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Introduction: Insulin-like growth factor-1 (IGF-1) is a peptide that shares sequence homology with in-
sulin and has endocrine, paracrine and autocrine functions, acts on endothelial cells, and stimulates
angiogenesis. IGF1 also affects renal hemodynamics both directly and indirectly by interacting with the
renin-angiotensin system.
Objective: The study aimed at detecting a relation between age-adjusted IGF1 (AAIGF1) and cardiovas-
cular risk score in adults with type 2 diabetes mellitus and chronic kidney disease.
Design: Patients were 90 females and 42 males with different stages of CKD ranging from 0 to 4. After
taking a consent, serum IGF1 was recorded and adjusted for the age of the patient using the IGF1 score
equation: {[(log IGF-1 þ 0.00625xage)-2.555]/0.104}.
Both univariate and multivariate regression analyses of AAIGF1 to different metabolic parameters and
microvascular complications of type 2 DM were done. A ROC curve for CV risk score was issued.
Results: AAIGF1 showed a significant bidirectional change with the stage of CKD. Univariate analysis was
done including cardiovascular parameters in relations to AAIGF1. A significant positive correlation was
found between AAIGF1 and CV risk score (B¼ 0.036, p¼ 0.003), SBP (B¼ 0.030, P¼ 0.004) and DBP
(B¼ 0.071, P¼ 0.000), with a reciprocal relation to EF (B¼ -0.050, P¼ 0.016). Multivariate regression
showed a significant correlation between AAIGF1 and age, HOMAIR, HOMAB, Uric acid. A ROC curve with
AUC of 0.675, P¼ 0.003, showed that AAIGF1 of approximately �1.7 is a cut off for intermediate CV risk
(10 year risk score >7.5%).
Conclusion: AAIGF1 shows a bidirectional relation to the grade of chronic kidney disease in adults with
type 2 DM. A cut off point for AAIGF1 was set to indicate intermediate CV risk score, which can encourage
using AAIGF1 as a prognostic marker for higher CV risk score. Medications that modulate IGF1 level can
affect CV risk.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Insulin-like growth factor-1 (IGF-1) is a peptide that shares
sequence homology with insulin and has endocrine, paracrine and
autocrine functions, acts on endothelial cells, and stimulates
angiogenesis [1]. IGF1 also affects renal hemodynamics both
directly and indirectly by interacting with the renin-angiotensin
system [2].
ier Ltd. All rights reserved.
2. Objectives

The study aimed at detecting a relation between age-adjusted
IGF1 (AAIGF1) and cardiovascular risk score in adults with type 2
diabetes mellitus and chronic kidney disease. AAIGF 1 was studied
in relation to IR, other metabolic parameters and microvascular
complications of diabetes.
3. Materials and methods

Data were statistically described in terms of mean± standard
deviation (±SD), median and range, or frequencies (number of
cases) and percentages when appropriate. Comparison of
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Abbreviations

SD standard deviation
CC creatinine clearance
FBG fasting blood glucose
HDL high density lipoproteins
LDL low density lipoproteins
TG triglycerides
ACR albumin creatinine ratio
TSH thyroid stimulating hormone
BMI body mass index
SBP systolic blood pressure
DBP diastolic blood pressure
AAIGF1 age-adjusted IGF1

IGF1 insulin like growth factor 1
HOMAIR homeostasis model assessment of insulin resistance
HOMAB Homeostasis model assessment of B cell function
EF ejection fraction
IVSd interventricular septal thickness at diastole
PVD peripheral vascular disease
IHD ischemic heart disease
MI myocardial infarction
CVA cerebrovascular accident
CKD chronic kidney disease
IR insulin resistance
CV cardiovascular
DM diabetes mellitus
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numerical variables between the study groups was done using
Kruskal Wallis test. For comparing categorical data, Chi-square (c2)
test was performed. Exact test was used instead when the expected
frequency is less than 5. Univariate regression analysis models were
used to test for the preferential effect of the independent vari-
able(s) on IGF-1 score. P values less than 0.05 was considered sta-
tistically significant. All statistical calculations were done using
computer program IBM SPSS (Statistical Package for the Social
Science; IBM Corp, Armonk, NY, USA) release 22 for Microsoft
Windows.

Our patients were 90 females and 42males with different stages
of CKD ranging from Stage 0e4. Most of our patients were of Stage 1
CKD (60.7%). After taking a consent, serum IGF1 was recorded and
adjusted for the age of the patients using the IGF1 score equation:
{[(log IGF-1 þ 0.00625� age)�2.555]/0.104} (B.1). We did both
univariate and multivariate regression analyses of AAIGF1 to
different metabolic parameters, IR, andmicro complications of type
2 DM. We checked AAIGF1 score of our patients: 108 (81.8%) of
them were toward the low range, whereas only 24 (18.2%) to the
high range for their age (we used normal range of IGF1 for each age
group) which goes with the effect of DM on our population (see
discussion). We got the mean, standard deviation (SD), and per-
centage of different parameters including age, AAIGF1, Creatinine
(Cr.), fasting blood glucose (FBG), creatinine clearance (CC), CKD
stage, A1C,insulin, homeostasis model assessment(HOMA IR),
HOMAB, lipids, albumin to creatinine ratio (ACR), thyroid function
test (TFT), uric acid (UA), CV risk score (using atherosclerosis CV
Table 1
Mean, SD of different study parameters.

Parameter N Mean SD Par

Age(ys) 132 58.2 15.2 FT3
Creatinine(mg/dL) 112 0.8 0.7 TSH
FBG(mmol/l) 132 8.9 4 Uri
CC(mL/min/1.73m2) 112 146.2 69.3 Age
A1C (%) 132 7.9 1.8 CV
Insulin(uIU/mL) 132 15.8 8.8 no
HOMA IR 132 6.3 4.8 IVS
HOMA B 132 86.8 67.7 EF (
Cholesterol(mg/dL) 132 163.4 41.5 Insu
TG(mg/dL) 132 126.7 87.8 SBP
HDL(mg/dL) 132 48.8 14.7 DBP
LDL(mg/dL) 132 101.2 41.4 BM
ACR(mg/gm) 108 232 472 no
FT4(pmol/L) 132 14.9 2.8

SD standard deviation, CC creatinine clearance, FBG fasting blood glucose, HDL high
creatinine ratio, TSH thyroid stimulating hormone, BMI bodymass index, SBP systolic bloo
growth factor, HOMAIR homeostasis model assessment of insulin resistance, HOMAB Ho
tricular septal thickness at diastole.
disease risk score), and anthropometric measures.

4. Results

4.1. Studied population

Looking into our 132 patients, many of them had different ex-
amples of CV diseases including: ischemic heart disease (IHD): 28
patients, cerebrovascular accidents (CVA): 10 patients, peripheral
vascular diseases (PVD): (2 patients) and myocardial infarction
(MI): 10 patients.

Regarding cardiovascular procedures: 2 patients had previous
coronary angiography, 4 had coronary artery bypass graft, 2 had
embolectomy and 4 had percutaneous coronary intervention (PCI)
with stent application. 20 of the patients had at least 1 cardiovas-
cular disease (CVD) or a cardiovascular (CV) procedure, 8 patients
had 2 cardiovascular diseases or CV disease plus a procedure, 6
patients had a combination of 3 diseases and/or procedures, while
2 patients had a combination of 4 diseases and/or procedures.
Table 1 shows means and SD of different study parameters.

AAIGF1 showed a significant change with the stage of CKD. This
change was bidirectional where it tends to decrease to be in Stage
0 more than Stage 1 more than Stage 2 (means¼�1.9, �2.3, �3.0,
respectively) and then increases again with Stages 3 and 4
(means¼�0.4 and 0.7 respectively) (P¼ 0.017) [ Graph 1]. Since
the number of patients was too small to be compared, the patients
in the last three stages were grouped together to get a collective
ameter N Mean SD

(pmol/L) 132 4.1 0.7
(uIU/mL) 132 3 5.2
c Acid (mg/dL) 132 5 1.4
-adj.IGF1 score 132 �1.9 2
risk score 96 14.2 16
of CV events and procedures 132 0.4 0.9
d(cm) 60 1.1 0.2
%) 60 59 10.9
lin dose/kg(IU/kg) 46 0.6 0.3
(mmHg) 124 135.6 17.8
(mmHg) 124 75.3 10.8
I(kg/m2) 112 32.3 6.4
of microvascular complications 124 1 0.6

density lipoproteins, LDL low density lipoproteins, TG triglycerides, ACR albumin
d pressure, DBP diastolic blood pressure, AAIGF1 age adjusted IGF1, IGF1 insulin like
meostasis model assessment of B cell function, EF ejection fraction, IVSd interven-



Graph 1. Relation between AAIGF1 score and stage of CKD.

Graph 2. ROC curve for AAIGF1 cut-off point for CV risk.
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group of “stage >1” (Stages: 0, 1, and more than 1). The same
bidirectional relation was there but it was not significant
(�1.9, �2.3, �1.2, respectively) (P¼ 0.298). We had a univariate
regression analysis done between AAIGF1 and CV parameters. A
significant positive correlation was found between AAIGF-1 and CV
risk score (B¼ 0.036, P¼ 0.003), systolic blood pressure (SBP)
(B¼ 0.03, P¼ 0.004) and diastolic blood pressure (DBP) (B¼ 0.07,
P¼ 0.000) while a reciprocal significant relation was found to
ejection fraction (EF) (B¼�0.05, P¼ 0.016). A weak positive sig-
nificant relation was there between CV events and procedures to
AAIGF1 (B¼ 0.366, P¼ 0.063), while no significant relation at all
was there between AAIGF1 and IVSd which is an indication for
diastolic dysfunction. (B¼�1.097, P¼ 0.305).

Table 2 shows multivariate regression analysis between AAIGF1
and different parameters. Doing multivariate regression showed
only a significant correlation between AAIGF1 and age, HOMAIR,
HOMAB, uric acid with weak significant relation to CV risk score,
and thyroid-stimulating hormone. This study did not search for any
causal relation between these parameters and AAIGF-1. Graph 2 is a
receiver operating characteristic (ROC) curve with area under the
curve of 0.675, P¼ 0.003, showed that AAIGF1 around �1.7 is a
cutoff for intermediate CV risk score where 10 year risk ASCVD
score is >7.5%, which is a cut-off point to start statins(A.2).
5. Discussion

5.1. IGF1 and CVD

IGF1, predominantly synthesized in the liver upon stimulation
by growth hormone (GH), is usually bound to IGF-binding protein 3
(IGFBP-3) in circulation [3] IGF1 has an almost 50% amino acid
sequence homology with insulin and elicits nearly the same
Table 2
Multivariate regression analysis of different parameters to AAIGF1.

Parameter B P Parameter B P

Age �0.121 0.023 Cholesterol 0.010 0.769
CC 0.000 0.945 TG �0.006 0.281
Micro.albumin. grade �0.567 0.073 HDL �0.056 0.083
A1C 0.177 0.327 LDL �0.001 0.981
HOMAIR �0.165 0.036 BMI �0.053 0.156
HOMA B �0.010 0.031 Uric acid 0.604 0.011
FT4 �0.108 0.385 CV risk 0.062 0.055
FT3 0.053 0.869 TSH �0.209 0.055
hypoglycemic response [4]. It is found as one of the factors that
favor atherosclerosis [5] and may also induce vascular smooth
muscle cell proliferation and migration [6], promote macrophage
activation, and thus may contribute to arterial obstructive lesions
[7]. However IGF1 was found to have beneficial CV effects as well:
in vivo and in vitro animal studies have shown that IGF1 induces
vasodilatation by nitric oxide production, reduces endothelial
dysfunction [8], promotes mRNA expression for specific contractile
proteins, improves myocardial contractility, and limits ischemia-
reperfusion injuries [9]. Low serum levels of IGF1 have been asso-
ciated with carotid intima-media thickening [10], the presence of
congestive heart failure [11], and angiographically documented
coronary disease [12]. Low IGF1 levels have been also associated
with an increased risk of ischemic heart disease (IHD) [13]. A study
by Bourron et al., 2015 [14], showed that AAIGF1 levels were lower
in patients with CV outcome events than in patients without CV
outcome event. They interestingly found that patients with dia-
betes with low serum AAIGF1 levels were those with the poorest
clinical outcomes. In a study by Conti et al., 2001 [15], patients with
acute myocardial infarction (MI) had reduced serum levels of IGF1
compared with healthy controls, and among the acute MI patients,
those with lower IGF1 levels had a higher frequency of 90-day
events (recurrent ischemia, reinfarction, revascularization, sus-
tained ventricular tachycardia after discharge, and death).
Furthermore, lower serum levels of IGF1 were associated with 2-
year mortality in 52 patients with acute MI [16].

Endothelial dysfunction has been observed in type 2 diabetes
[17], and IGF1 is considered to be a potent regulator of endothelial
function [18]. One hypothesis is that low IGF1 levels may exacer-
bate the preexisting endothelial dysfunction in patients with dia-
betes, proceeding to the poorer prognosis of patients with type 2
diabetes with low IGF1 concentrations. Another hypothesis is that
type 2 diabetes, as observed in obesity, could be associated with
endothelial IGF1 resistance [19]. In animal models, acute adminis-
tration of IGF1 before and during early cardiac ischemia improves
glucose uptake and tolerance to ischemia in hypertrophied hearts
[20]. In our study, although the AAIGF1 was on the lower range as
all patient had type 2 diabetes, there was a positive although
weakly significant correlation between AAIGF1 to number of CV
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events and procedures, and positive significant correlation to CV
risk score, SBP, and DBP, whereas negative nonsignificant correla-
tion to IVSd (indication of diastolic dysfunction) and negative sig-
nificant correlation to EF. This may postulate that low AAIGF1 is
associated more with heart failure outcome, whereas higher
AAIGF1 is more related to vascular complications, e.g. IHD and
atherosclerosis.

5.2. IGF1 and IR

Several studies have investigated the effect of IGF1 on insulin
sensitivity and its relation to type 2 DM. Large longitudinal studies,
including the National Health and Nutrition Examination Survey III,
reported a higher risk of IR, metabolic syndrome (MetS), and type 2
diabetes in patients with low IGF1 serum concentrations or low
IGF1-to-IGFBP-3 ratios [21]. An epidemiological study reported a
negative correlation between IGF1 levels and insulin resistance (IR)
measured by HOMA IR [22]. IGF1 leads to an increase in peripheral
glucose uptake and a decreased production of hepatic glucose
causing better insulin sensitivity [23]. On the other side, adult pa-
tients with GH replacement therapy revealed a higher prevalence
of IR and MetS [24]. GH secretion is found to be blunted in type 2
diabetes [25], followed by IGF1 [26]. Our study confirmed the
relation where HOMAIR and HOMAB showed a negative significant
correlation to AAIGF1 by multivariate regression analysis [Table 2].

5.3. IGF11 and CV risk score

Our study may be the first to set a cutoff point for AAIGF1 to
indicate higher CV risk score through a ROC curve [Graph 2], this
cutoff point can encourage using AAIGF1 as a prognostic marker for
CV risk in patients of type 2 DM with CKD.

5.4. IGF1 and kidney disease

IGF1 plays an important role in the early development of dia-
betic renal disease [27]. Most GH effects on glomerular hypertrophy
appear to be mediated by IGF1, but some GH effects on glomerular
sclerosis may be IGF1 independent [28]. Mesangial cells isolated
from experimental models of diabetic nephropathy, exhibit altered
IGF1 synthesis, IGF1 pathway activation, and higher IGF-1R (IGF1
receptors) expression, and activation than control mesangial cells
[29]. As in rodent models, evidence has been obtained in humans
that the GH/IGF1 axis is involved in the pathogenesis of diabetic
nephropathy, with a specific effect on urinary albumin excretion. A
correlation between urinary GH and IGF1 levels and micro-
albuminuria was observed in children and adolescents with type 1
diabetes, suggesting an important role of the GH-IGF1 system in the
outcome of diabetic nephropathy during puberty, when both GH
and IGF1 levels are physiologically elevated [30]. IGF1 may also
contribute to the glomerular hyperfiltration observed in early dia-
betic nephropathy [31]. However, circulating levels of total IGF1 do
not closely correlate to renal hypertrophy, and there is a lack of
correlation between kidney size and the progressive decline in the
glomerular filtration rate in patients with diabetes. Our study
showed that primary decrease in serum AAIGF1 occurs followed by
secondary increase in serum which appears as a biphasic graph.
[Graph 1], whether this is related to initial increase of IGF1 in the
renal parenchyma more than serum followed by its increase in the
circulation, needs to be further studied. However, Brugts et al., in
2009 [32] postulated that heterophilic antibodies used in IGF1
immunoassays may give a false indication of decrease in IGF1. Our
study proved a negative correlation between AAIGF1 and the
microalbuminuria grade, although this correlation was weakly
significant (B¼�0.567, P¼ 0.073) [Table 2]. In our study, patients
with micro and macroproteinuria had lower mean of AAIGF1 than
patients with no proteinuria although this was insignificant
(P¼ 0.4)

5.5. IGF1 and retinopathy

On the other hand, studies based on larger populations seem to
indicate that with the factors of AlC, age, and course of disease
controlled, IGF1 does not significantly correlate to the occurrence
and progression of diabetic retinopathy in either teenage or adult
patients with DM [33]. Our study matched this finding, while other
studies, as the one done by Zhang et al., 2017,[34] showed that there
is a positive significant correlation between the stage of retinop-
athy and the IGF1 level. They referred opposing results to different
factors including difference in age, albuminuria, and BP and glucose
control.

5.6. Limitations

However, one limitation in our study was that the number of
patients with CKD stages 2e4 was too small compared to patients
with CKD stage 1. Collecting the patients of the last 3 stages in one
group showed the same biphasic relation although it was insig-
nificant. More and preferably equal number of cases for each stage
of CKD is needed in subsequent studies to detect a better
correlation.

6. Conclusion

AAIGF1 shows a bidirectional relation to the grade of chronic
kidney disease in patients with type 2 DM. A cut off point for
AAIGF1 was set to indicate higher CV risk score, which can
encourage using AAIGF1 as a prognostic marker for CV risk. Ther-
apies that modulate IGF1 level to manage insulin resistance, pro-
teinuria and decrease CV risk need further researches. Further
studies that may include histological and molecular ones, with
more and equal number of patients for each stage of CKD are
needed to assess a more clear relation between IGF1 and CKD.
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Appendix A

A.1 Stages of Chronic kidney disease

GFR categories in CKD in ml/min/1.73m2

Grade 1 GFR �90 Normal or high.
Grade 2 GFR from 60 to 89 mildly decreased*
Grade 3a GFR from 45 to 59 mildly to moderately decreased.
Grade 3b GFR from 30 to 44 moderately to severely decreased.
Grade 4 GFR from 15 to 29 severely decreased.
Grade 5 GFR <15 Kidney failure.
According to National Kidney Foundation, USA. https://www.

kidney.org/professionals/explore-your-knowledge/how-to-classify-
ckd, last accessed 06/07/2019.

A.2 ASCVD risk score

It assesses the 10 year cardiovascular risk score of patients.
10-year risk for ASCVD is categorized as:
Low-risk (<5%)
Borderline risk (5%e7.4%)
Intermediate risk (7.5%e19.9%)

https://www.kidney.org/professionals/explore-your-knowledge/how-to-classify-ckd
https://www.kidney.org/professionals/explore-your-knowledge/how-to-classify-ckd
https://www.kidney.org/professionals/explore-your-knowledge/how-to-classify-ckd
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High risk (�20%)
In our research ASCVDmore than 7.5%was the cut point we used

to indicate the transition to higher cardiovascular risk score that
indicated statins, and it matches AAIGF1 of around �1.7.

According to D.C.Jr. Goff, D.M. Lloyd-Jones, G. Bennett et.al. 2013
ACC/AHA Guideline on the Assessment of Cardiovascular Risk. A
Report of the American College of Cardiology/American Heart As-
sociation Task Force on Practice Guidelines. Circulation (2013) Nov
12, updated in (11/21/17)
A.3 Albuminuria categories in CKD

Regarding albuminuria grade patients were divided into.
Grade 0 (albumin/creatinine less than 20mg/gm)*
Grade 1 (albumin/creatinine from 20 to 299 mg/gm)*
Grade 2(albumin/creatinine more than 300mg/gm)*
*These numbers followed the laboratory technique and kits we

used.
A.4 Stages of diabetic retinopathy

We divided our patients according to the degree of retinopathy
as follows:

Grade 0- Patients with nomaculopathy or any degree of diabetic
retinopathy.

Grade 1- Patients with maculopathy or NPDR.
Grade 2- Patients with NPDR with maculopathy or patients with

Preproliferative DR.
Grade 3- Patients with Preproliferative DR with maculopathy or

patients with PDR.
Grade 4- Patients with PDR with maculopathy.
In our classification we used NHS diabetic retinopathy classifi-

cation with some modulations. https://www.nhs.uk/conditions/
diabetic-retinopathy/stages/last reviewed 30/10/2018 last accessed
07/06/19.
A.5 Insulin resistance cut off value used in our study was 3*

*Due to lack of data from theMiddle East that can assign a cut off
value for HOMA IR to determine insulin resistance, an average value
of 3 was used for HOMA IR depending on an article by Gayoso-Diz
et al., 2013.

P. Gayoso-Diz, A. Otero-Gonz�alez, M.X. Rodriguez-Alvarez, F.
Gude, F. García, A. De Francisco and A.G. Quintela. Insulin resistance
(HOMA-IR) cut-off values and the metabolic syndrome in a general
adult population: effect of gender and age: EPIRCE cross-sectional
study, BMC Endocrine Disorders 13 (2013) 47, https://doi.org/10.
1186/1472-6823-13-47.
Appendix B

Eq. (B.1) ([(log IGF-1 þ 0.00625 � age)�2.555]/0.104)*
*S. Damanti, O. Bourron, M. Doulazmi, A.L. Mandengue Sosso,

V.H. Nguyen-Michel, J. Mariani et al. Relationship between sleep
parameters, insulin resistance and age-adjusted insulin like growth
factor-1 score in non diabetic older patients, PLoS One 12 (2017)
e0174876.
Appendix C. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.dsx.2019.07.008.
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