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Abstract

Background Previous researches on the effect of low-fat diet (LF) on insulin-like growth factor-1 (IGF-1), and its
binding proteins (IGFBPs) did not reach a consensus result, and there is no study summarizing these findings. Thus,
this systematic review and meta-analysis of randomized control trials (RCTs) was performed to pool available evidence
and answer the question whether dietary fat can affect IGF-1 and IGFBPs or not.

Methods PubMed, Scopus, ISI Web of Science, Google, Google scholar, ProQuest, and the Cochrane Library were
searched without language restrictions until July 2, 2024 to retrieve related studies. Weighted mean difference and
the corresponding variance were considered as the effect size. Standard tools were applied to assess the quality of the
studies and evidence.

Results Pooling data of the eligible studies showed no significant effect of LF diet on IGF-1 (six studies;
participants=1029,; pooled mean=1.63 ng/ml, 95% Cl=[-1.34, 4.59], P=0.28, 12=0.00%), and IGFBP-3 (five studies;
participants = 969; pooled mean =65.24 ng/ml, 95% Cl= [-169.53, 300.00], P=0.59, I>=0.0%). The results of subgroup
analysis for IGF-1 and IGFBP-3 also demonstrated no significant findings. For IGFBP-1, available evidence is insufficient
since only two studies have been performed yet and their results are contradictory.

Conclusions This study indicated no significant effect of LF diet on IGF-1, and IGFBP-3 concentrations. Low certainty
of evidence indicates that available evidence cannot support to draw a firm conclusion and future researches may
change the estimates.
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Introduction

The insulin-like growth factor I (IGF-1) peptide is mainly
produced in the liver in response to the pituitary-derived
growth hormone (GH) [1, 2]. This hormone plays an
important role in the induction of cell proliferation, and
inhibition of apoptosis through endocrine, autocrine
and paracrine manners [1, 3]. In the blood stream, IGF-1
is bound with IGFBPs. Six IGFBPs have been identi-
fied which are bound with 98% of all circulating IGF-1
(mostly IGFBP-3), and regulate IGF-1 transportation and
cellular homeostasis [4].

Epidemiological studies have been shown an asso-
ciation between imbalance concentrations of IGF-1 and
IGFBPs and some disorders; including breast, prostate,
colon and lung cancers [5], or lower bone mineral den-
sity, decreased fat-free mass, increased fat mass, and a
higher risk of cardiovascular disease [1]. So, understand-
ing modifiable factors affecting the IGF-1 and its bind-
ing proteins is important; and can be used in preventive
strategies. In this field, nutritional determinants have
been less discussed and the results of the studies are
contradictory. Among studies investigating the effect of
dietary components on IGF-1 and IGFBPs, dietary fat
has been given more attention. In this regard, some trials
reported a significant association between lower dietary
fat and lower levels of IGF-1 [1] and IGFBPs concentra-
tions [5], while; some others demonstrated lower dietary
fat may increase IGF-1 and IGFBPs [1, 6]. Furthermore,
several trials showed no significant effects of low-fat (LF)
diets on IGF-1 or IGFBPs [5, 7, 8].

The inconsistent results prompted us to conduct a
systematic review and meta-analysis study to assess the
effect of LF diets compared with high-fat (HF)/usual
diets on IGF-1, and IGFBPs in general adult participants
using RCTs.

Materials and methods

The present systematic review and meta-analysis was
conducted based on the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [9].

This study was registered in the PROSPERO interna-
tional prospective register of systematic reviews (: https:/
/www.crd.york.ac.uk/PROSPERO) under registration
number CRD42023420978.

Search strategy

PubMed, Scopus, ISI Web of Science, Google, Pro-
Quest, Google scholar and the Cochrane Library were
searched until to July 2, 2024, without language restric-
tions. The search strategy contained a combination of
keywords related to LF diet, IGF-1, and IGFBPs to find
relevant studies. Furthermore, the reference lists of the
eligible articles were manually checked to identify further
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relevant studies. More details on the search strategy have
been provided in supplementary Table 1.

Screening and study selection

Titles and abstracts of the relevant studies were indepen-
dently screened by three reviewers (KT, MH, MKS) based
on the following criteria:

1)RCTs (either parallel or crossover designs), 2) par-
ticipants aged 218 years old; 3) compared the effects of a
LF dietary intervention (<30% of total energy intake) on
IGF-1 and IGFBPs levels versus a HF dietary intervention
or usual diet (>30% of total energy intake); and 4) having
sufficient data regarding dietary interventions, IGF-1 or
IGFBPs levels.

We excluded trials with follow-up periods less than
four weeks and trials did not provide sufficient data to
estimate mean changes for the interested outcome. Trials
that reported evident deviation of intervention (defined
follow-up rate under 70%) were also excluded. In addi-
tion, we excluded trials in which co-interventions (e.g.
lifestyle modification) were unbalanced between inter-
vention and comparison groups. Eligibility criteria based
on the PICOS is shown in Supplementary Table 2.

Data extraction
Two independent reviewers (FM, SZM) extracted rel-
evant information as follows: first author’s name; publica-
tion year; study location; age, sex, BMI, and health status
of participants; study duration; study design; number of
participants in each group; the percent of macronutri-
ents in the dietary interventions including LF and HEF/
usual diet; means and SDs of IGF-1, IGFBPs levels before
and after the intervention or mean differences (MDs) and
standard deviations (SDs) during the follow-up period.
To minimize potential errors during data extraction,
data were cross-checked, and any disagreements were
resolved by consensus with the corresponding author
(SA).

Risk of bias

The Cochrane risk of bias tool for RCTs (ROB1) was used
to assess methodological quality of the included studies;
based on the following criteria: selection bias (random
sequence generation and allocation concealment), per-
formance/detection bias (blinding of participants and
personnel/blinding of outcome assessment), attrition
bias (incomplete data outcome), reporting bias (selec-
tive reporting), and other bias [10]. We did not consider
blinding of participants and personnel domain in assess-
ment of overall quality since generally blinding of partici-
pants and personnel regarding dietary intervention are
difficult and blinding cannot be appropriately performed
due to nature of the interventions.
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Eventually, the included studies were categorized as fol-
low: good quality if all the domains rated low risk of bias,
unclear quality if they had >2 unclear risk of bias regard-
ing the domains, and poor quality if they had a high risk
of bias for the main domains (selection bias, performance
bias, and detection bias), respectively [10]. The Grad-
ing of Recommendation, Assessment, Development and
Evaluations (GRADE) approach also applied to rate the
certainty of the evidence for each outcome.

Data synthesis and statistical analysis

For the measure of each outcome of interest, the mean
differences (MDs) and their 95% Cls between LF group
and HF/control group were applied as the effect size in
the meta-analysis. Moreover, the weighted mean differ-
ences (WMDs) and their corresponding SDs were esti-
mated using the DerSimonian and Laird random-effects
model [8, 11]. For studies in which SD changes from
baseline were missing, standard errors were computed
and then converted them into SDs based on the for-
mula provided in the Cochrane Handbook of Systematic
Reviews [8, 11]. Moreover, for studies in which had co-
intervention with low fat diet, we only considered low fat
diet arm in our pooled analysis.

For the study of Young et al. (2013), we entered the
low fat dietary interventions as a combined intervention
in the main analysis. Regarding the study of Gann et al.
(2005), only phase 1 of study was included in the pooled
analysis. Furthermore, for the study of Wu et al. (2005),
we only considered the soy-free phase, which included
only the low fat diet without soy in our main analysis.

Assessment of heterogeneity was performed using the
Cochran’s Q test and the I? test [12]. Predefined subgroup
analyses were conducted based on design and duration of
study, sex of participants, intervention type, and popula-
tion to detect source of heterogeneity.

Furthermore, sensitivity analyses were carried out by
removing one study at a time. Publication bias was evalu-
ated using funnel plots, and Egger’s regression asymme-
try and adjusted rank correlation tests [13], if number of
the included studies was minimum 10 studies for every
outcome [13] (ref). STATA version 16.0 software (STATA
Corp) was applied for statistical analyses. Two-sided P
values <0.05 were considered as a significant level.

Results

Search and selecting studies

Figure 1 indicates the literature search and screening
process. The primary search resulted in 833 studies.
After removal duplication and screening six articles [1,
5, 7, 14—16] were eligible to include in the present meta-
analysis. The reference list of excluded studies as well as
the reasons for exclusion are presented in Supplementary
Table 3.

(2024) 43:201

Page 3 of 9

Study characteristics

Table 1 shows the characteristics of the included stud-
ies. Parallel design was applied in all the included RCTs,
except one study which was cross over [1]. Three stud-
ies recruited participants with both sexes [7, 15, 16];
while, other studies were performed on women [1, 5,
14], exclusively. Healthy subjects [1, 5], patients with
colorectal adenoma [7], patients with breast cancer [14],
overweight/obese persons [16], and patients with severe
burning [15] were recruited among the included stud-
ies. Duration of intervention ranged from 4 to 208 weeks.
The amount of prescribed fat in LF diet al.so ranged from
15 to 30% of total calorie intake. Other characteristics of
the included studies have been presented in the Table 1.

Risk of bias

Supplementary Table 4 presents risk of bias of the
included studies. Based on the Cochrane risk of bias tool,
two studies [15, 16] had unclear risk for random sequence
generation domain due to insufficient data for judgment.
Except two trials the process of allocation concealment
was not explained by all studies [1, 5, 15, 16]. Moreover,
all studies had low risk of bias for incomplete outcome
domain except two studies [1, 5], as they did not provide
sufficient information on withdrawals and missing fol-
low-up of participants. All the studies had also low risk
of bias for selective reporting except two studies which
were unclear risk of bias [1, 16]. The majority of included
studies were rated as high risk of bias for blinding of par-
ticipants and personnel, as blinding cannot be appropri-
ately performed due to the nature of the interventions.
Thus, we did not consider this domain in overall quality
assessment. Finally, all the included studies were judged
to have a poor quality [1, 5, 16] except two studies, which
had a fair quality [7, 15] and one trial which had a good
quality [14]. The GRADE framework was used to assess
the quality of evidence for each outcome. The evidence
for the effects of LFD on IGF-1 and IGFBP-3 were judged
as low and very low quality, respectively (Supplementary
Table 4).

Meta-analysis
IGF-1
Six studies (participants: 1029) evaluated the effect of a
LF diet on IGF-1 levels versus a HF diet [1, 5, 7, 14-16],
and no significant effect was found (WMD=1.63 ng/ml;
95% Cl= -1.34, 4.59; P=0.28; 1=0.00%; P-heterogene-
ity=0.42) (Fig. 2); which was consistent across subgroups
(Supplementary Table 6).

Furthermore, overall sensitivity analysis as well as sen-
sitivity analysis with omitting the study of Flood et al.
(2008) showed no significant results.
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Records removed before
screening:
Duplicate records removed
(n=255)

Records excluded**
(n = 283)

Reports not retrieved
(n =254)

Reports excluded: (n= 35)
Irrelevant outcome (n= 26)
Irrelevant intervention (n= 3)
Low-fat diet was intervened
in both groups (n= 2)
Co-intervention only in one
group (n=3)

Reporting Geometric mean
for outcomes (n=1)

Fig. 1 Flow chart of search and select of studies related to assess effect of low-fat diet on levels of insulin-like growth factor (IGF-1), insulin-like growth

factor binding protein-3 (IGFBP-3), and insulin-like growth factor binding protein-1 (IGFBP-1)
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Table 1 The characteristics of the studies investigating the effect of low-fat diet on the levels of insulin-like growth factor-1 (IGF-1) and
insulin-like growth factor binding proteins (IGFBPs)

Author, Country/ Sex [Age, Population Co-inter- Macronutrient [Fat/CHO/ Pro] (%) Results
Year Study design  year; Inter- ventionin |+ vention Control
(.C/P)/ (dura- vention, LF group Prescribed Intake  Prescribed  Intake
tion, weeks) Control]
Young etal. USA/C/(8) Female [57, Postmenopause None [209%,65%,15%] NM [40%, 45%, NM TIGFBP-3
(2013) 571 159%)] <I|GF-1
Gannetal. Phase 1: Phase 1: Premenopause None Phase 1: Phase 1: NM Phase 1:  Phase 1:
(2005) USA/ P/ (52) Female [33.5, [<20%, 60-65%, [22.1%, [304%, <IGF-1
Phase 1 33.2] 15-20%] 64.8%, 54.8%, «|GFBP-3
14.5%) 14.1%]  <IGFBP-1
Floodetal. USA/P/(52), Both [62.1, colorectal None [209%, NM,NM] ~ [22.7%,  [NM, NM, [33.7%, Week 52:
(2008) (208) 61.0] adenoma NM, NM] NM, <I|GF-1
NM] NM] <I|GFBP-3
Week 208:
VIGF-1 (in
both groups)
«<|GFBP-3
Khoda- fran/P/(12) Female [45.2, Patient with Calorie [30%, 55%, 15%)] [75%, [29.2%, [73.1%,  lIGF-1 (only
bakhshi et 448 breast cancer restriction 6%, 49.5%, 17.7%] 6.7%, in LF diet
al. (2021) 19%] 185%]  group)
Arciero et USA/P/12 Both [44,42]  Overweight/ high- HPEx [28.8%, MPEx TIGF-1
al. (2008) obese persons intensity 41.9%,26.9%)] [31.3%, 1TIGFBP-1
resistance 253%,  (only in HPEx
and car- 43.5%]  group)
diovascular —|GFBP-3
training
Garreletal. Canada/P/(4) Both[38,34] severely burned fish oil [15%, 60%, 25%)] [35%, NM NM TGF-1 (only
(2000) adults 40%, in LF diet
25%)] with fish oil)

CHO, carbohydrates; PRO, proteins; C, cross-over; P, parallel; IGFBP-1, insulin-like growth factor binding protein-1; IGFBP-3, insulin-like growth factor binding
protein-3; LFD, low fat diet; HFD/CD, high fat diet/control diet; HPEXx, high-protein diet with combined high-intensity resistance and cardiovascular training; MPEx,
moderate-protein diet with combined high-intensity resistance and cardiovascular training

Weight

Study WMD [95% CI] (%)
Arciero, 2008 -28.40[-191.40, 134.60] 0.03
Flood, 2008 : 212[ -1.54, 5.78] 65.64
Gann, 2005 -1.12[ -6.50, 4.26] 30.42
Garrel, 2000 T 19.88[ -8.54, 48.30] 1.09
Khodabakhshi, 2021 T 21.00[ -6.73, 48.73] 1.14
Young, 2013 —pE— 7.70[ -15.21, 30.61] 1.67
Overall | 1.63[ -1.34, 4.59]

Heterogeneity: ©* = 0.00, I = 0.00%, H* = 1.00

Test of 6, = 6;: Q(5) = 4.93, p = 0.42

Testof 6=0:z=1.08, p=0.28

-200

Random-effects DerSimonian—Laird model

-100

0

Fig. 2 Forest plot of randomized controlled trials showing weighted mean differences in Insulin-like growth factor | (IGF-1) levels between low fat diet
and control groups for all eligible studies. Analysis was conducted using a random-effects model. Solid squares depict the weight assigned to the cor-
responding study; the black diamond represents the summary effect. ES, effect size
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IGFBP-3
The meta-analysis of 5 studies (participants: 969) [1, 5, 7,
15, 16] showed no significant effect of LF diet compared
with HF diet on IGFBP-3 concentration (WMD=65.24
ng/ml; 95% CI=-169.53, 300.00; P=0.59;; I*=0.0%; P-het-
erogeneity=0.96) (Fig. 3). Subgroup analysis also indi-
cated no significant findings (Supplementary Table 7).
Furthermore, overall sensitivity analysis as well as sen-
sitivity analysis with omitting the study of Gann et al.
(2005) showed no significant change in the results.

Qualitative analysis

For IGF-1, most of trials (5 of 6) were at fair and poor
quality. Main trial limitations related to IGF-1 were
lack of personnel and blinding of outcome assessment.
Finally, the level of evidence regarding IGF-1 was low. For
IGFBP-3, all of trials were at fair and poor quality. Main
trial limitations related to IGFBP-3 were lack of person-
nel and blinding of outcome assessment. Finally, the level
of evidence regarding IGFBP-3 was very low (Supple-
mentary Table 5).

IGFBP-1

We found two studies investigating the effect of LF diet
on IGFBP-1. One study was performed among a sample
of premenopausal women and compared the impact of
LF diet (fat: <20%, CHO: 60-65%, PRO: 15-20%) versus
control/usual diet (fat: 30.4%, CHO: 54.8%, fat: 14.1%) on
IGF-I and IGFBPs levels after 52 weeks [5]. The results
of this study showed no significant change of IGFBP-
1. Another study by Arciero et al. (2008), evaluated the
effect of a dietary intervention (a high-protein diet; fat:
28.8%, CHO: 41.9%, PRO: 26.9%; or a moderate-protein
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diet; fat: 31.3%, CHO: 43.5%, PRO: 25.3%) along with a
high-intensity resistance and cardiovascular training on
body composition, insulin sensitivity, lipid profile, IGF-I
and IGFBPs levels during 12 weeks and in overweight/
obese individuals [16]. This study reported a significant
increase in IGFBP-1 levels in the high-protein diet with
training group [16].

Discussion

Our systematic review and meta-analysis of RCTs
demonstrated no significant effect of a LF diet (con-
taining<30% of energy) versus control/usual diet
(containing>30% of energy) on IGF-1, and IGFBP 3 con-
centrations in overall and subgroup analyses. The result
of qualitative analysis on IGFBP1 also were inconsistence
and more studies are needed.

Previous studies have been reported a significant asso-
ciation between higher IGF-1 levels and risk of some
cancers including prostate [17], breast [18] and colorec-
tal [19, 20]. Moreover, some studies showed a significant
association between the higher IGF-1 levels and all-can-
cer mortality [21, 22]. Unbalanced levels of this hormone
also has been reported to be involved in many other
pathological conditions such as diabetes, obesity and car-
diovascular diseases [23].

Dietary intakes have been introduced as a modula-
tor of IGF-1 levels. Although protein intake and calorie
manipulation have been investigated, the effect of dietary
fat on IGF-1 and IGFBPs levels is still unknown. We tried
to answer this question through a systematic review and
meta-analysis of previous RCTs, and found no significant
effect of LF diet on IGF-1 or IGFBP-3 levels. Moreover,

Weight

Study WMD [95% Cl] (%)
Arciero, 2008 J -27.80 [ -877.68, 822.08] 7.63
Flood, 2008 z -177.00 [ -892.74, 538.74] 10.76
Gann, 2005 — 115.00 [ -173.60, 403.60] 66.17
Garrel, 2000 = 64.00 [ -785.84, 913.84] 7.63
Young, 2013 s 69.40 [ -770.79, 909.59]  7.81
Overall N 65.24 [ -169.53, 300.00]
Heterogeneity: ©* = 0.00, I = 0.00%, H* = 1.00
Test of 6, = 6;: Q(4) = 0.60, p = 0.96
Testof 6 =0:z=0.54, p=0.59

1000 -500 0 500 1000

Randome-effects DerSimonian—Laird model

Fig. 3 Forest plot of randomized controlled trials showing weighted mean differences in insulin-like growth factor binding protein-3 (IGFBP-3) levels
between low fat diet and control groups for all eligible studies. Analysis was conducted using a random-effects model. Solid squares depict the weight
assigned to the corresponding study; the black diamond represents the summary effect. ES, effect size
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available evidence for IGFBP-1 was inadequate for analy-
sis and conclusion.

There are several plausible factors for explaining the
divergent results between the relevant studies. IGF-1
and IGFBPs are mediated by a complex system, which
just a limited number of related factors were controlled
in the included studies. One of these factors is amount
of macronutrients and the source of them in the diet.
For instance, dietary protein intake was ranged 15-20%
of calorie in the included studies. Some previous reports
demonstrated an association between higher protein
intake and higher IGF-1 levels [24, 25]. A meta-analysis
study also approved this association [26]. Moreover, data
from NHANES III reported that higher carbohydrate
intakes are associated with higher IGF-1 levels, in addi-
tion to a high-protein diet [22]. The source of macronu-
trient also seems to be important. The results of some
studies indicated a higher dairy product consumption
was related to a higher IGF-1 level; while, eggs and egg
products intakes were associated with lower IGF-1 lev-
els [22, 27]. Furthermore, some of the previous stud-
ies reported higher intakes of fiber were associated with
higher IGF-1 levels [25, 28], through colon fermentation
and short chain fatty acid production [29, 30].

Some studies also showed a significant association
between different edible oils and IGF-1 or IGFBPs. For
instance, some researchers reported that fish oil con-
sumption compared with sunflower oil was related to
a higher IGF-1 levels [31]; this is while, other studies
showed no significant effect [32, 33]. However, we could
not assess the effect of different oils on IGF-1 or its bind-
ing proteins, due to the insufficient data.

On the other hands, body weight of participants has
been found to be associated inversely with IGF-1 [34] or
positively with IGFBPs [25]. However, the effect of weight
loss intervention on IGF-1 concentration is equivocal in
previous trials [35-37], and some studies demonstrated
this association disappeared with increasing age [38,
39]. Furthermore, other related factors including sleep
restriction [40], depression [41], alcohol intake [42],
micronutrients [43], physical activity [44], and co-inter-
ventions in some of included studies (fish oil supplemen-
tation, Calorie restriction, high-intensity resistance and
cardiovascular training) also has been claimed to be asso-
ciated with IGF-1 levels, which may affect our results.

In addition, the adherence to a dietary intervention
and using a standard method to measure compliance is
challenging in dietary interventional studies. As well, it
is reported LF diets have lower acceptability than low-
carbohydrate diets [45]. Also, in the present study, actual
dietary intake was not reported at the end of the inter-
vention in most of the included studies, and we had to
assume the actual intake is equal to what was prescribed,
even though we knew this might not be true.
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To the best of our knowledge, our study is the first sys-
tematic review and meta-analysis about effect of LF diet
on IGF-1 or IGFBPs levels. We also applied a comprehen-
sive search strategy without any limitations on language
or time of publication to achieve all the eligible studies.
Furthermore, although between study heterogeneity was
not identified, subgroup and sensitivity analyses were
conducted to determine their effects, as well as, evaluate
the impact of a single study on the results.

However, our study had some limitations. The main
limitation is related to the confounding factors which
no sufficient data has been provided for them in the
included studies. Moreover, adherence to the study pro-
tocol was not considered in most of the included studies.
Finally, the direct effect of LF diet could not be elucidated
due to co-interventions in some of the included studies.

Conclusion

The findings of the present study indicated no significant
effect of LF diet on IGF-1, and IGFBP-3 concentrations.
However, due to the discovered association between high
levels of IGF-1 and all-cause mortality, it is suggested to
conduct more studies with controlling confounding and
minimum deviation of the intervention to achieve more
precise evidence in this field. In addition, these associa-
tions were judged to be low and very low certainty of evi-
dence meaning that the true effect remained unknown
and addition of future studies have a great impact on the
present estimates.
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