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Abstract

Increased animal but not plant protein intake has been associated with increased mortality in epidemiological studies in
humans and with reduced lifespan in animal species. Protein intake increases the activity of the IGF-1 system which may
provide a link to reduced lifespan. We, therefore, compared the effects of animal versus plant protein intake on circulating
levels of IGF-1 and the IGF-binding proteins (IGFBP)-1 and IGFBP-2 over a 6-week period. Thirty seven participants with
type 2 diabetes consumed isocaloric diets composed of either 30% energy (EN) animal or plant protein, 30% EN fat and 40%
EN carbohydrates for 6 weeks. The participants were clinically phenotyped before and at the end of the study. Both diets
induced similar and significant increases of IGF-1 which was unaffected by the different amino acid compositions of plant
and animal protein. Despite improvements of insulin sensitivity and major reductions of liver fat, IGFBP2 decreased with
both diets while IGFBP-1 was not altered. We conclude that animal and plant protein similarly increase IGF-1 bioavailability
while improving metabolic parameters and may be regarded as equivalent in this regard.
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The growth hormone/insulin-like growth factor-1 (IGF-
1) system is highly interrelated with the insulin signaling
pathway and function [1]. Reduced activation of insulin and
) o IGF-1-pathways has been linked to longevity and a reduc-
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suggesting an age-dependent response [6]. Moreover, plant
protein intake in contrast to animal protein did not influence
the association between protein intake and mortality [6].
In fact, epidemiological data suggest reduced mortality and
cardiovascular events with higher plant protein intake [7].
The amino acid composition of protein therefore appears to
determine responses [8], but it is not known, whether ani-
mal and plant proteins differ in their ability to increase IGF-
1. Higher levels of IGF-1 were associated with improved
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muscle and bone mass [3, 9] and higher animal protein
intakes were associated with reduced risks of osteoporotic
fractures [10, 11]. Moreover, higher levels of IGF-1 may be
associated with reduced risk of cardiovascular disease [12,
13]. Elevated levels of IGF-1 were linked to reduced risk of
type 2 diabetes [14] in some studies while others observed
neutral effects [3].

Less than 1% of circulating IGF-1 is free and thus bioac-
tive. The bioactivity of IGF-1 is regulated by IGF-binding
proteins (IGFBP). In particular IGFBP1 and IGFBP2 exert
inhibitory actions on IGF-1 bioactivity and are strongly
regulated by insulin and food intake [15-17]. A decrease of
IGF-1 and an increase of IGFBP1 was moreover associated
with increased risk of developing cardiac failure in older
people with type 2 diabetes [18]. IGFBP-1 is acutely down-
regulated by insulin and correlates closely with insulin sen-
sitivity. Obese subjects and people with type 2 diabetes had
lower levels of IGFBP1 and weight loss, as well as exercise
increased levels of IGFBP1 [16, 17]. IGFBP2 was reported
to correlate with increased intake of protein in epidemiologi-
cal studies [19-21]. Humans with impaired glucose metabo-
lism had reduced levels of IGFBP2 and IGFBP2 positively
correlated with insulin sensitivity [16]. IGFBP2 moreover
inhibited the differentiation of visceral but not subcutaneous
adipocytes and was associated with a reduction of hepatic fat
content in leptin-deficient mouse models [17].

The ideal amount and type of dietary protein intake is
highly controversial at present due to its associations with
life expectancy and disease risks in animal models and
humans [2, 22]. We, therefore, evaluated the effects of ani-
mal versus plant protein-enriched diets (30% protein, 40%
carbohydrates, 30% fat) in older patients with type 2 diabetes
on circulating IGF-1, IGFBP1 and IGFBP?2 levels. We par-
ticularly focused on the question whether animal and plant
protein differentially alter the IGF-system in view of their
different associations with disease risks which were pro-
posed to be mediated by the IGF-system [2, 22]. We moreo-
ver assessed associations of changes of the IGF-system with
changes of insulin sensitivity and anthropometry, particu-
larly abdominal and subcutaneous fat mass, muscle mass and
hepatic fat content in response to protein-rich diets.

Methods
LeguAn study

The LeguAn study protocol was approved by the ethics
committee of the Charité-Universitdtsmedizin Berlin and
conducted in accordance with the principles of the Helsinki
Declaration of 1975, as revised in 2000. All participants
gave written informed consent prior to the study. A detailed
description of the study design was published recently [23,
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24]. The LeguAn study was registered with ClinicalTrials.
gov: NCT02402985.

37 participants (24 males and 13 females) with type
2 diabetes (mean HbAlc 7.0+ 0.1%) and a mean age of
64 + 1 years were randomized according to weight, age,
sex, HbA1lc and medication as described in detail [25] and
received an isocaloric high-protein diet (30% protein, 40%
carbohydrates and 30% fat) for 6 weeks. Blood samples were
collected after an overnight fast before and after the high-
protein dietary intervention.

Serum concentrations of IGF-1 and IGFBPs

Concentrations of serum IGF-1, IGFBP1 and IGFBP2 were
measured using ELISA (Mediagnost, Reutlingen, Germany).

Statistical analysis

Variables were tested for normal distribution using the
Kolmogorov—Smirnov test. One-way or repeated measures
ANOVA followed by Bonferroni post hoc test was used for
statistical comparison of mean values of continuous data.
Pearson’s and Spearman’s rank correlation coefficients were
used for correlation analysis for variables with normal and
skewed distribution, respectively. Unless otherwise stated
data are reported as mean + SEM. Statistical significance
level was designated at P <0.05. Statistical analysis was per-
formed using SPSS 20.0 (IBM, Chicago, IL, USA).

Results

A total of 37 overweight to moderately obese subjects
with T2DM completed the study. Patients were on aver-
age 64 years old and under oral antidiabetic treatment with
HbA 1c values of 7%. At baseline, the participants consumed
diets which contained 42% carbohydrates, 17% protein and
41% fat. They were randomized to receive either an animal
protein (AP) rich or a plant protein (PP)-rich diet. During
the intervention, the protein intake was increased to 30%
of energy intake and exchanged against fat intake in both
groups as previously described in detail [23, 24]. The diets
were partly supplied and the protein intake was monitored by
determination of urea in the blood and urine which increased
by about 30%. The plant protein diets contained pea protein-
enriched noodles, bread and a pea mash to achieve the high
plant protein intake over 6 weeks. The amino acid composi-
tion of the nutrition was calculated from dietary protocols
[25] and plasma levels were determined after representa-
tive meals [26] which showed higher concentrations of the
branched chain amino acids, tryptophane and methionine in
the animal protein group while asparagine and arginine were
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Table 1 Effects of HP diet on IGF-1 and IGFBPs concentrations

0 weeks 6 weeks p
Glucose (mmol/l) 9.56+1.64 8.99+1.90 52x10™
Insulin (mU/1) 9.39+6.43 8.73+6.49 0.145
HOMA-IR 4.08+3.07 342+2.38 0.016
IGF-1 (ug/l) 183.6+8.2 209.2+7.8 4.0%x10°°
IGFBP-1 (ug/l) 5.5+0.6 55+1.0 0.361
IGFBP-2 (ug/l) 260.3+25.0 228.2+17.8 0.015

Values are shown as mean + SD. (Wilcoxon)

higher in plant protein group. Fasting levels of amino acids
did not differ between the diets [23].

The high-protein diet induced a highly significant
increase in IGF-1 by about 14% overall (Table 1). Quite
unexpectedly this increase was seen in both groups, i.e. with
high plant protein and with high animal protein without sig-
nificant differences between the groups (p =0.639, Table 2).
IGFBP1 concentrations did not change with the diets nei-
ther overall nor in the AP and PP groups, respectively
(»p=0.361, p=0.215 and p=0.968). In contrast, IGFBP2
levels decreased significantly overall by 12% (Table 1).
Stratified by the protein source, this decrease was not sig-
nificant neither in the AP nor in the PP group although a
similar tendency was observed in both groups.

IGF-1 levels significantly correlated with IGFBP2 lev-
els at baseline (p=10.456, p=0.005). IGFBP1 and IGFBP2

levels were significantly correlated before and after the
high-protein diet (p=0.369, p=0.025 and p=0.435,
p=0.007). Baseline levels of IGF-1 modestly negatively
correlated with BMI but not with other anthropomet-
ric parameters. Furthermore, IGF-1 was strongly nega-
tively correlated with hepatic fat content determined by
MRI spectroscopy before and after the high-protein diet
(Table 3). IGFBP1 showed highly negative correlations
with anthropometric measures including BMI, waist cir-
cumference and WHR and moderate negative correlations
with fasting insulin and insulin sensitivity as determined
by HOMA. IGFBP2 was highly negatively correlated with
fasting insulin and HOMA and with hepatic fat content in
addition to BMI and waist circumference (Table 3).

The highly negative correlation of IGF-1 and of
IGFBP2 with the hepatic fat content was preserved despite
a reduction of hepatic fat content by 47% after 6 weeks of
high-protein diet. Similarly, the correlation of IGFBP1 and
IGFBP2 with insulin sensitivity and anthropometric vari-
ables became somewhat stronger after 6 weeks (Table 3).

As recently published, the high-protein diet—although
without caloric restriction—resulted in a strong reduc-
tion of hepatic fat content and an increase of lean body
mass with a reduction of body fat [23]. Notably, the vis-
ceral fat volume was negatively correlated with IGFBP1
and IGFBP2 after the dietary protein intervention but not
before which aligns well with the inhibition of visceral fat
cell proliferation by IGFBP2 in experimental models [17].

Table 2 Effects of HP diet

AP PP
on IGF-1 and IGFBPs
concentrations stratified by 0 weeks 6 weeks p 0 weeks 6 weeks P
protein source
Glucose (mmol/l)  9.64+1.81 8.61+1.51 0.006 9.48+1.49 9.35+2.19 0.039
Insulin (mU/1) 10.07+7.18 8.31+5.40 0.109 8.74+5.75 9.12+7.50 0.536
HOMA-IR 445+3.71 3.15+2.09 0.032 3.71+2.33 3.67+2.65 0.651
IGF-1 (ug/l) 1833+13.0 2108+12.6 11x10™* 183.8+10.5 207.7+9.7 3.0x10™
IGFBP-1 (ug/l) 5.3+0.9 48+1.3 0.215 5.7+0.9 6.1+1.6 0.968
IGFBP-2 (ug/l) 229.8+26.7 206.7+20.6 0.078 289.1+41.3 248.5+28.4 0.117
Table3 Correlation analysis BMI Waist WHR  VAT() IHL Insulin ~ HOMA-IR
of IGF-1 and IGFBPs with
anthropometric and biochemical IGF-1 0 weeks —0.345% —0.530%*
parameters before and after 3 seses
high-protein diet 6 weeks 0.587
IGFBP1 0 weeks —0.437*% —0.564%** —(.502%%* —0.358% —0.348*
6 weeks —0.427%%  —(.578%** —0.520%:* —0.496%*%  —(.559%*:*
IGFBP2 0 weeks —0.570%%% —(,542%** —0.548%%  —(.579%** _(.6]2%**
6 weeks —0.598%** _(,567%%* —0.413*%  —0.501%**  —0.620%%* (. 707%***

Correlation of IGF-1 and IGFBPs with anthropometric measures and metabolic parameters. Only signifi-

cant correlations (Spearman’s rank correlation coefficients) are presented
*P<0.05, #¥P<0.01 and ***P <0.001
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Discussion

In the LEGUAN study, we addressed the question whether
the protein source in a high-protein diet, animal- vs. plant-
based protein, is a relevant determinant of circulating
IGF-1, IGFBPI1 and 2 levels in participants with type 2
diabetes.

The most striking finding is that plant protein induces
similar increases of IGF-1 as animal protein does. In
view of the associations of PP with reductions in over-
all and cardiovascular mortality as compared to AP this
is highly relevant [7]. It provides an argument against a
role of IGF-1 in mediating the negative effects of high
animal protein intake. Indeed the literature on this topic
is rather inconclusive at present [27]. Accordingly, our
results suggest that differences between plant vs. animal
protein intake and cancer or cardiovascular risk do not
arise from their effects on components of the IGF-1-sys-
tem but protective properties of other components present
in plant-based diets. Notably, most epidemiological studies
do not account for confounding due to differences in life-
style of meat consumers versus vegetarians. Recent large
population-based cohort studies extensively correcting for
confounding did not find differences in mortality between
vegetarians and non-vegetarians [28, 29].

Vegan diet was associated with lower IGF-1 and higher
IGFBP1 and IGFBP2 levels in cross-sectional studies
compared to vegetarian and meat-containing diets. Low
levels of IGF-1 were associated with increased risk for
angiographically confirmed coronary heart disease in
cross-sectional [30] and prospective studies [31] and pre-
dicted death therefrom[32]. This may be explained by the
rather potent effects of IGF-1 on cardiac remodeling and
endothelial as well as smooth muscle cells [33, 34]. IGF-1
prevents age-related decreases in cardiomyocyte number,
decreased synthesis of contractile proteins and fibrosis
[35]. Therefore, changes induced by low-protein diets in
these components of the IGF-system appear to be unfa-
vorable and outcomes from studies in short lived animals
which are little affected by cardiovascular disease should
not be translated to humans.

A further unexpected finding of our study was that
IGFBP?2 levels decreased upon high protein intake. Ele-
vated levels of IGFBP2 were associated with death from
ischemic heart disease [36] and were also a biomarker of
increased mortality in elderly subjects [37]. On the other
hand, IGFBP2 decreased liver fat and improved metabolic
markers upon overexpression in mice [38] and was associ-
ated with a more favorable metabolic profile in humans
[37]. We observed similar inverse associations of IGFBP2
with visceral adipose tissue, liver fat and insulin levels
and insulin sensitivity in our study. In fact, the inverse
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associations with visceral adipose tissue and liver fat
became much more pronounced after 6 weeks of high-
protein diet, despite the decrease of IGFBP2 (Table 3). We
therefore interpret the reduction of IGFBP2 as an advan-
tage which will enhance the increase of bioactive IGF-1
particularly in the extravascular compartment [27].

The observation that IGFBP1 was not altered is notewor-
thy since increases of IGFBP-1 were reported to associate
with the beneficial effects of protein restriction in animal
studies. In humans, increased levels of IGFBP-1 not only
predicted heart failure in a prospective study after myocar-
dial infarction but also overall mortality over 8 years [39].
IGFBPI1 was also elevated in patients with severe coronary
heart disease in people with [40] and without [41] type 2 dia-
betes. IGFBP1 is strongly regulated by insulin and decreased
in subjects with insulin resistance [16] and was inversely
correlated with insulin levels, waist circumference and
abdominal fat content in this study [40].

It has been postulated that dietary intake of essential
amino acids is a determining factor of IGF-1 levels. Allen
and coworkers postulated that the lower intake of protein
high in essential amino acids may account for the differ-
ence in IGF-1 and IGFBP concentrations between diets [42].
However, these studies were cross-sectional. Plant protein
differed in our study from the animal protein by a lower
content of leucine and methionine and a higher content of
arginine and asparagine. These intakes altered postprandial
but not fasting levels of these plasma amino acids as we
previously reported [26]. Since both diets had similar effects
on IGF-1 and IGFBPI and 2, our data do not support an
important effect of the protein composition but rather sug-
gest that the amount of protein determines the response in
case of high-protein diets. This may, however, not apply to
low-protein diets were the differences in amino acid compo-
sition may lead to specific deficiencies and thereby induce
amino acid driven-specific hormonal responses as recently
reported for FGF21 and IGF-1 [43]. Nevertheless, levels of
IGF-1 were primarily related to the nitrogen balance and less
to deficiency of specific amino acids.

In summary, our data show that animal and plant proteins
exert similar effects on IGF-1, IGFBP2 and 3. The increases
in IGF-1 and moderate decreases in IGFBP2 are likely to
exert positive effects on cardiovascular and bone health and
were associated with significant improvements of metabolic
risk markers such as liver fat content, insulin sensitivity and
visceral and subcutaneous fat content. Therefore, the current
study provides arguments for an increased protein intake in
the context of a healthy diet regarding fat and plant food
intake in participants with type 2 diabetes and an age above
60 years.
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