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1 | INTRODUCTION

Insulin-like growth factors (IGFs) are proteins with multiple functions
including stimulation of cell proliferation, inhibition of apoptosis, and
enhancement of cell motility as well as the regulation of cell differen-
tiation and transformation (Delafontaine et al., 2004). Among IGFs,
circulating IGF-1, which is mainly synthesized in the liver in response
to stimulation by growth hormone (GH) through its receptor (GHR),
mediates many of the pro-growth effects of GH. In the bloodstream,
the majority of the IGF-1 is found in a binary complex with IGFBP
(mainly IGFBP-3) proteins or a ternary complex including also the
glycoprotein Acid Labile Subunit (Juul et al., 1995). IGF-1R belongs to
the tyrosine kinase receptor family and triggers a signal transduction
cascade involving PI3K, AKT, and TOR (Delafontaine et al., 2004).

A series of studies have shown that high levels of IGF-1 are as-
sociated with an increased risk of tumors including prostate, pre-
and postmenopausal breast, lung, thyroid, and colorectal cancers
(Ma et al., 1999; Renehan et al., 2004; Shi et al., 2001). An increase
in serum IGF-1 level of 100 ng/ml was shown to correspond to a
69% increase in colorectal cancer risk (Ma et al., 1999). High levels of
IGF-1 were also shown to be associated with a 49% increase in pros-
tate cancer, 65% increase in breast cancer (Renehan et al., 2004), and
a 106% increase in lung cancer risk (Yu et al., 1999). Furthermore, in
worms, flies, and mice insulin/IGF-1 signaling reduces lifespan and
healthspan (Bartke et al., 2013; Fontana et al., 2010; Kenyon, 2010;
Podshivalova et al., 2017). On the contrary, several studies have
found a connection between low levels of IGF-1 and conditions such
as cardiovascular diseases (CVD), diabetes mellitus, osteoporosis,
and sarcopenia (Garnero et al., 2000; Higashi et al., 2010).

Among studies focused on the relationship between IGF-1 levels
and mortality, some reported no relationship (Brugts et al., 2008;
Hu et al., 2009), whereas others showed a positive association be-
tween high levels of IGF-1 and mortality (Andreassen et al., 2009;
Colombo et al., 2017; Duggan et al., 2013) and four indicated that

Meta-analysis of the 19 eligible studies showed that with respect to the low IGF-1
category, higher IGF-1 was not associated with increased risk of all-cause mortal-
ity (HR = 0.84, 95% Cl = 0.68-1.05). Dose-response analysis revealed a U-shaped
relation between IGF-1 and mortality HR. Pooled results comparing low vs. middle
IGF-1 showed a significant increase of all-cause mortality (HR = 1.33, 95% Cl = 1.14-
1.57), as well as comparing high vs. middle IGF-1 categories (HR = 1.23,95% Cl = 1.06-
1.44). Finally, we provide data on the association between IGF-1 levels and the intake
of proteins, carbohydrates, certain vitamins/minerals, and specific foods. Both high
and low levels of IGF-1 increase mortality risk, with a specific 120-160 ng/ml range
being associated with the lowest mortality. These findings can explain the apparent

controversy related to the association between IGF-1 levels and mortality.

IGF-1, mortality, protein intake

low levels of IGF-1 are associated with higher mortality (Cappola
et al., 2003; Friedrich et al.,, 2009; Jia et al., 2014; Miyake et al.,
2016). Interestingly, a meta-analysis carried out by Burgers et al. in
2011 had suggested a U-shaped relation between circulating IGF-1
and mortality (Burgers et al., 2011).

Because serum IGF-1 level measurements are common in the
clinic, to address these controversial findings and identify an IGF-1
range consistently associated with lower mortality, we conducted a
dose-response meta-analysis of prospective cohort studies assess-
ing the relationship between IGF-1 levels and all-cause mortality.
The third national health and nutrition examination survey (NHANES
I, 1988-1994) data were instead used to identify nutrients whose
intake affects IGF-1 levels.

2 | RESULTS

2.1 | Study selection

Figure 1 shows the full process of literature search and study selec-
tion. A total of 1292 reports were initially identified. After removing
duplicates, 943 articles remained. 914 records were excluded based
on the title and/or abstract. Fourteen studies were excluded after
full-text review: Nine studies did not report HR for mortality in the
IGF-1 categories, and five studies did not categorize IGF-1 levels. As
a consequence, 19 independent studies in 16 articles were included

in this meta-analysis (see Table S2).

2.2 | Study characteristics and quality assessment

Baseline characteristics of the 19 eligible studies with 30,876 par-
ticipants are presented in Table 1. These studies were published
between 2007 and 2019. Mean age of participants at baseline was
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FIGURE 1 Literature search and study selection process for the systematic review and meta-analysis

65yearswithameanfollow-up duration of about 7 years, ranging from
2.3 to 12 years. Studies were conducted in Germany, Netherlands,
the United States, UK, Sweden, Japan, Australia, Denmark, China,
and ltaly. According to the Newcastle-Ottawa Quality Assessment
scale, 12 studies had superior quality (Supporting information p8).

2.3 | Main results of meta-analysis

Meta-analysis of the 19 eligible studies showed that with respect
to the low IGF-1 category, higher IGF-1 was not associated with
increased risk of all-cause mortality (HR = 0.84, 95% Cl = 0.68-
1.05) (Figure 2), with a high heterogeneity detected among studies
(Q = 65.4, p-value < 0.0001; I? = 78.31%).

2.4 | Dose-response meta-analysis

Nine studies in seven papers with 18,492 participants and 3422
deaths reported sufficient detailed information for nonlinear
dose-response meta-analyses of IGF-1 levels and all-cause mor-
tality. Mean follow-up duration was 7.5 years ranging from 5.2 to
11.6 years. Dose-response analysis revealed a U-shaped relation

between IGF-1 and HR of mortality with both high and low values of
IGF-1 associated with an increased the risk of mortality (Figure 3a).
Because several among the 19 eligible studies indicate that both
low and high IGF-1 levels are associated with increased mortality,
and based on the dose-response analysis (Figure 3a), we selected
nine studies that used at least an intermediate category of IGF-1 that
overlapped with the range of IGF-1 levels that the dose-response
analysis indicated to be associated with the lowest mortality (120-
160 ng/ml, Figure 3b,c). These studies were used to compare low/
high vs. middle categories of IGF-1 with respect to the risk of all-
cause mortality. Meta-analysis showed that lower IGF-1 levels
were associated with increased risk of mortality compared to mid-
range IGF-1 (HR = 1.33, 95% Cl = 1.14-1.57; Figure 3d), but with
a significant heterogeneity observed among the analyzed studies
(I’ = 62.85%; Q = 23.0, p-value = 0.003). The same nine studies
showed that higher IGF-1 levels, which are not associated with in-
creased mortality when compared to low IGF-1 levels, but were as-
sociated with increased risk of all-cause mortality compared to the
mid-range IGF-1 (HR = 1.23, 95% Cl = 1.06-1.44; Figure 3e). There
was no obvious heterogeneity among the nine studies reporting HRs
comparing high vs. middle categories of IGF-1 levels (1> = 4.45%;
Q = 12.08, p-value = 0.148). Similar results were obtained for stud-
ies including participants older than 70 years (HR = 1.18, 95% Cl
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TABLE 1 Baseline characteristics in the meta-analysis on the association between IGF-1 levels and risk of all-cause mortality (30,876

participants)

Country Cohort name
Author Year population Follow-up (year)
Friedrich, N 2009 Germany MONICA
(8.5)
Van Bunderen,C 2010 Netherlands LASA
(11.6)
Friedrich, N 2011 Germany DETECT
(6)
Duggan, C 2013 USA HEAL
(8)
Rowlands, M 2012 UK Royal Hallamshire
Hospital
(3.7)
Kaplan, R 2017 USA CHS
(8)
Sun, J 2016 Sweden Karolinska
University
(2.3)
Miyake, H 2016 Japan Shimane
University
(6.6)
Svensson, J 2012 Sweden MrQOS
(6)
Yeap, B 2011 Australia HIMS
(5.2)
Andreassen, M 2009 Denmark -
(5)
Brugts, M 2008 Netherlands Zoetermeer
(8.6)
Arai, Y 2008 Japan Tokyo
Centenarians
(6)
Saydah, Sh 2007 USA NHANES Il
(12)
Shen, L. 2018 China -
3)
Maggio, M 2013 Italy CHIANTI

(8)

0.98-1.43 for high vs. medium IGF-1 categories; HR = 1.31, 95%
Cl = 1.07-1.59, for low vs. medium IGF-1 categories), again with an
elevate heterogeneity among studies (Q = 13.37, p-value = 0.004;
I? = 75.54%). However, it is worth noticing that in subjects older than
70 years the association between IGF-1 and increased mortality ap-
pears to be weaker with borderline statistical significance. Adopting
a larger range of IGF-1 (100-180 ng/ml) does not change the main
findings of the analysis (supporting information pp 2-3).

Sex

(1: women,

2: men, Person/ Age (years)

3: both) Death (n) years Population range

2 240 15,861 1988 51

1 108 17,491 2069 48

3 633 = 1273 74
55-85

2 131 7737 2463 59

1 102 11,392 3603 57
18-95

1 87 - 600 57
40-64

2 27 741 396 70

3 722 13,930 2268 78
68-102

3 149 - 543 53
19-87

1 25 - 382 67

2 46 - 468 64

2 111 - 2101 75
69-81

2 694 = 3983 77
70-89

3 103 - 642 68
50-89

3 170 - 376 71
73-94

3 - 611 252 101.5
100-108

3 743 - 6056 43

3 - - 216 54
46-63

3 240 - 1197 69
65<

2.5 | Publication bias

Funnel plot of all-cause mortality is shown in Supporting informa-
tion (p 3). No publication bias was found among studies on all-cause
mortality (p-values = 0.41 and 0.49 for Egger's and Begg's tests, re-
spectively). Sensitivity analysis did not show significant differences
beyond the limits of 95% Cl among studies (Supporting information
p4).
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FIGURE 3 (a) Dose-response association between IGF-1 levels and risk of all-cause mortality (P, for nonlinearity = -0.0056,

Coef, = 0.001; P, for nonlinearity < 0.001, Coef, = 0.0105). Dashed lines indicate the 95% confidence intervals for the spline model. The
horizontal dashed line corresponds to the reference (140 ng/ml) HR of 1.0. (b, c): IGF-1 categories originally used to define high-, low-, and
intermediate-risk intervals in the nine selected studies (b). Vertical bars correspond to the adopted IGF-1 cutoffs. (c) Reconfiguration of

the IGF-1 categories according to the proposed approach. Blue lines define high risk categories; green lines define low risk categories. The
combined HR was obtained using the intermediate categories as a reference group (black lines). *For both Friedrich’ studies IGF-1 cutoffs
were computed as mean values of the groups identified according to the age- and sex-specific 10th and 90th percentile. (d, e) Forest plot of
pooled analysis for the low (d) and the high (e) categories of IGF-1 compared to the middle category (hazard ratios reported in the log scale in

both panels)
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TABLE 2 Associations between quintiles of macronutrient
(a), micronutrient (b) and food (c) intakes and IGF-1 serum
concentrations (2605 participants)

IGF-1 (ng/ml)
First Fifth
Nutrients quintile quintile p-value
A: Macronutrients
Protein 232.8 241.3 0.007
Animal protein 230.3 244.2 0.001
Plant protein 2279 238.0 0.110
Carbohydrate 226.3 238.7 0.007
Total fat 234.0 237.6 0.171
Saturated fat 2329 238.4 0.115
Polyunsaturated fat 232.4 243.4 0.062
Monounsaturated fat 234.2 236.3 0.330
B: Micronutrients
Retinol 229.4 244.3 <0.001
Beta-carotene 230.6 2459 0.001
Vitamin B1 (thiamine) 223.5 241.3 0.002
Vitamin B2 (riboflavin) 226.8 245.8 <0.001
Vitamin B6 229.5 240.4 0.012
Vitamin B12 226.8 2471 <0.001
Vitamin C 227.0 240.6 0.001
Vitamin D 224.5 248.6 <0.001
Calcium 230.5 246.3 0.001
Iron 227.8 244.2 0.005
Magnesium 226.0 240.3 0.009
Phosphorus 231.2 240.6 0.023
Potassium 2274 244.2 <0.001
C: Foods
Eggs and egg products 236.7 224.1 0.010
Milk and milk beverages 233.9 249.0 0.006
Cheese and fromage blanc 232.0 246.7 <0.001
Yogurt 233.0 245.7 0.002
Meat 234.0 238.8 0.256
Processed meat 235.8 232.5 0.454
Poultry 234.9 2374 0.563
Fish and shellfish 234.3 239.7 0.183
Vegetables 234.7 236.3 0.692
Fruits 233.3 241.7 0.041
Potatoes and other tubers 235.2 235.8 0.902
Cereal and cereal products 234.3 237.8 0.401
Butter 237.2 226.9 0.014
Margarines 234.5 249.5 0.033
2.6 | Epidemiological diet study

Because nutrition is perhaps the most relevant modulator of
IGF-1 levels (Key, 2011; Levine et al., 2014; Watling et al., 2021),

third national health and nutrition examination survey (NHANES III,
1988-1994) data were used to investigate the relationship between
IGF-1 and the daily intake of specific nutrients. The study population
included 1152 men and 1453 women. Mean age of participants was
4511 + 17.97 years.

Mean serum IGF-1 concentrations increased in subjects report-
ing a higher protein or carbohydrate intake (p-value = 0.007). The
intake of vitamins and minerals was also associated with higher
IGF-1 levels (Table 2A,B). We next determined the type of food
whose consumption was correlated to circulating serum IGF-1. High
consumption of dairy products including milk, cheese and yogurt,
and margarines was associated with increased IGF-1 levels in agree-
ment with previous studies, while high consumption of butter, eggs,
and egg products was associated with decreased levels of IGF-1
(Giovannucci et al., 2003) (Table 2C).

3 | DISCUSSION

The role of IGF-1 on mortality is controversial with studies show-
ing either increased or decreased mortality in the high IGF-1 com-
pared to low IGF-1 group. This meta-analysis of 19 cohort studies
with 30,876 participants confirms the absence of a significant dif-
ference in the HRs of all-cause mortality with IGF-1 levels when the
highest and lowest IGF-1 levels are compared. This nonlinear dose-
response meta-analysis supports a U-shaped relationship for serum
IGF-1 concentration and mortality with the lowest mortality asso-
ciated with the 120-160 ng/ml range. Since there was an obvious
difference in the IGF-1 cutoff levels used to define high-, low-, and
intermediate-risk categories, we attempted to rule out this source
of heterogeneity by standardizing serum IGF-1 categories. This
approach revealed that both the lowest and highest categories of
IGF-1 had a significantly higher risk of all-cause mortality compared
with middle category. Furthermore, a direct relation was found
between foods associated with growth including proteins, carbo-
hydrates, milk-based products, and B vitamins and IGF-1 levels, in
agreement with clinical studies indicating that optimal range levels
of this growth factor can be achieved by dietary changes.

In mice, very low levels of IGF-1 are associated with reduction
in a range of diseases and conditions including cancer, diabetes, and
cognitive decline and with record longevity (Bartke et al., 2013). In
fact, mice with severe IGF-1 deficiency, achieved by either growth
hormone receptor (GHRD) or GH deficiency, display a 40% extended
longevity (Bartke et al., 2013). Also, GHRD mice are protected from
age-related decline in memory and perform similarly to young nor-
mal mice. Additionally, insulin/IGF-signaling (IIS) pathway accel-
erates aging in Caenorhabditis elegans and the fly D. melanogaster
(Bartke et al., 2013).

In humans, studies on patients with Laron syndrome (LS), whose
IGF-1 levels are extremely low, have reported a reduction in pro-
aging signaling, cancer, diabetes, and cognitive decline (Guevara-
Aguirre et al. 2011; Nashiro et al. 2017). Steuerman et al. (2011) also
surveyed 230 individuals with LS and found no cases of cancer.
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On the contrary, other studies reported an association between
low levels of IGF-1 and conditions like CVD, diabetes mellitus, oste-
oporosis, and sarcopenia although a causal relationship has not been
established (Brioche et al., 2014; Katsanos et al., 2001; Lenk et al.,
2010; Saki et al., 2017).

Several studies have also demonstrated that IGF-1 has a protec-
tive effect against CVD. However, local expression of IGF-1 rather
than circulating IGF-1 could be responsible for this protective effect
(Vinciguerra et al., 2009, 2012).

These apparently, or potentially, opposite effects of IGF-1 gen-
erated a controversy related to the value of measuring IGF-1 levels
to assess disease and mortality risk in patients. On the basis of the
available data, we propose that although low IGF1 may be healthy if it
is maintained in the ideal 120-160 ng/ml range by dietary regulation
= the reduction of IGF-1 levels is due to frailty and sickness together
with inflammatory diseases could explain the increased mortality in
patients with low or very low IGF-1 levels. Notably, bioavailability
and local levels of IGF-1 are affected by inflammation. For exam-
ple, GH resistance of liver cells caused by chronic inflammation can
lead to decreased expression of IGF-1 (DeBoer et al., 2017; Street
et al., 2004, Street et al. (2006). Malnutrition also directly inhibits
GH binding to GH receptors and is associated with GH resistance
(Yamamoto et al., 2013).

Generally, IGF-1 levels decrease from age 20 to the end of life.
The diet and particularly proteins, dietary restrictions, obesity, and
lifestyle influence the level of IGF-1. In fact, a study investigating
the relationship between protein consumption and mortality dis-
covered a significant and direct relationship between high protein
intake, high IGF-1 levels, and increased hazard ratios for all-cause
mortality (Willett & Ludwig, 2020). However, this association was
no longer observed in the over 65 population, in agreement with the
much lower IGF-1 levels in the over 65 subjects independently of
their protein intake (Levine et al., 2014) and in line with other reports
(Willett & Ludwig, 2020). We also report that the intake of milk and
other nutrients important for growth including carbohydrates and B
vitamins are associated with higher IGF-1 levels.

In summary, because extensive data in both mice and humans
consistently show that even extremely low levels of IGF-1 are associ-
ated with increased lifespan or healthspan and in agreement with the
meta-analysis presented here, we propose that low- to mid-range lev-
els of IGF-1 (120-160 ng/ml) are reflective of the “healthiest” status.
Burgers et al. (2011) have previously proposed that the relation be-
tween circulating IGF-1 and mortality is U-shaped, based on a meta-
analysis of studies that are all over 10 years old and that represent
14,906 individuals. Such proposal, unfortunately, has not been sup-
ported by subsequent studies. Here, thanks to many additional stud-
ies which have been carried out on this topic since the Burgers paper,
we report a much larger data set (30,876 individuals) which allowed
more robust conclusions. In addition, thanks to the statistical ap-
proach we used and also to studies we and others carried out in mice
and humans that with extremely low IGF-1 levels (GHDs, GHRDs) we,
for the first time, have provided a reasonable explanation for the U-
shape relationship between IGF-1 and mortality, which also allowed

Aging

us to propose an ideal IGF-1 range, which could be used by physicians
as a reference. Finally, unlike previous reviews and meta-analyses, we
provide a link between the type of food consumed by the US popu-
lation and IGF-1 levels based on CDC NHANES data. In fact, based
on NHANES database results, a total protein intake in the 50-80 g/
day in the US population is associated with the ideal IGF-1 range de-
scribed here. This compares to the approximately 91 + 22 g/day av-
erage protein intake in the US population aged 19-30 years, and to
the approximately 66 + 17 g/day average protein intake in the elderly
US population (Fulgoni, 2008), indicating that the majority of adults
living in the US consume excessive levels of proteins, whereas the
elderly may be consuming an appropriate level.

Two strengths of the present meta-analysis study are (i) incorpo-
ration of prospective cohort studies and (ii) standardization of serum
IGF-1 categories in studies with different cut-points to better extrap-
olate the results (iii) utilization of high-quality studies that had a large
sample and a long duration of follow-up. Limitations of the present
study are as follows: (i) limited access to fundamental information of
some articles that as a consequence was not included in the dose-
response section analysis; (ii) the association between IGF-1 levels
and all-cause mortality may be due to other potential confounding
factors not taken into account; (iii) the choice of the IGF-1 interval
for standardization of IGF-1 categories could be different. However,
considering that previous studies reported a U-shaped relationship
between IGF-1 and mortality, even with a different interval window
(for instance larger) the results of this approach would not change;
(iv) it is not clear which range of IGF-1 below the 120 ng/ml is asso-
ciated with the increased mortality. In fact, these data do not allow
us to determine whether the populations with IGF-1 levels below
120 ng/ml may be heterogeneous and contain both individuals with
high and low mortality risk. Not surprisingly, the heterogeneity test
in the low- vs. mid-range categories of IGF-1 suggests high hetero-
geneity among the populations included. This was not observed in
the mid vs. high comparison.

An additional limitation of the study may be that in seven stud-
ies sick subjects were included, due to cancer, diabetes, and CKD.
However, sick subjects accounted for 15.2% of the total sample
(4706 out of 30,876, see Table 1) and that they had a minor influ-
ence on the final results, as it emerges from the Forest plot (see
Figure 2).

In support of the role of the association between low growth
factors and longevity, animal studies indicate that the longevity
advantage of smaller mammals can be considerable. The longevity
advantage of smaller mammals is strongly supported by studies of
domestic dogs with large differences in adult body size between
dog breeds with smaller size being associated with shorter period of
growth, fewer pups per litter, and longer life (Jimenez, 2016).

An important aspect to take into account is the time at which
IGF-1 is measured. In particular, in mice it has been observed that
GH treatment limited to a few weeks during development show
a significant impact on longevity and related outcome (Sun et al.,
2017) and that late-life targeting of the IGF-1 receptor improves
healthspan and lifespan especially in females (Mao et al., 2018).
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While we recognize this very important limitation, we would like

also to highlight that from an analytic point of view the information
about the time at which IGF-1 is measured is not a specific problem
of our meta-analysis study, but in general of the studies on which our
meta-analysis is based. It is worth mentioning that the age range of
the subjects included in the analysis was 18-108 years and that eight
studies, accounting for 17,538 subjects (56.8% of the total), had a
median age below 60 years. 96% of the subjects had a follow-up pe-
riod of 5 years or more, and more than half of them (52%) had a fol-
low-up of 8 years or more. In addition, similar results were obtained
in the whole sample and in the subjects older than 70 years of age.
In conclusion, by analyzing and comparing different ranges of
IGF-1 in 30,876 subjects, we find that both high and low levels of
IGF-1 increase mortality risk, and for the first time, we identify a
specific mid-range being associated with the lowest mortality
(120-160 ng/ml). Using the NHANES Il survey, we show an asso-
ciation between high intake of animal proteins, carbohydrates, and
milk-based products and IGF-1 levels. These results can point to
diagnostic, nutritional, and pharmacological strategies to optimize

IGF-1 levels and help reduce mortality.

4 | EXPERIMENTAL PROCEDURE

4.1 | Search strategy

A systematic literature search was conducted by two inde-
pendent reviewers (JR and MB) in PubMed/MEDLINE, Scopus,
and Cochrane Library up to September 2019, using a combina-
tion of Mesh terms and keywords (Supporting information p5),
and discrepancies were resolved and confirmed using a third
investigator (HZ).

In order to find more relevant studies, a manual search was done
among the reference lists of retrieved articles. The search was lim-
ited to cohort studies in English language that were carried out in
humans. An email alert service was created and enabled to identify
new articles published after our search. We followed the Meta-
analysis of Observational Studies in Epidemiology (MOOSE) study
guidelines for conducting dose-response meta-analyses and report-

ing results (Supporting information pp 9-10).

4.2 | Selection criteria

The PICOS criteria were used to establish study eligibility. These
PICOS criteria were as follows: patients: general population of adult;
intervention (intervention, prognostic factor, or exposure): IGFs lev-
els; control (control or comparison): risk ratios (RR), hazard ratios
(HR), or odds ratios (OR) of mortality; outcome: mortality; study de-
sign: All types of observational studies. Two authors (JR and MB)
independently reviewed the abstract of all articles in order to se-
lect eligible studies. The two investigators independently reviewed
the full-text of relevant articles. Published studies were eligible for

inclusion in this meta-analysis if they were written in English, had a
prospective cohort design, reported a hazard ratio with 95% Cl for
two or more categories of IGF-1 and were conducted among adults

(age 218 years).

4.3 | Data extraction

Two reviewers (JR and MB) independently extracted the data using
a predefined data extraction form, and discrepancies were dis-
cussed and eventually resolved and confirmed by the third reviewer
(HZ). We extracted the following data from each article: first au-
thor's name, publication year, study location (country), duration of
follow-up in years, sex, age, total population, number of deaths,
IGF-1 categories, covariates adjusted for in the multivariable analy-
sis, and hazard ratios (HR) with their 95% Cls for all categories of
circulating IGF-1. To this purpose, the greatest degree of adjustment
model for potentially confounding variables was taken into account
(Supporting information pp. 6-7).

For each study, the mean circulating IGF-1 for each quantile
was coupled with the corresponding HR. If the mean IGF-1 per
quantile was not reported in the article, the average of upper and
lower boundaries of each quantile was considered as the mean of
that quantile. Likewise, if the total number of people and the num-
ber of deaths per each quantile were not reported in the article, an
email was sent to the corresponding author to request the missing
information. The quality of each article was assessed by Newcastle-

Ottawa Quality Assessment scale (Stang, 2010).

4.4 | Epidemiological diet study

Third national health and nutrition examination survey (NHANES
111, 1988-1994) data were used to investigate the relation between
IGF-1 blood concentration and nutrient intake (Madsen et al., 2019;
United States Department of Health and Human Services. Centers
for Disease Control and Prevention. National Center for Health
Statistics, 1998). Nutrient intake and IGF-1 levels were determined
by a 24-h dietary recall and ELISA, respectively. We used adult data
set whose participants were 30 years old or more. Participants
with missing data in IGF-1 levels, age, gender, and participants with
cancer or diabetes were excluded from data set. Furthermore, we
excluded participants whose total daily energy intake was outside
the credible range (men <800 or >4200 kcal/day, women <600 or
>3500 kcal/day) (Feskanich, 2000).

4.5 | Statistical analyses

Firstly, we used a random-effects model with a restricted maximum
likelihood heterogeneity variance estimator to determine the HR
for the highest vs. lowest category of circulating IGF-1. The het-
erogeneity among studies was estimated by the Cochran Q test
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and I? statistic. Heterogeneity was confirmed with a significance
level <.10. Publication bias was assessed visually with funnel plots
and using Egger’s regression and Begg's rank correlation tests.
Sensitivity analysis was performed to investigate the effect of each
study on overall analysis.

Secondly, dose-response analysis (potential of nonlinear asso-
ciation) was examined by modeling circulating IGF-1 levels using re-
stricted cubic splines with three knots at fixed percentiles (10, 50,
and 90%) of the distribution. A p-value for nonlinearity of the dose-
response meta-analysis was calculated based on the null hypothesis
that the coefficient of the second spline was equal to zero. Thirdly,
since categories defined on percentiles might make difficult to com-
pare associations or effects across studies, we defined an optimal
interval of serum IGF-1 based on dose-response meta-analysis. All
studies with at least one IGF-lintermediate category overlapping
the IGF-1 optimal interval were included in the subgroup analysis.
Conversely, studies availing of open-ended categories encompassing
a broad range of exposure or confounder effects were excluded. For
studies with more than one middle-risk group, we combined the cor-
responding risk estimates with inverse variance weights, obtaining
exactly three risk categories (high, middle, and low) for each study.
For studies in which the reference category was not the middle one,
we used the approach described in Orsini (2010) for recalculating
risk estimates assuming the middle category as reference (Orsini,
2010). Then, we combined the HR across the selected studies by
using a random-effects model with a heterogeneity variance estima-
tor based on restricted maximum likelihood.

Finally, least-square means of serum IGF-1 across quintiles
of dietary variables were estimated by using linear regression
models. A test for linear trend was performed to assess the ef-
fect of dietary categories by scoring the categories according to
their median value and entering the variable as a continuous term
in the ANOVA. Due to their effect on IGF-1 levels, age and gen-
der were used as covariates. In addition, also total energy intake
was included in these models to partially control for error in esti-
mated diet intake. A p-value of <0.05 was considered statistically
significant.

Statistical analyses were performed with STATA software ver-
sion 12 (STATA Corp) and the R package metafor.
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