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IGF-1 levels in the general
population, heart failure
patients, and individuals with
acromegaly: differences and
projections from meta-
analyses—a dual perspective
Yan Hu, Yinling Jiang, Lixia Duan, Songwei Yang,
Subinur Tuniyazi, Jianghua Zou, Rui Ma, Gulina Muhemaitibieke,
Xiayidanguli Amuti and Yanying Guo*

Department of Endocrinology, People’s Hospital of Xinjiang Uygur Autonomous Region, Xinjiang
Clinical Research Center for Diabetes, Urumqi, China
Background: The complex relationship between insulin-like growth factor
1 (IGF-1) levels and heart failure (HF) is not fully understood, particularly across
different populations and conditions. This meta-analysis aims to elucidate the
dual perspectives of IGF-1 levels in the general population, HF patients, and
individuals with treatment-naïve acromegaly, highlighting IGF-1 as a biomarker
and potential therapeutic target in HF management.
Methods: Studies were searched across multiple electronic databases up to
January 2024 and independently identified by reviewers. The outcomes were
analyzed using RevMan 5.4 and STATA 15.
Results: A total of 25 articles were ultimately included in the analysis. Six studies
compared IGF-1 levels between HF patients and non-HF controls, revealing
significantly lower IGF-1 levels in HF patients (mean difference −20.93; 95%
CI −37.88 to −3.97; p= 0.02). This reduction was consistent across various HF
subtypes and severities. In addition, individuals with intermediate IGF-1 levels
had a lower risk of developing HF [risk ratio (RR) 0.78; 95% CI 0.74–0.83;
p < 0.01] and HF-related mortality (RR 0.98; 95% CI 0.97, 0.99; p < 0.01)
compared to those with low IGF-1 levels, suggesting a protective role for
maintaining adequate IGF-1 levels. Conversely, treatment-naïve acromegaly
patients, characterized by excessively high IGF-1 levels, showed a significantly
higher incidence of both diastolic HF [odds ratio (OR) 9.08; 95% CI
6.20–13.29; p < 0.01] and systolic HF (OR 13.1; 95% CI 6.64–25.84; p < 0.01),
implicating supraphysiological IGF-1 levels in adverse cardiac outcomes.
Conclusions: Our meta-analysis highlights the complex interplay between IGF-1
levels and HF. We found that reduced IGF-1 levels are commonly observed in HF
patients and are associated with an increased risk of HF and higher HF-related
mortality. Conversely, excessively high levels, as observed in acromegaly, are
linked to a higher incidence of HF. Based on these results, it is recommended
that cardiac function be closely monitored in patients with reduced IGF-1
levels and in those with acromegaly. These findings suggest that IGF-1 could
hold potential prognostic value for risk stratification in HF.
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1 Introduction

Heart failure (HF) stands as a pervasive global health challenge,

characterized by high morbidity, elevated mortality rates, poor

clinical outcomes, and substantial healthcare costs (1). Depending

on the left ventricular ejection fraction (LVEF) measured during the

initial echocardiography evaluation, HF is categorized into reduced

ejection fraction (HFrEF) and preserved ejection fraction (HFpEF)

(2). The New York Heart Association (NYHA) classifies cardiac

function into four grades (NYHA I, II, III, and IV) according to the

level of activity that precipitates HF symptoms (3). The complexity

of HF pathophysiology involves numerous factors, including

neurohormonal dysregulation, structural heart changes, and

systemic metabolic disturbances (4, 5). One key metabolic regulator

that has garnered attention in recent years is insulin-like growth

factor 1 (IGF-1), a hormone known for its multifaceted roles in

growth, development, and cellular repair processes (6, 7).

IGF-1 is primarily synthesized in the liver in response to growth

hormone (GH) stimulation and acts through the IGF-1 receptor,

which is expressed in various tissues, including the heart (8, 9). The

biological actions of IGF-1 include promoting cell growth, inhibiting

apoptosis, and enhancing metabolic efficiency, all of which are

crucial for maintaining cardiovascular health (9–11). However, the

relationship between circulating IGF-1 levels and HF is complex.

Emerging evidence suggests that IGF-1 plays a pivotal role in

cardiovascular health through its anabolic and anti-apoptotic

properties (12–14). It enhances cardiac contractility, promotes

myocardial cell survival, and facilitates repair mechanisms following

injury (10, 15). Animal studies have demonstrated that IGF-1 can

improve cardiac function and reduce infarct size in models of

myocardial infarction (16). However, the clinical implications of

IGF-1 in human heart disease are not as straightforward. Some

studies suggest that low IGF-1 levels are associated with worse

outcomes in HF (14, 17, 18), while others indicate that high IGF-1

levels, as seen in conditions like acromegaly, might predispose

individuals to HF (19, 20). This highlights the need for a nuanced

exploration of the role of IGF-1 in HF.

This meta-analysis aimed to provide a comprehensive

evaluation of IGF-1 levels in different populations, including the

general population, HF patients, and individuals with treatment-

naïve acromegaly, a condition characterized by excessive GH

secretion and elevated IGF-1 levels. By examining IGF-1 levels in

these distinct groups, our study contributes to the existing body

of knowledge by offering dual perspectives on how IGF-1 (both

deficiency and excess) impacts HF development and progression.

This meta-analysis can help identify IGF-1 as a potential

biomarker for HF risk stratification and a target for therapeutic

interventions, ultimately improving patient outcomes.
2 Methods

2.1 Search strategy

This meta-analysis aimed to compare IGF-1 levels between HF

patients and non-HF controls, across different HF subtypes, and to
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evaluate the prognostic implications of IGF-1 levels in the general

population, HF patients, and treatment-naïve acromegaly patients.

Our meta-analysis adhered to the Meta-analyses of Observational

Studies in Epidemiology (MOOSE) guidelines (21). We searched

for original studies published in English using electronic

databases (PubMed, Embase, Web of Science, Cochrane Library,

the Web of Science, Scopus, and Google Scholar) from their

inception until January 2024. The search strategy combined

MeSH terms and free-text words related to IGF-1, HF, and

acromegaly. Specific search terms included (insulin-like growth

factor I or IGF-1) or (acromegaly or growth hormone-secreting

pituitary adenoma) and (heart failure or heart failure, systolic or

heart failure, diastolic). The search history for PubMed is

presented in Supplementary Table S1.
2.2 Inclusion and exclusion criteria

Two authors independently screened all articles according to

the following inclusion criteria: (i) and (ii), (i) and (iii), or (i) and

(iv). The inclusion criteria included the following: (i) studies with

participants older than 18 years using an epidemiologic study

design (e.g., case–control, cohort study, or nested case–control);

(ii) studies reporting IGF-1 levels between HF patients and

non-HF controls, HFrEF and HFpEF, NYHA grade III–IV and

NYHA grade I–II, or non-survivors and survivors of HF; (iii)

studies providing hazard ratios (HRs), risk ratios (RRs), or

odds ratios (ORs) with 95% confidence intervals (CIs) for HF

or death from HF based on different IGF-1 levels; and (iv)

studies presenting data on the occurrence of diastolic HF,

systolic HF, or left ventricular hypertrophy (LVH) in

treatment-naïve acromegaly patients compared to healthy

controls. If multiple studies were conducted in the same

population, the most recent or most relevant study was selected

for analysis.

Exclusion criteria included the following: (i) studies lacking

sufficient data for synthesis; (ii) review articles, commentaries,

case reports, or letters to the editor; and (iii) non-clinical

human trials.
2.3 Data extraction and quality assessment

Two authors independently selected articles, reviewed full

texts, and extracted data from eligible studies. Disputes were

resolved by a third independent reviewer. Extracted data

included IGF-1 levels in HF patients vs. non-HF controls,

HFrEF vs. HFpEF, NYHA grade III–IV vs. NYHA grade I–II,

and non-survivors vs. survivors of HF. We also collected HRs,

RRs, or ORs with 95% CIs of IGF-1 for HF or death from HF,

as well as the number of diastolic HF, systolic HF, or LVH

cases in treatment-naïve acromegaly patients compared to

healthy controls. Basic study information, including the first

author’s name, publication year, study country, study design,

criteria for HF, number of participants, and mean age, were

recorded. The quality of the included studies was assessed by
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two additional authors according to the Newcastle–Ottawa Scale

(NOS) (22), which awards stars across three domains, namely

selection, comparability, and exposure or outcome, with total

scores indicating low (0–3 stars), medium (4–6 stars), or high

(7–9 stars) quality.
2.4 Statistical analysis

Meta-analysis and forest plots were applied using RevMan

5.4, while sensitivity analysis was performed using STATA

software version 15 (STATA Corp). Continuous variables were

presented as standardized mean difference (SMD) or mean

difference (MD) with a 95% CI. For dichotomous data, ORs

with 95% CIs for each original study were gathered for meta-

analysis using the Mantel–Haenszel model. The summary RR

with 95% CI was calculated to assess the relationship between

circulating IGF-1 levels and the risk of HF or death due to

HF, interpreting risk estimates as risk ratios (RRi) (23). We

computed the natural logarithms of RRs [log (RRi)] with their

corresponding standard errors (si = di/3.92), where di is the log

(upper bound 95% CI of RRi) − log(lower bound 95% CI of

RRi). If the original study used the higher IGF-1 category as

the comparison group, the effective count method described

by Hamling et al. was applied to transform the comparison to
FIGURE 1

Flowchart showing the selection strategy of our current meta-analysis.
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the lower IGF-1 category (24). p < 0.05 was considered

statistically significant.

Heterogeneity was assessed using the chi-square (X2) test and

presented as inconsistency index (I2) values (25). I2 < 50% and

p > 0.1 indicated little heterogeneity among studies, allowing the

use of a fixed-effects model. If heterogeneity (I2 > 50%) was

unexplained and within acceptable limits, a random-effects

model was used (26). Egger’s regression analysis was performed

to explore sources of heterogeneity when more than 10 studies

were included. Subgroup analyses were conducted to identify the

reliability of the meta-analysis, and sensitivity analysis was

performed to examine the influence of individual studies on the

pooled results. Publication bias was evaluated using funnel plots

when more than 10 studies were available (27, 28).
3 Results

3.1 Study identification

A total of 2,145 articles were retrieved from electronic

databases. After removing duplicates, screening titles and

abstracts, and conducting a comprehensive study assessment,

25 articles were ultimately included. The search and

identification procedures are illustrated in Figure 1.
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3.2 Detailed information on the
selected trials

In this meta-analysis, six studies compared IGF-1 levels

between HF patients and non-HF controls (29, 18, 30–33).

Three articles reported HRs or ORs for HF in individuals with

intermediate IGF-1 vs. low IGF-1 levels (34–36), and five

studies reported HRs or RRs for death due to HF in patients

with intermediate IGF-1 vs. low IGF-1 levels (29, 37–40).

Furthermore, three studies compared IGF-1 levels between

HFrEF and HFpEF patients (30, 32, 33), four studies compared

IGF-1 levels between HF patients classified as NYHA grade

III–IV and those classified as NYHA grade I–II (31, 39–41),

and four studies compared IGF-1 levels between non-survivors

and survivors of HF (38, 40, 42, 43). Detailed information is

provided in Table 1. Seven studies reported cases of diastolic

HF in treatment-naïve acromegaly patients and healthy

controls (44–50), 4 studies reported cases of systolic HF in

treatment-naïve acromegaly patients and healthy controls

(47–49, 51), and 10 studies reported cases of LVH in

treatment-naïve acromegaly patients and healthy controls

(44–53). The characteristics of the included studies involving

acromegaly patients and control groups are presented in

Table 2. The quality assessment of eligible studies is presented

in Supplementary Table S2, with 2 articles scoring 9 points, 5

articles scoring 8 points, 10 articles scoring 7 points, and 8

articles scoring 6 points according to the NOS scoring system.
TABLE 1 Main characteristics of the studies included in the meta-analysis of

Reference Study design Country
Andreassen et al. (29) Prospective cohort Denmark HF

Inte

HF

Anker et al. (18) Cross-sectional Germany HF

Barroso et al. (17) Cross-sectional Germany HF

HFr

Broglio et al. (31) Cross-sectional Italy HF

NYH

Faxen et al. (32) Prospective cohort Sweden HF

HFr

Guo et al. (33) Prospective cohort China HF

HFr

Jankowska et al. (39) Prospective cohort Poland NYH

Inte

Petrettak et al. (40) Prospective cohort Italy NYH

HF

Inte

Watanabe et al. (41) Retrospective cohort Japan NYH

Eshak et al. (38) Nested case–control Japan HF

Inte

De Giorgi et al. (42) Prospective cohort Italy HF

Vasan et al. (36) Prospective cohort USA Inte

Jörn Schneider et al. (34) Cross-sectional Germany Inte

Lin et al. (35) Prospective cohort China Inte

Arcopinto et al. (37) Prospective cohort Italy Inte

IGF-1, insulin-like growth factor I; HF, heart failure; HR, hazards ratio; HFrEF, heart failure w

New York Heart Association; RR, risk ratio; OR, odds ratio.
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No studies were excluded due to low quality, indicating that all

studies are of medium or high quality.
3.3 Meta-analysis results

3.3.1 Comparison of IGF-1 levels between HF
patients and non-HF controls, as well as among
different HF subtypes

Six studies compared IGF-1 levels between HF patients and

non-HF controls. The characteristics of both HF patients and

non-HF controls are detailed in Supplementary Table S4.

The circulating IGF-1 level was significantly lower in HF

patients than in non-HF controls (MD −20.93; 95% CI −37.88
to −3.97; p = 0.02). However, heterogeneity was observed

among these studies (I2 = 72%, p = 0.003) (Figure 2 and

Supplementary Table S10).

Subgroup analyses based on study design, publication years,

and IGF-1 detection methods were conducted (Supplementary

Table S3). Cross-sectional studies consistently revealed lower

IGF-1 levels in HF patients compared to non-HF controls

(MD −34.97; 95% CI −55.98 to −13.95; p = 0.001). Studies

published before 2010 also indicated lower IGF-1 levels in HF

patients (MD −27.34; 95% CI −52.2 to −2.48; p = 0.03). Studies

utilizing radioimmunoassay methods demonstrated lower IGF-1

levels in HF patients compared to non-HF controls (MD −36.87;
95% CI −62.18 to −11.57; p = 0.004). Heterogeneity was not
IGF-1 levels and HF.

Comparisons Indicators collected
vs. control IGF-1

rmediate IGF-1 vs. low IGF-1 levels HR for deaths due to HF

non-survivors vs. HF survivors IGF-1

vs. control IGF-1

vs. control IGF-1

EF vs. HFpEF IGF-1

vs. control IGF-1

A grade III–IV vs. NYHA grade I–II IGF-1

vs. control IGF-1

EF vs. HFpEF IGF-1

vs. control IGF-1

EF vs. HFpEF IGF-1

A grade III–IV vs. NYHA grade I–II levels IGF-1

rmediate IGF-1 vs. low IGF-1 levels HR for deaths due to HF

A grade III–IV vs. NYHA grade I–II IGF-1

non-survivors vs. HF survivors IGF-1

rmediate IGF-1 vs. low IGF-1 levels HR for deaths due to HF

A grade III–IV vs. NYHA grade I–II IGF-1

non-survivors vs. HF survivors IGF-1

rmediate IGF-1 vs. low IGF-1 levels RR for deaths due to HF

non-survivors vs. HF survivors IGF-1

rmediate IGF-1 vs. low IGF-1 levels HR for the occurrence of HF

rmediate IGF-1 vs. low IGF-1 levels HR for the occurrence of HF

rmediate IGF-1 vs. low IGF-1 levels HR for the occurrence of HF

rmediate IGF-1 vs. low IGF-1 levels HR for deaths due to HF

ith reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; NYHA,
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TABLE 2 Main characteristics of the studies included in the meta-analysis of acromegaly patients and control groups.

Reference Study design Acromegaly patients Information for acromegaly Controls Diagnostic criteria for acromegaly

Total
N

Age
(years)

Sex
(M)

GH IGF-1 Disease
duration
(years)

Total
N

Age
(years)

Sex
(M)

Berg et al. (52) Case–control 13 54.7 11 NA 5.2 SDS 2.8 65 55.4 55 Serum GH > 1 ng/ml after a 75-g OGTT and elevated serum IGF-1 level, matched for age
and gender (>2 SDS)

Bondanelli et al.
(45)

Cross-sectional 6 32.16 6 18.58 μg/L 828.5 μg/L 4.16 10 30.5 6 Fasting GH levels above 2.5 or 1 μg/L after a 75-g OGTT, in the presence of elevated IGF-1
levels, adjusted for age and gender

Ciulla et al. (47) Cross-sectional 10 39 6 22.1 μg/L 128.2 nmol/
L

NA 10 38 6 Serum GH level > 2.5 μg/L and not suppressible below 1 μg/L after a 75-g OGTT, with
elevated circulating IGF-1 levels (age- and sex-adjusted)

Colao et al. (51) Cross-sectional 25 31.2 12 43.8 μg/L 772 μg/L 5.3 25 30.6 12 GH not suppressible to less than 2 μg/L after a 75-g OGTT, with elevated plasma IGF-1
levels, adjusted for age

Colao et al. (48) Case–control 205 47 108 52.1 μg/L 2.5 UIN 9.25 410 46 216 Fasting GH levels above 2.5 or 1 μg/L after a 75-g OGTT, in the presence of elevated IGF-1
levels, adjusted for age and gender

Damjanovic et al.
(49)

Cross-sectional 102 49.1 44 17.15 μg/L 882.6 μg/L 9.1 33 44.7 13 Elevated basal levels of GH and IGF-1 and non-suppressibility of GH during an OGTT

Vitale et al. (53) Cross-sectional 97 45.8 44 101.1 mU/
L

656.6 μg/L 11.3 97 46.6 44 High serum GH levels measured over 6 h, which were not suppressible below 3 mU/L after
a 75-g OGTT, and high plasma IGF-1 levels, adjusted for sex and age

Cansu et al. (46) Cross-sectional 53 45 21 2.16 ng/ml 285 ng/ml 6.7 22 47 11 Randomly measured GH level > 1 ng/ml and age- and sex-adjusted IGF-1 levels above the
normal range

Akdeniz et al. (44) Cross-sectional 42 50.3 15 454.7 ng/ml 46 30 51.9 11 High age-adjusted serum IGF-1 levels and lack of suppression of GH to less than 1 ng/ml
after a 75-g OGTT

Kırış et al. (50) Cross-sectional 30 46.4 12 61.6 ng/ml 709.5 ng/ml 30 44.3 17 Typical clinical signs and symptoms, random GH > 1 ng/ml, nadir GH > 0.4 ng/ml after
75 g OGTT, and elevated age-adjusted IGF-1 levels above the normal range

GH, growth hormone; IGF-1, insulin-like growth factor I; OGTT, oral glucose tolerance test; SDS, standard deviation score; ULN, upper limit of normal.
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FIGURE 2

Comparison of IGF-1 levels between HF patients and non-HF controls (A), RR for HF in patients with intermediate IGF-1 vs. low IGF-1 levels (B), and RR
for mortality due to HF in patients with intermediate IGF-1 vs. low IGF-1 levels (C).
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significant in prospective studies (I2 = 0%, p = 0.95), while it was

significant in retrospective studies (I2 = 69%, p < 0.01). Higher

heterogeneity was observed in studies published before 2010

(85%, p = 0.03) compared to those published after 2010 (0%,

p = 0.40). Studies using radioimmunoassay methods showed

significant heterogeneity (69%, p < 0.01), whereas those using

ELISA did not (0%, p = 0.63). Sensitivity analysis indicated

that no individual study significantly influenced the pooled

MDs, suggesting that the results are robust and credible

(Supplementary Figure S1A).

IGF-1 levels were lower in patients with HFrEF compared to

those with HFpEF, but the difference was not statistically

significant (MD −6.93; 95% CI −25.93 to 12.08; p = 0.47)

(Supplementary Table S5 and Figure S2). Patients with HF

classified as NYHA grade III–IV exhibited lower IGF-1 levels

than those classified as NYHA grade I–II (MD −6.66; 95%

CI −10.6 to −2.72; p < 0.01) (Supplementary Table S6 and

Figure S2). IGF-1 levels were significantly lower in HF patients

who did not survive compared to those who did (MD −11.68;
95% CI −21.55 to −1.81; p = 0.02) (Supplementary Table S7

and Figure S2).
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3.3.2 RR for HF in individuals with intermediate
IGF-1 vs. low IGF-1 levels

The forest plot combining data from three studies demonstrated

a summary RR of 0.78 (95% CI 0.74–0.83; p < 0.01) (Supplementary

Table S8 and Figure 2). Individuals with intermediate IGF-1 levels

showed a lower risk of developing HF compared to those with low

IGF-1 levels. No significant heterogeneity was found between

studies (I2 = 20%, p < 0.01). Sensitivity analysis indicated that no

individual study significantly influenced the pooled RRs, suggesting

that the results are robust and credible (Figure S1B).

3.3.3 RR for death due to HF in patients with
intermediate IGF-1 vs. low IGF-1 levels

Five studies assessed the RR between IGF-1 concentrations and

the risk of death due to HF. Combined data showed that patients

with intermediate IGF-1 levels had a lower risk of mortality due

to HF compared to those with low IGF-1 levels (RR 0.98; 95%

CI 0.97–0.99; p < 0.01) (Table S9 and Figure 2). No significant

heterogeneity was observed (I2 = 45%, p = 0.12). Sensitivity

analysis confirmed that no single study significantly influenced

the results (Supplementary Figure S1C).
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3.3.4 Risk of developing diastolic HF in patients
with treatment-naïve acromegaly

Seven studies, involving a total of 902 individuals, were analyzed.

Pooled results demonstrated an overall OR in treatment-naïve

acromegaly patients vs. controls (OR 9.08; 95% CI 6.20–13.29;

p < 0.01) (Table 2 and Figure 3). Patients with treatment-naïve

acromegaly had an 8.08-fold increase in the odds of experiencing

HF compared to the control group. No significant heterogeneity

was found among the studies (I2 = 22% p = 0.27). Sensitivity

analysis demonstrated the robustness of these findings (Figure S1D).

3.3.5 Risk of developing systolic HF in treatment-
naïve acromegaly patients

Pooled findings from the fixed-effects model indicated a

significant difference in OR for HF between treatment-naïve

acromegaly patients and the control group (OR 13.1; 95%

CI 6.64–25.84; p < 0.01) (Table 2 and Figure 3). No significant

heterogeneity was detected (I2 = 0%, p = 0.86), and sensitivity analysis

confirmed the stability of these results (Supplementary Figure S1E).

In addition, pooled findings from the fixed-effects model indicated a

significant difference in OR for LVH between treatment-naïve

acromegaly patients and the control group (OR 24.65; 95%

CI 17.06–35.60; p < 0.01) (Table 2 and Supplementary Figure S3).

Heterogeneity was minimal (I2 = 0%, p = 0.60), and sensitivity

analysis validated the findings (Supplementary Figure S1F).
4 Discussion

Our meta-analysis provides a comprehensive evaluation of the

complex relationship between IGF-1 levels and HF by examining
FIGURE 3

Forest plots depicting the risk of developing HF: diastolic HF (A) and systoli
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data from the general population, HF patients, and individuals

with treatment-naïve acromegaly. Several intriguing findings

warrant further exploration. Patients with HF exhibit lower

IGF-1 levels compared to healthy individuals. Reduced IGF-1

levels are associated with an increased risk of HF and higher

HF-related mortality, while excessively high levels, as seen in

acromegaly, are linked to a higher incidence of HF.
4.1 Lower IGF-1 levels in HF patients

The etiologies of HF are complex, with persistent concerns

regarding neurohormonal abnormalities (54, 55). A key finding

from our meta-analysis is that HF patients exhibit significantly

lower IGF-1 levels than non-HF controls. This reduction in IGF-

1 levels was consistent across various subgroups, including

patients with different HF subtypes (HFrEF vs. HFpEF) and

varying degrees of severity (NYHA grade III–IV vs. NYHA grade

I–II). These findings suggest an association between the degree of

IGF-1 deficiency and the severity of HF. The lower IGF-1 levels

observed in HF patients align with previous studies, which

suggest that IGF-1 deficiency is associated with adverse

cardiovascular outcomes (32, 56). IGF-1 plays a critical role in

myocardial function due to its anabolic and anti-apoptotic

properties (12, 13, 57). It promotes cardiomyocyte growth,

inhibits apoptosis, and enhances metabolic efficiency, all of

which are essential for maintaining myocardial integrity and

function (9, 58, 59). The reduced IGF-1 levels observed in HF

patients may reflect an impaired capacity for myocardial repair

and regeneration, contributing to disease progression and

increased mortality risk. Our analysis showed that non-survivors
c HF (B) were observed in patients with treatment-naïve acromegaly.
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of HF had significantly lower IGF-1 levels compared to survivors,

underscoring the potential prognostic value of IGF-1 in

predicting outcomes for HF patients.

The heterogeneity observed in the studies comparing IGF-1

levels between HF patients and non-HF controls likely stems from

variations in factors such as study design, publication year, and

IGF-1 detection methods. For instance, cross-sectional studies,

older studies, and those utilizing radioimmunoassay methods

tended to report lower IGF-1 levels in HF patients. These

differences highlight the need for standardized methodologies in

future research to enable more consistent comparisons. Differences

in the etiology of HF between the original study populations are

also a possible source of heterogeneity. Cittadini et al. found that

growth hormone deficiency (GHD) may be a major cause of HF

in patients with non-ischemic HF (57). Unfortunately, we were

not able to obtain data on the etiology of HF in each of the

original studies included in this meta-analysis. Follow-up studies

could investigate whether there are differences in IGF-1 levels in

HF according to etiology.
4.2 Protective role of intermediate IGF-1
levels

Another significant aspect of our meta-analysis was examining

the relationship between the risk of developing HF and IGF-1

levels. The data indicated that individuals with intermediate IGF-

1 levels had a lower risk of developing HF compared to those

with low IGF-1 levels. This finding suggests a protective role for

maintaining adequate IGF-1 levels in preventing HF onset. IGF-

1’s beneficial effects on cardiac function, including enhancing

contractility, promoting cell survival, and reducing apoptosis,

may contribute to this protective effect (60, 61). IGF-1 could

serve as a valuable biomarker for stratifying HF patients based

on mortality risk, thereby guiding therapeutic decision-making.
4.3 IGF-1 levels and mortality in HF patients

Our meta-analysis also explored the relationship between IGF-

1 levels and mortality in HF patients. The results showed that

patients with intermediate IGF-1 levels had a lower risk of

HF-related mortality compared to those with low IGF-1 levels.

This finding underscores the potential prognostic value of IGF-1

in HF, suggesting that maintaining or restoring adequate IGF-1

levels could improve survival outcomes.

Physiological levels of IGF-1 play a crucial role in maintaining

mitochondrial function and contractility of cardiomyocytes, which

are mechanistically linked to HF and its severity (62). First, IGF-1

deficiency impairs mitochondrial function, reducing adenosine

triphosphate (ATP) production and increasing reactive oxygen

species (ROS), leading to cardiomyocyte apoptosis and

contractile dysfunction, which exacerbates HF severity (63, 64).

Second, low IGF-1 levels reduce nitric oxide production, increase

inflammation, and contribute to endothelial dysfunction, leading to
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heightened vascular resistance, hypertension, atherosclerosis, and a

worsened HF prognosis (65). Third, IGF-1 activates PI3K/Akt

pathways, which inhibits apoptosis. IGF-1 deficiency downregulates

these pathways, increasing cardiomyocyte apoptosis and loss,

further aggravating HF prognosis (8).
4.4 IGF-1 and acromegaly: implications for
HF risk

Acromegaly, characterized by excessive GH secretion and

elevated IGF-1 levels, offers a unique context for examining the

effects of high IGF-1 levels on HF risk. Our meta-analysis

revealed that treatment-naïve acromegaly patients had a

significantly higher incidence of diastolic HF, systolic HF, and

LVH compared to healthy controls. International research,

including studies involving patients with acromegaly from

multiple countries, also demonstrated an increased incidence of

HF, which correlated with IGF-1 levels (46, 66). Significantly,

overt HF is an indicator of poor prognosis in acromegaly (67),

and the condition is linked to higher mortality rates when

hormone levels are not effectively managed (68).

These findings highlight the potential detrimental effects of

supraphysiological IGF-1 levels on cardiac function. The

pathophysiological mechanisms underlying these observations

likely involve IGF-1’s role in promoting cardiac hypertrophy and

fibrosis. Excessive IGF-1 can induce cardiomyocyte hypertrophy

and increase wall thickness. This hypertrophy and subsequent

fibrosis impair diastolic function, contributing to HF. Excess

IGF-1 causes smooth muscle proliferation and arterial stiffness,

leading to increased peripheral resistance and exacerbated HF (46).
4.5 Clinical implications

The paradoxical effect of IGF-1 underscores the complexity of

its role in HF, where both deficiency and excess can lead to adverse

outcomes. In line with our research, a comprehensive population-

based prospective study demonstrated that individuals with both

the lowest and highest levels of circulating IGF-1 had an

elevated risk of mortality (69). The clinical implications of our

findings are significant: monitoring IGF-1 levels in HF patients

could provide valuable prognostic information and help guide

therapeutic interventions. For patients with low IGF-1 levels,

strategies to restore IGF-1 to intermediate levels might be

beneficial. Conversely, managing IGF-1 levels in individuals with

acromegaly could be crucial for preventing cardiac complications.

This could involve the use of somatostatin analogs or GH receptor

antagonists to reduce IGF-1 levels and mitigate the risk of HF.

Despite these insights, our meta-analysis has several

limitations. First, heterogeneity in IGF-1 levels was observed

between HF patients and non-HF controls, which may limit

the generalizability of our results. Second, studies related to

acromegaly had small sample sizes, which could be considered

a limitation. Despite this, the quality of these studies was high,
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with low heterogeneity, as determined by the NOS. Given that

acromegaly is a rare disease, it is challenging to conduct large-

scale studies. Future multi-center studies may help address the

issue of limited sample sizes. Third, the limited number of

original studies included in this meta-analysis underscores the

need for additional research in this area. Future research

should focus on longitudinal studies to establish causal links

between IGF-1 levels and HF. Efforts to investigate the

potential dose–response correlation between IGF-1 levels and

HF could provide more comprehensive insights into the role of

IGF-1 in HF.
5 Conclusion

In summary, this meta-analysis underscores the complex

relationship between IGF-1 levels and HF. Reduced IGF-1 levels

are commonly observed in HF patients and are associated with

an increased risk of HF and higher HF-related mortality.

Conversely, excessively high IGF-1 levels, as seen in acromegaly,

are linked to a higher incidence of HF. These findings emphasize

the importance of maintaining optimal IGF-1 levels for

cardiovascular health. It is recommended that echocardiography

be routinely conducted for patients with reduced IGF-1 levels

and those with acromegaly to assess for any structural and

functional cardiac impairments. Identifying IGF-1 as a potential

biomarker for HF risk stratification and a target for therapeutic

interventions could ultimately improve patient outcomes.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

YH: Conceptualization, Formal Analysis, Investigation,

Methodology, Writing – original draft. YJ: Conceptualization,

Investigation, Writing – original draft. LD: Data curation,

Writing – original draft. SY: Methodology, Software, Validation,
Frontiers in Cardiovascular Medicine 09
Writing – original draft. ST: Formal Analysis, Writing – original

draft. JZ: Validation, Writing – original draft. RM: Resources,

Writing – original draft. GM: Visualization, Writing – original

draft. XA: Data curation, Writing – original draft. YG:

Conceptualization, Methodology, Project administration,

Supervision, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

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

The authors thank all the authors of the reviewed studies
included in this meta-analysis who contributed by sharing the
relevant data on request.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1379257/full#supplementary-material
References
1. Becher PM, Lund LH, Coats AJS, Savarese G. An update on global epidemiology
in heart failure. Eur Heart J. (2022) 43:3005–7. doi: 10.1093/eurheartj/ehac248

2. Lam CSP, Solomon SD. Classification of heart failure according to ejection
fraction: JACC review topic of the week. J Am Coll Cardiol. (2021) 77:3217–25.
doi: 10.1016/j.jacc.2021.04.070

3. Yang P, Dai T, Liu B, Huang L, Yin J, Zhao F, et al. The predictive value of NGF,
TMAO, SIRT1 and ApoA1 in patients with ischemic heart failure. Altern Ther Health
Med. (2023) 30:234.

4. Larson K, Omar M, Sorimachi H, Omote K, Alogna A, Popovic D, et al. Clinical
phenogroup diversity and multiplicity: impact on mechanisms of exercise intolerance
in heart failure with preserved ejection fraction. Eur J Heart Fail. (2024) 26:564–77.
doi: 10.1002/ejhf.3105

5. Zhou S, Liu Y, Huang X, Wu C, Porszasz R. Omecamtiv mecarbil in the treatment
of heart failure: the past, the present, and the future. Front Cardiovasc Med. (2024)
11:1337154. doi: 10.3389/fcvm.2024.1337154

6. Yu F, Gong D, Yan D, Wang H, Witman N, Lu Y, et al. Enhanced adipose-derived
stem cells with IGF-1-modified mRNA promote wound healing following corneal
injury. Mol Ther. (2023) 31:2454–71. doi: 10.1016/j.ymthe.2023.05.002

7. Zhao Q, Zhang M, Chu Y, Ji B, Pan H, Sun H, et al. Association between insulin-
like growth factor-1 and relative skeletal maturation: a retrospective cohort study of
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1379257/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1379257/full#supplementary-material
https://doi.org/10.1093/eurheartj/ehac248
https://doi.org/10.1016/j.jacc.2021.04.070
https://doi.org/10.1002/ejhf.3105
https://doi.org/10.3389/fcvm.2024.1337154
https://doi.org/10.1016/j.ymthe.2023.05.002
https://doi.org/10.3389/fcvm.2024.1379257
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Hu et al. 10.3389/fcvm.2024.1379257
short children and adolescents. Biomed Res Int. (2020) 2020:8052143. doi: 10.1155/
2020/8052143

8. Al-Samerria S, Radovick S. Exploring the therapeutic potential of targeting
GH and IGF-1 in the management of obesity: insights from the interplay
between these hormones and metabolism. Int J Mol Sci. (2023) 24:9556. doi: 10.
3390/ijms24119556

9. Maki RG. Small is beautiful: insulin-like growth factors and their role in growth,
development, and cancer. J Clin Oncol. (2010) 28:4985–95. doi: 10.1200/JCO.2009.27.
5040

10. Iekushi K, Seeger F, Assmus B, Zeiher AM, Dimmeler S. Regulation of cardiac
microRNAs by bone marrow mononuclear cell therapy in myocardial infarction.
Circulation. (2012) 125:1765–73. doi: 10.1161/CIRCULATIONAHA.111.079699

11. Akbar AY, Cui ZY, Hsu CJ, Li YZ, Rahman FF, Xia C, et al. Anti-apoptotic and
anti-fibrotic efficacy of exercise training in hypertensive hearts: a systematic review.
Front Cardiovasc Med. (2023) 10:1138705. doi: 10.3389/fcvm.2023.1138705

12. Cittadini A, Marra AM, Arcopinto M, Bobbio E, Salzano A, Sirico D, et al.
Growth hormone replacement delays the progression of chronic heart failure
combined with growth hormone deficiency: an extension of a randomized
controlled single-blind study. JACC Heart Fail. (2013) 1:325–30. doi: 10.1016/j.jchf.
2013.04.003

13. Bilbao A, Escobar A, Garcia-Perez L, Navarro G, Quiros R. The Minnesota living
with heart failure questionnaire: comparison of different factor structures. Health Qual
Life Outcomes. (2016) 14:23. doi: 10.1186/s12955-016-0425-7

14. Wang W, Yu K, Zhao SY, Mo DG, Liu JH, Han LJ, et al. The impact of circulating
IGF-1 and IGFBP-2 on cardiovascular prognosis in patients with acute coronary
syndrome. Front Cardiovasc Med. (2023) 10:1126093. doi: 10.3389/fcvm.2023.1126093

15. Sun H, Kerfant BG, Zhao D, Trivieri MG, Oudit GY, Penninger JM, et al.
Insulin-like growth factor-1 and PTEN deletion enhance cardiac L-type Ca2+

currents via increased PI3Kα/PKB signaling. Circ Res. (2006) 98:1390–7. doi: 10.
1161/01.RES.0000223321.34482.8c

16. Tan Y, Feng P, Feng L, Shi L, Song Y, Yang J, et al. Low-dose exercise protects
the heart against established myocardial infarction via IGF-1-upregulated CTRP9 in
male mice. MedComm. (2023) 4:e411. doi: 10.1002/mco2.411

17. Barroso MC, Kramer F, Greene SJ, Scheyer D, Kohler T, Karoff M, et al. Serum
insulin-like growth factor-1 and its binding protein-7: potential novel biomarkers for
heart failure with preserved ejection fraction. BMC Cardiovasc Disord. (2016) 16:199.
doi: 10.1186/s12872-016-0376-2

18. Anker SD, Volterrani M, Pflaum CD, Strasburger CJ, Osterziel KJ, Doehner W,
et al. Acquired growth hormone resistance in patients with chronic heart failure:
implications for therapy with growth hormone. J Am Coll Cardiol. (2001)
38:443–52. doi: 10.1016/S0735-1097(01)01385-7

19. Hong S, Kim KS, Han K, Park CY. Acromegaly and cardiovascular outcomes: a
cohort study. Eur Heart J. (2022) 43:1491–9. doi: 10.1093/eurheartj/ehab822

20. Park KH, Lee EJ, Seo GH, Ku CR. Risk for acromegaly-related comorbidities by
sex in Korean acromegaly. J Clin Endocrinol Metab. (2020) 105:e1815–26. doi: 10.
1210/clinem/dgz317

21. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-analysis of observational studies in epidemiology: a proposal for reporting.
Meta-analysis of observational studies in epidemiology (MOOSE) group. JAMA.
(2000) 283:2008–12. doi: 10.1001/jama.283.15.2008

22. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010)
25:603–5. doi: 10.1007/s10654-010-9491-z

23. Zhang J, Yu KF. What’s the relative risk? A method of correcting the odds ratio
in cohort studies of common outcomes. JAMA. (1998) 280:1690–1. doi: 10.1001/jama.
280.19.1690

24. Hamling J, Lee P, Weitkunat R, Ambuhl M. Facilitating meta-analyses by
deriving relative effect and precision estimates for alternative comparisons from a
set of estimates presented by exposure level or disease category. Stat Med. (2008)
27:954–70. doi: 10.1002/sim.3013

25. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. (2002) 21:1539–58. doi: 10.1002/sim.1186

26. Borenstein M, Higgins JP, Hedges LV, Rothstein HR. Basics of meta-analysis: I2

is not an absolute measure of heterogeneity. Res Synth Methods. (2017) 8:5–18. doi: 10.
1002/jrsm.1230

27. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. Br Med J. (1997) 315:629–34. doi: 10.1136/bmj.315.7109.629

28. Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al.
Recommendations for examining and interpreting funnel plot asymmetry in meta-
analyses of randomised controlled trials. Br Med J. (2011) 343:d4002. doi: 10.1136/
bmj.d4002

29. Andreassen M, Kistorp C, Raymond I, Hildebrandt P, Gustafsson F, Kristensen
LO, et al. Plasma insulin-like growth factor I as predictor of progression and all cause
mortality in chronic heart failure. Growth Horm IGF Res. (2009) 19:486–90. doi: 10.
1016/j.ghir.2009.03.003
Frontiers in Cardiovascular Medicine 10
30. Barroso MC, Kramer F, Greene SJ, Scheyer D, Köhler T, Karoff M, et al. Serum
insulin-like growth factor-1 and its binding protein-7: potential novel biomarkers for
heart failure with preserved ejection fraction. BMC Cardiovasc Disord. (2016) 16:1–9.
doi: 10.1186/s12872-016-0376-2

31. Broglio F, Fubini A, Morello M, Arvat E, Aimaretti G, Gianotti L, et al. Activity
of GH/IGF-I axis in patients with dilated cardiomyopathy. Clin Endocrinol (Oxf).
(1999) 50:417–30. doi: 10.1046/j.1365-2265.1999.00696.x

32. Faxen UL, Hage C, Benson L, Zabarovskaja S, Andreasson A, Donal E, et al.
HFpEF and HFrEF display different phenotypes as assessed by IGF-1 and IGFBP-1.
J Card Fail. (2017) 23:293–303. doi: 10.1016/j.cardfail.2016.06.008

33. Guo SH, Gong MQ, Tse G, Li GP, Chen KY, Liu T. The value of IGF-1 and
IGFBP-1 in patients with heart failure with reduced, mid-range, and preserved
ejection fraction. Front Cardiovasc Med. (2022) 8:772105. doi: 10.3389/fcvm.2021.
772105

34. Jörn Schneider H, Klotsche J, Saller B, Böhler S, Sievers C, Pittrow D, et al.
Associations of age-dependent IGF-I SDS with cardiovascular diseases and risk
conditions: cross-sectional study in 6773 primary care patients. Eur J Endocrinol.
(2008) 158:153–61. doi: 10.1530/EJE-07-0600

35. Lin J, Yang L, Huang J, Liu Y, Lei X, Chen R, et al. Insulin-like growth factor 1
and risk of cardiovascular disease: results from the UK biobank cohort study. J Clin
Endocrinol Metab. (2023) 108:e850–60. doi: 10.1210/clinem/dgad105

36. Vasan RS, Sullivan LM, D’Agostino RB, Roubenoff R, Harris T, Sawyer DB, et al.
Serum insulin-like growth factor I and risk for heart failure in elderly individuals
without a previous myocardial infarction: the Framingham Heart Study. Ann Intern
Med. (2003) 139:642–8. doi: 10.7326/0003-4819-139-8-200310210-00007

37. Arcopinto M, Isgaard J, Marra AM, Formisano P, Bossone E, Vriz O, 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) 176:1006–8.
doi: 10.1016/j.ijcard.2014.07.003

38. Eshak ES, Maruyama K, Iso H, Tamakoshi A. The prospective association between
plasma concentrations of cellular growth factors and risk of heart failure mortality in
Japanese population. J Epidemiol. (2019) 29:104–9. doi: 10.2188/jea.JE20170123

39. Jankowska EA, Biel B, Majda J, Szklarska A, Lopuszanska M, Medras M, et al.
Anabolic deficiency in men with chronic heart failure: prevalence and detrimental
impact on survival. Circulation. (2006) 114:1829–37. doi: 10.1161/
CIRCULATIONAHA.106.649426

40. Petretta M, Colao A, Sardu C, Scopacasa F, Marzullo P, Pivonello R, et al. NT-
proBNP, IGF-I and survival in patients with chronic heart failure. Growth Horm IGF
Res. (2007) 17:288–96. doi: 10.1016/j.ghir.2007.01.020

41. Watanabe S, Tamura T, Ono K, Horiuchi H, Kimura T, Kita T, et al. Insulin-like
growth factor axis (insulin-like growth factor-I/insulin-like growth factor-binding
protein-3) as a prognostic predictor of heart failure: association with adiponectin.
Eur J Heart Fail. (2010) 12:1214–22. doi: 10.1093/eurjhf/hfq166

42. De Giorgi A, Marra AM, Iacoviello M, Triggiani V, Rengo G, Cacciatore F, et al.
Insulin-like growth factor-1 (IGF-1) as predictor of cardiovascular mortality in heart
failure patients: data from the T.O.S.CA. Registry. Intern Emerg Med. (2022)
17:1651–60. doi: 10.1007/s11739-022-02980-4

43. Bhandari SS, Narayan H, Jones DJ, Suzuki T, Struck J, Bergmann A, et al. Plasma
growth hormone is a strong predictor of risk at 1 year in acute heart failure. Eur
J Heart Fail. (2016) 18:281–9. doi: 10.1002/ejhf.459

44. Akdeniz B, Gedik A, Turan O, Ozpelit E, Ikiz AO, Itil O, et al. Evaluation of left
ventricular diastolic function according to new criteria and determinants in
acromegaly. Int Heart J. (2012) 53:299–305. doi: 10.1536/ihj.53.299

45. Bondanelli M, Bonadonna S, Ambrosio MR, Doga M, Gola M, Onofri A, et al.
Cardiac and metabolic effects of chronic growth hormone and insulin-like growth
factor I excess in young adults with pituitary gigantism. Metab Clin Exp. (2005)
54:1174–80. doi: 10.1016/j.metabol.2005.03.025

46. Cansu GB, Yilmaz N, Yanikoglu A, Ozdem S, Yildirim AB, Suleymanlar G, et al.
Assessment of diastolic dysfunction, arterial stiffness, and carotid intima-media
thickness in patients with acromegaly. Endocr Pract. (2017) 23:536–45. doi: 10.4158/
EP161637.OR

47. Ciulla M, Arosio M, Barelli MV, Paliotti R, Porretti S, Valentini P, et al. Blood
pressure-independent cardiac hypertrophy in acromegalic patients. J Hypertens. (1999)
17:1965–9. doi: 10.1097/00004872-199917121-00028

48. Colao A, Pivonello R, Grasso LF, Auriemma RS, Galdiero M, Savastano S, et al.
Determinants of cardiac disease in newly diagnosed patients with acromegaly: results of
a 10 year survey study. Eur J Endocrinol. (2011) 165:713–21. doi: 10.1530/EJE-11-0408

49. Damjanovic SS, Neskovic AN, Petakov MS. High output heart failure in patients
with newly diagnosed acromegaly. ACC Curr J Rev. (2002) 11:51–2. doi: 10.1016/
S1062-1458(02)00803-6

50. Kırış A, Erem C, Turan OE, Civan N, Kırış G, Nuhoğlu İ, et al. Left ventricular
synchronicity is impaired in patients with active acromegaly. Endocrine. (2013)
44:200–6. doi: 10.1007/s12020-012-9859-9

51. Colao A, Spinelli L, Cuocolo A, Spiezia S, Pivonello R, di Somma C, et al.
Cardiovascular consequences of early-onset growth hormone excess. J Clin
Endocrinol Metab. (2002) 87:3097–104. doi: 10.1210/jcem.87.7.8573
frontiersin.org

https://doi.org/10.1155/2020/8052143
https://doi.org/10.1155/2020/8052143
https://doi.org/10.3390/ijms24119556
https://doi.org/10.3390/ijms24119556
https://doi.org/10.1200/JCO.2009.27.5040
https://doi.org/10.1200/JCO.2009.27.5040
https://doi.org/10.1161/CIRCULATIONAHA.111.079699
https://doi.org/10.3389/fcvm.2023.1138705
https://doi.org/10.1016/j.jchf.2013.04.003
https://doi.org/10.1016/j.jchf.2013.04.003
https://doi.org/10.1186/s12955-016-0425-7
https://doi.org/10.3389/fcvm.2023.1126093
https://doi.org/10.1161/01.RES.0000223321.34482.8c
https://doi.org/10.1161/01.RES.0000223321.34482.8c
https://doi.org/10.1002/mco2.411
https://doi.org/10.1186/s12872-016-0376-2
https://doi.org/10.1016/S0735-1097(01)01385-7
https://doi.org/10.1093/eurheartj/ehab822
https://doi.org/10.1210/clinem/dgz317
https://doi.org/10.1210/clinem/dgz317
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1001/jama.280.19.1690
https://doi.org/10.1001/jama.280.19.1690
https://doi.org/10.1002/sim.3013
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/jrsm.1230
https://doi.org/10.1002/jrsm.1230
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1016/j.ghir.2009.03.003
https://doi.org/10.1016/j.ghir.2009.03.003
https://doi.org/10.1186/s12872-016-0376-2
https://doi.org/10.1046/j.1365-2265.1999.00696.x
https://doi.org/10.1016/j.cardfail.2016.06.008
https://doi.org/10.3389/fcvm.2021.772105
https://doi.org/10.3389/fcvm.2021.772105
https://doi.org/10.1530/EJE-07-0600
https://doi.org/10.1210/clinem/dgad105
https://doi.org/10.7326/0003-4819-139-8-200310210-00007
https://doi.org/10.1016/j.ijcard.2014.07.003
https://doi.org/10.2188/jea.JE20170123
https://doi.org/10.1161/CIRCULATIONAHA.106.649426
https://doi.org/10.1161/CIRCULATIONAHA.106.649426
https://doi.org/10.1016/j.ghir.2007.01.020
https://doi.org/10.1093/eurjhf/hfq166
https://doi.org/10.1007/s11739-022-02980-4
https://doi.org/10.1002/ejhf.459
https://doi.org/10.1536/ihj.53.299
https://doi.org/10.1016/j.metabol.2005.03.025
https://doi.org/10.4158/EP161637.OR
https://doi.org/10.4158/EP161637.OR
https://doi.org/10.1097/00004872-199917121-00028
https://doi.org/10.1530/EJE-11-0408
https://doi.org/10.1016/S1062-1458(02)00803-6
https://doi.org/10.1016/S1062-1458(02)00803-6
https://doi.org/10.1007/s12020-012-9859-9
https://doi.org/10.1210/jcem.87.7.8573
https://doi.org/10.3389/fcvm.2024.1379257
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Hu et al. 10.3389/fcvm.2024.1379257
52. Berg C, Petersenn S,WalensiM,Mohlenkamp S, BauerM, LehmannN, et al. Cardiac
risk in patients with treatment naive, first-line medically controlled and first-line surgically
cured acromegaly in comparison to matched data from the general population. Exp Clin
Endocrinol Diabetes. (2013) 121:125–32. doi: 10.1055/s-0033-1336743

53. Vitale G, Galderisi M, Pivonello R, Spinelli L, Ciccarelli A, de Divitiis O, et al.
Prevalence and determinants of left ventricular hypertrophy in acromegaly: impact
of different methods of indexing left ventricular mass. Clin Endocrinol (Oxf). (2004)
60:343–9. doi: 10.1111/j.1365-2265.2004.01985.x

54. McDowell K, Adamson C, Jackson C, Campbell R, Welsh P, Petrie MC, et al.
Neuropeptide Y is elevated in heart failure and is an independent predictor of
outcomes. Eur J Heart Fail. (2023) 26(1):107–16. doi: 10.1002/ejhf.3085

55. Karwi QG, Uddin GM, Ho KL, Lopaschuk GD. Loss of metabolic flexibility in
the failing heart. Front Cardiovasc Med. (2018) 5:68. doi: 10.3389/fcvm.2018.00068

56. Guo S, Gong M, Tse G, Li G, Chen KY, Liu T. The value of IGF-1 and IGFBP-1
in patients with heart failure with reduced, mid-range, and preserved ejection fraction.
Front Cardiovasc Med. (2021) 8:772105. doi: 10.3389/fcvm.2021.772105

57. Cittadini A, Saldamarco L, Marra AM, Arcopinto M, Carlomagno G, Imbriaco
M, et al. Growth hormone deficiency in patients with chronic heart failure and
beneficial effects of its correction. J Clin Endocrinol Metab. (2009) 94:3329–36.
doi: 10.1210/jc.2009-0533

58. Ungvari Z, Csiszar A. The emerging role of IGF-1 deficiency in cardiovascular
aging: recent advances. J Gerontol A Biol Sci Med Sci. (2012) 67A:599–610. doi: 10.
1093/gerona/gls072

59. Wang WE, Yang D, Li L, Wang W, Peng Y, Chen C, et al. Prolyl hydroxylase
domain protein 2 silencing enhances the survival and paracrine function of
transplanted adipose-derived stem cells in infarcted myocardium. Circ Res. (2013)
113:288–300. doi: 10.1161/CIRCRESAHA.113.300929

60. Cittadini A, SalzanoA, IacovielloM,TriggianiV, RengoG,Cacciatore F, et al.Multiple
hormonal and metabolic deficiency syndrome predicts outcome in heart failure: the
T.O.S.CA. Registry. Eur J Prev Cardiol. (2021) 28:1691–700. doi: 10.1093/eurjpc/zwab020
Frontiers in Cardiovascular Medicine 11
61. Magnussen C, Blankenberg S. Biomarkers for heart failure: small molecules with
high clinical relevance. J Intern Med. (2018) 283:530–43. doi: 10.1111/joim.12756

62. Zhang A, Liu Y, Pan J, Pontanari F, Chia-Hao Chang A, Wang H, et al.
Delivery of mitochondria confers cardioprotection through mitochondria
replenishment and metabolic compliance. Mol Ther. (2023) 31:1468–79. doi: 10.
1016/j.ymthe.2023.02.016

63. Gortan Cappellari G, Aleksova A, Dal Ferro M, Cannata A, Semolic A, Zanetti
M, et al. Preserved skeletal muscle mitochondrial function, redox state, inflammation
and mass in obese mice with chronic heart failure. Nutrients. (2020) 12:3393. doi: 10.
3390/nu12113393

64. Sudi SB, Tanaka T, Oda S, Nishiyama K, Nishimura A, Sunggip C, et al. TRPC3-
Nox2 axis mediates nutritional deficiency-induced cardiomyocyte atrophy. Sci Rep.
(2019) 9:9785. doi: 10.1038/s41598-019-46252-2

65. Caicedo D, Diaz O, Devesa P, Devesa J. Growth hormone (GH) and
cardiovascular system. Int J Mol Sci. (2018) 19:290. doi: 10.3390/ijms19010290

66. Petrossians P, Daly AF, Natchev E, Maione L, Blijdorp K, Sahnoun-Fathallah M,
et al. Acromegaly at diagnosis in 3173 patients from the Liege Acromegaly
survey (LAS) database. Endocr Relat Cancer. (2017) 24:505–18. doi: 10.1530/ERC-
17-0253

67. Colao A, Ferone D, Marzullo P, Lombardi G. Systemic complications of
acromegaly: epidemiology, pathogenesis, and management. Endocr Rev. (2004)
25:102–52. doi: 10.1210/er.2002-0022

68. Dekkers OM, Biermasz NR, Pereira AM, Romijn JA, Vandenbroucke JP.
Mortality in acromegaly: a metaanalysis. J Clin Endocrinol Metab. (2008) 93:61–7.
doi: 10.1210/jc.2007-1191

69. Mukama T, Srour B, Johnson T, Katzke V, Kaaks R. IGF-1 and risk of
morbidity and mortality from cancer, cardiovascular diseases, and all causes in
EPIC-Heidelberg. J Clin Endocrinol Metab. (2023) 108:e1092–105. doi: 10.1210/
clinem/dgad212
frontiersin.org

https://doi.org/10.1055/s-0033-1336743
https://doi.org/10.1111/j.1365-2265.2004.01985.x
https://doi.org/10.1002/ejhf.3085
https://doi.org/10.3389/fcvm.2018.00068
https://doi.org/10.3389/fcvm.2021.772105
https://doi.org/10.1210/jc.2009-0533
https://doi.org/10.1093/gerona/gls072
https://doi.org/10.1093/gerona/gls072
https://doi.org/10.1161/CIRCRESAHA.113.300929
https://doi.org/10.1093/eurjpc/zwab020
https://doi.org/10.1111/joim.12756
https://doi.org/10.1016/j.ymthe.2023.02.016
https://doi.org/10.1016/j.ymthe.2023.02.016
https://doi.org/10.3390/nu12113393
https://doi.org/10.3390/nu12113393
https://doi.org/10.1038/s41598-019-46252-2
https://doi.org/10.3390/ijms19010290
https://doi.org/10.1530/ERC-17-0253
https://doi.org/10.1530/ERC-17-0253
https://doi.org/10.1210/er.2002-0022
https://doi.org/10.1210/jc.2007-1191
https://doi.org/10.1210/clinem/dgad212
https://doi.org/10.1210/clinem/dgad212
https://doi.org/10.3389/fcvm.2024.1379257
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	IGF-1 levels in the general population, heart failure patients, and individuals with acromegaly: differences and projections from meta-analyses—a dual perspective
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study identification
	Detailed information on the selected trials
	Meta-analysis results
	Comparison of IGF-1 levels between HF patients and non-HF controls, as well as among different HF subtypes
	RR for HF in individuals with intermediate IGF-1 vs. low IGF-1 levels
	RR for death due to HF in patients with intermediate IGF-1 vs. low IGF-1 levels
	Risk of developing diastolic HF in patients with treatment-naïve acromegaly
	Risk of developing systolic HF in treatment-naïve acromegaly patients


	Discussion
	Lower IGF-1 levels in HF patients
	Protective role of intermediate IGF-1 levels
	IGF-1 levels and mortality in HF patients
	IGF-1 and acromegaly: implications for HF risk
	Clinical implications

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


