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Background & aims: Patients with anorexia nervosa (AN) have low serum IGF-I levels that may contribute
to a lower bone mineral mass. We investigated the effects of a fermented, protein-fortiﬁed, dairy product
on serum IGF-I levels in patients with AN during an in-hospital refeeding program.
Methods: In this multicenter, randomized, double-blind, placebo-controlled, clinical trial conducted at 3
university hospitals and 3 private clinics in France and Switzerland, 62 women recently admitted with
conﬁrmed AN and with a baseline low serum IGF-I level were randomized to 2 daily isocaloric fresh
cheese pots containing either 15 g/150 g or 3 g/150 g (controls) of protein for 4 weeks. The primary
outcome was the change in IGF-I levels.
Results: In the primary intention-to-treat analysis, mean serum IGF-I levels increased during the intervention phase from 22.9 ± 1.5 to 28.6 ± 1.3 nmol/L (means ± SEM) (þ20.2%) in the intervention group
and from 20.2 ± 1.2 to 25.7 ± 1.5 nmol/L (þ16.8%) in controls. In a preplanned analysis of covariance with
repeated measures, the between-group difference was close to statistical signiﬁcance (P ¼ 0.071). In a
post-hoc mixed-regression model analysis, the difference was statistically signiﬁcant (4.9 nmol/l increase; P ¼ 0.003), as was the change of the ratio IGF-I/IGF-BP3 (P ¼ 0.004). There was no between-group
difference in biochemical markers of bone turnover (osteocalcin, P1NP, CTX) or in serum parathyroid
hormone level. Serum calcium levels slightly increased during the intervention phase in the higher
protein group (P ¼ 0.02). IGF-BP2 decreased signiﬁcantly more in the intervention group during the
follow up period at week 4 after supplements cessation (P ¼ 0.019).
Conclusions: Intake of a fermented, protein-fortiﬁed, isocaloric dairy product during 4 weeks may
slightly increase serum IGF-I levels in women with AN, without signiﬁcant changes in bone turnover
markers.
Clinical Trial Registration Number: NCT01823822 (www.clinicaltrials.gov).
© 2015 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction
Anorexia nervosa (AN) is associated with low bone mass [1] and
increased fracture risk [2]. In 80% of women with AN, bone mineral
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density (BMD) is reduced by at least 1.0 SD at one or more skeletal
sites, and by at least 2.5 SD in 17% [1]. Potential mechanisms of bone
loss include a decrease in gonadal steroid concentrations [3] and/or
in serum IGF-I levels [4,5]. In patients with AN, altered bone turnover results from an imbalance between normal or higher bone
resorption related to estrogen deﬁciency [6] and lower bone formation resulting from reduced serum IGF-I. The latter is correlated
to body weight and body mass index (BMI) [5,7]. IGF-I levels are
consistently found lower in AN [5,8e12], with values below the
lower limit of normal range in 58% of the cases [1], or 1.74
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to 4.98 standard deviation scores as compared with means in agematched healthy controls [9,10]. A study showed that IGF-I represents a biochemical marker of malnutrition and a sensitive index of
nutritional repletion in patients with eating disorders [9].
In humans, serum IGF-I concentrations are markedly lowered by
energy and/or protein deprivation [13]. This suggests that low IGF-I
may play an important role in the pathogenesis of bone loss in
women with AN.
Higher protein intakes prevent the decrease in IGF-I observed in
hypocaloric states [14]. Recombinant human IGF-I increased
markers of bone turnover in adult women with AN. At low dose, the
bone formation marker procollagen type 1 amino-terminal propeptide (P1NP) increased, but without changes in markers of bone
resorption [5]. Recombinant human IGF-I potentiated the effects of
oral contraceptives on BMD [6].
In rats, an isocaloric low protein diet was associated with
decreased IGF-I levels, estrogen deﬁciency, and lower markers of
bone formation with unchanged markers of bone resorption, suggesting an uncoupling in bone turnover, accounting for the
decreased BMD and bone strength [15]. While protein restriction
reduced serum IGF-I levels [15], protein replenishment through
essential amino acid supplements increased IGF-I, bone formation
markers, BMD, and bone strength in adult ovariectomized rats fed
an isocaloric low protein diet [16]. Though refeeding of undernourished patients increases IGF-I [17e19], the effects of increasing
protein intake on serum IGF-I levels in women with AN remain
unknown.
In this randomized controlled trial, we assessed the effects of an
oral fermented, protein-fortiﬁed, dairy product compared to an
isocaloric lower protein containing identical content on serum IGF-I
levels and biochemical markers of bone turnover in adult women
with AN.
2. Subjects and methods
2.1. Study design
The study was a multicenter, randomized, placebo-controlled,
double-blind, trial in 6 centers in France and Switzerland. The
trial was conducted between June 2008 and April 2009, in agreement with the principles of the Declaration of Helsinki and the
requirements of Good Clinical Practice (clinical Trial Registration
Number: NCT01823822 (www.clinicaltrials.gov)). The protocol and
its amendments were approved by the institutional review boards
of each center. All patients provided written informed consent.
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calcitonin, or glucocorticoids; and exposure to oral or intravenous
nutritional supplements within 2 weeks prior to study inclusion.
2.3. Study setting and inpatient refeeding protocol
Participants were admitted to one of 4 centers in France (2
university hospitals and 2 private clinics) or one of 2 in Switzerland
(1 university hospital and 1 private clinic). All centers were units
specialized in the care of AN patients. Of 62 women included, 49
(79%) were recruited at the center in Lyon, France. Each center
followed its own standard oral refeeding protocol. High-energy
liquid supplement drinks were not allowed during the study. No
subject received nasogastric tube therapy. A nurse was present
during all meals and snacks. Diets started with a low amount of
calories and increased progressively during hospital stay to avoid a
refeeding syndrome. The amount of calorie intake provided by
meals during the study was not recorded.
2.4. Intervention
The test product was composed of 2 pots of 75 g of sweetened,
ﬂavored fresh cheese rich in milk protein (15 g/150 g) given as midmorning and afternoon snacks at least 5 days/week for 4 consecutive weeks. The control product was 2 pots of 75 g of sweetened,
ﬂavored fresh cheese with low protein content (3 g/150 g). Both
study products (supplied by Danone Company, Palaiseau, France)
were isocaloric by adapting carbohydrate content, and with similar
organoleptic characteristics (supplemental content). They provided
additional 219 kcal/d, 5.5 g/d lipids, 350 mg/d calcium, 5 mg/
d (200 IU) vitamin D and 2.5 mg/d zinc.
2.5. Study conduct
As shown in Fig. 1, patients were screened at a selection visit
(SV), 1 week before inclusion. If serum IGF-I was below the 25th
percentile for age and all inclusion criteria were met, patients
attended a baseline visit (T0) and were randomized to either the
test (active group) or the control product (controls). Thereafter, 4
bi-weekly evaluations were scheduled: 2 during the 4-week
intervention phase, and 2 during the 4-week follow-up. Height
was determined with a stapediometer. Weight was measured with
a calibrated scale to the nearest 0.1 kg. Height, blood pressure, and
cardiac frequency (after 3-min sitting) were recorded at SV, and
body weight at each study visit.
2.6. Randomization and blinding

2.2. Participants
Study participants were women aged 18e40 years with a DSMIV- (Diagnostic and Statistical Manual e Revision IV) conﬁrmed
diagnosis of AN (either restricting or binge-eating/purging type) of
at least 6 months' duration, with baseline serum IGF-I level below
the 25th percentile of age-dependent reference values, and
recently admitted to hospital for weight and nutritional rehabilitation. Women having started estro-progestagen therapy before
the onset of AN were also included. This may explain the absence of
amenorrhea in some patients. Contraception with either progestagens or non-hormonal methods was required by protocol during
the study period. All women were already regular consumers of
dairy products. If applicable, they discontinued calcium and
vitamin D supplements 1 week before the start of the study. Patients were hospitalized during the entire duration of the 4-week
supplementation phase. Exclusion criteria were: primary amenorrhea; lactose intolerance; any metabolic disease affecting bone
metabolism; epilepsy; current or past use of bisphosphonates,

At each site, patients were recruited and randomized 1:1
through a computer-generated list randomization using permutation blocks of 4, and stratiﬁed by study center. Patients were randomized at T0 using an Interactive Web Response System
procedure and assigned a randomization number according to
chronological order of inclusion. Double blind was maintained
during the entire study in both groups with regard to study products (similar energy content and organoleptic characteristics, same
packaging, labeling, administration, and dosage). At the end of the
study, a blind review meeting of data was performed before the
database was frozen and the analyses started.
2.7. Laboratory variables
Blood collection and analytical assays were performed in
accordance with Good Laboratory Practice. All patients had 6 blood
samples taken under fasting conditions (one at SV, T0, and evaluation (E) visits E1, E2, E3, and E4). All analyses were performed in a
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IGF-I/IGF-BP3 ratio calculated. Secondary outcomes included IGF-I
changes during the 4 weeks after supplements cessation, changes
over 4 week supplementation in IGFBP2 and IGFBP3, and in bone
metabolism parameters (P1NP, BSAP, osteocalcin, and CTX,
25OHD3, iPTH, total serum calcium, and albumin correctedcalcium), and during the follow-up phase (E2 to E4, and over the
entire 8-week observation phase (T0 to E4), together with the
safety of protein supplements.
2.9. Sample size calculation
To detect an expected difference of 45% for serum IGF-I (50%
reported in elderly patients receiving a protein supplement [17])
with a power of 70% and a two-tailed P-value of 0.05, 29 assessable
patients were required per group. With a 15% drop-out rate and a
25% screening failure, 92 patients were planned to be screened for
68 randomized. Because of the limit of the fermented dairy products production date, only 62 subjects could be enrolled.
2.10. Statistical methods

Fig. 1. Patient ﬂow, study groups, and endpoints.

central laboratory. IGF-I was measured by a chemiluminescencebased immunoassay (Liaison®, Diasorin, Saluggia, Italy) with
intra- and interassay coefﬁcients of variation lower than 4.4%. For
IGF-I, the samples were processed as follows: SV samples were sent
frozen immediately and analyzed at reception; T0 and E1-E4
samples were frozen at 20  C on site, sent to the central laboratory
in dry ice, stored at 80  C immediately upon reception, and until
the assays were performed batchwise.
Plasma and urinary calcium, phosphate, and creatinine were
measured with an automatic analyzer. Plasma calcium was
adjusted for albumin levels (adjusted calcium ¼ measured calcium
[mmol/L] þ (40 - albumin [g/L]) x 0.02). The marker of bone formation, P1NP, was determined by radioimmunoassay (Immunodiagnostics, Inc., Boldon, UK); osteocalcin was measured by
chemiluminescent immunoassay (Liaison®, Diasorin, Saluggia,
Italy), and bone-speciﬁc alkaline phosphatase [BSAP] by chemiluminescent assay (Access®, Beckmann Coulter, Marseille, France).
The serum bone resorption marker, beta-C-terminal telopeptide of
type I collagen [CTX], was measured by enzyme-linked immunosorbent assay (Immunodiagnostics, Inc.). IGF-BP-2 and IGF-BP-3
were measured with an ELISA (Mediagnost, Reutlingen, Germany). Intact parathyroid hormone [iPTH] was determined by
paramagnetic-particule chemiluminescent assay (Access®). Serum
25-hydroxyvitamin D3 (25-OH-D3) was determined by chemiluminescence assay (Liaison®), while calcitriol was measured by
radioimmunoassay (Immunodiagnostics, Inc.).

2.8. Outcomes
The primary outcome was serum IGF-I changes over the 4-week
supplement consumption period (between T0 and E2). IGF-binding
protein 2 (IGF-BP2) and IGF-BP3 were measured and the serum

Descriptive statistics were computed as means ± SEM for
continuous variables or as number and percentages for categorical
variables. Normality was veriﬁed by using Shapiro-Francia tests.
Imbalance between groups at baseline was examined using t-tests
or Wilcoxon rank sum tests for continuous data, and c2 or Fisher's
exact tests for categorical data.
The primary analysis was per intention-to-treat (ITT), which
included all randomized subjects having taken at least one dose of
the study product. Missing data were replaced by the Last Observation Carried Forward (LOCF) method using the last post-baseline
value per phase (intervention or follow-up phase). The type I error
was two-sided and ﬁxed at 5% maximum for all tests. A per protocol
(PP, n ¼ 51) secondary analysis was also preplanned.
The main analysis consisted in an analysis of covariance
(ANCOVA) model with repeated measures at T0, E1, and E2 visits on
all normally distributed parameters with the study group as ﬁxed
effect and covariates (baseline value, center as a random effect, and
age). Secondary analyses, including secondary outcomes, used a
similar methodology extended to datasets between T0 and E4 and
E2 and E4. Data were also analyzed as follows: 1) without adjustment for baseline covariates; 2) by a PP analysis of study completers
without imputation; and 3) using a post-hoc linear mixed-effects
regression model analysis (with Stata “xtmixed” command) to
predict the primary end point, with visit, group, intervention, age,
and visit and center by intervention interaction as exploratory
variables. In addition, we analyzed the effect of estrogen use and
baseline protein intakes on the primary outcome. Mixed-effects
regression takes into account all measures, including the fact that
they are repeated within the same subject, without the need for
imputation. It allows to also dissociate group (determined by
randomization) and intervention effects (a variable), which speciﬁes if the treatment was given at a given visit.
3. Results
Eighty-six women attended the screening visit (Fig. 1). Sixtytwo aged 18e37 years (22.5 ± 0.5 years) with AN since 4.7 ± 0.5
years met the inclusion criteria and were randomized to the active
(n ¼ 30) or control (n ¼ 32) groups. Duration of secondary amenorrhea was 24.3 ± 3.9 months, BMI was 16.1 ± 0.3 kg/m2, and daily
calcium and protein intake were 896 ± 56 mg and 52 ± 4 g,
respectively. Eighteen women (29%) were taking oral sex hormones. Only 5 patients had a fracture history with 2 non-traumatic
fractures among the 16 prevalent fractures. Characteristics were
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Table 1
Patient baseline characteristics.

Table 3
Changes in serum IGF-I: mixed-effects regression model.
Active high protein dairy Controls low protein
product (15 g/150 g)
dairy product
(3 g/150 g)

Number
Age (years)
Weight (kg)
BMI
Anorexia nervosa duration
(years)
Time since last menstrual
period (months)
Calcium intake (mg/day)
Total protein intake (g/day)
Women on sex hormones (%)
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30
22.2 ± 0.6
42.7 ± 1.2
16.1 ± 0.4
4.4 ± 0.7

32
22.8 ± 0.9
43.1 ± 1.5
16.0 ± 0.5
5.0 ± 0.8

22.8 ± 4.4

25.6 ± 6.2

908 ± 94
57 ± 6
8 (27%)

884 ± 64
47 ± 4
10 (31%)

Values are means ± SEM. BMI ¼ body mass index.

well balanced between study groups (Table 1). Mean product
exposure was 26.8 ± 0.5 days with comparable compliance between the active and control groups (90 ± 4% and 94 ± 3%,
respectively). Mean study duration was 57.3 ± 0.2 days. Five patients of the active group and 3 patients of the control group took at
least one other unauthorized alimentary or nutritional product
during the study.

3.1. Changes in serum IGF-I levels
In the primary ITT analysis (center as a random effect), mean
serum IGF-I increased during the intervention phase (T0 to E2)
from (mean ± SEM) 22.9 ± 1.5 nmol/L to 28.6 ± 1.3 nmol/L in the
active group (þ20.2%), and from 20.2 ± 1.2 nmol/L to
25.7 ± 1.5 nmol/L in controls (þ16.8%), (between-group: P ¼ 0.071;
Table 2). These results were robust as conﬁrmed by the secondary
ITT analysis (center as ﬁxed effect; P ¼ 0.074) and the PP analysis
(after exclusion of protocol violators; P ¼ 0.175). During the followup phase (E2 to E4), mean serum IGF-I levels remained stable and
reached 27.3 ± 1.8 nmol/L and 26.4 ± 1.8 nmol/L in the former active
and control groups, respectively. A similar trend of statistical signiﬁcance (ANCOVA) was observed with P ¼ 0.086 in the ITT analysis
and P ¼ 0.051 in the PP analysis. Data were also analyzed using
linear mixed-effects regression models to predict the primary
endpoint when taking into account all available values during the 5
visits (Table 3). The effect of the intervention on serum IGF-I levels
were signiﬁcant with a 4.9 nmol/l increase during the intervention
phase at visits T0 to E2, (P ¼ 0.003) while adjusting for visit, group,
intervention, age, and visit and center by intervention interaction.
Adjusting for baseline protein intake or for estrogen consumption

Serum IGF-I baseline values (nmol/L)
Intervention
Group
Age
Study visit
T0
E1
E2
E3
E4

Coef.

95% CI

0.756
4.907
0.832
0.297

0.646
1.627
2.633
0.492

0.866
8.186
0.968
0.102

P-value
<0.001
0.003
0.365
0.003

0.000
3.770
4.690
6.305
5.590

1.871
2.704
4.732
4.071

5.669
6.676
7.878
7.109

e
<0.001
<0.001
<0.001
<0.001

Mixed-effects regression model coefﬁcient (coef.) with their 95% conﬁdence interval
predicting IGF-I values with subjects as random factor, while adjusting for visit,
group, intervention, age, visit by intervention interaction and center by intervention. N ¼ 284 observations in 62 patients. Observation by patient: minimum 2,
maximum 5 (average 4.6).

did not change the results (data not shown). There was no signiﬁcant group effect over the 5 visits (P ¼ 0.365).
3.2. Changes in other biochemical parameters
No signiﬁcant between group difference was observed with
regard to IGF-BP3. Using a linear mixed-effects regression model,
we observed a signiﬁcant effect of the intervention on the IGF-I/
IGF-BP3 ratio (P ¼ 0.004). During the whole study, IGF-BP2
decreased signiﬁcantly more at the last follow up visit in the
intervention group (Table 4, P ¼ 0.019, interaction term
(time  group): P ¼ 0.065). During the intervention phase (T0 to
E2), the mean albumin-adjusted total serum calcium change from
baseline was þ0.03 ± 0.02 mmol/L vs 0.01 ± 0.02 mmol/L in the
intervention and control groups, respectively (P ¼ 0.015). This difference was conﬁrmed over the entire observation period of 8
weeks (P ¼ 0.003). Mean albumin-adjusted serum calcium between
T0 and E4 was 2.26 ± 0.01 vs 2.22 ± 0.01 mmol/L in the active and
control groups, respectively (P ¼ 0.025). Serum CTX levels changed
from 1.08 ± 0.09 ng/mL to 0.96 ± 0.53 and from 1.11 ± 0.09 ng/mL to
0.98 ± 0.06 ng/mL in the active and control groups, respectively
(NS). No statistically signiﬁcant product effect was demonstrated
on other laboratory parameters in the ITT or PP data sets (data not
shown), in particular, hormone levels. (Table 4).
3.3. Changes in clinical parameters and safety
No product-related side effects were observed during the consumption phase or follow-up. Safety and tolerance were excellent,

Table 2
Changes in serum IGF-I: ANCOVA model with repeated measurements.
Active

Normal
range

Controls

High protein

Dairy product

(15 g/150 g)

Low protein

Dairy product

(3 g/150 g)

T0 (baseline)

E2 (þ4 weeks)

E4 (þ8 weeks)

T0 (baseline)

E2 (þ4 weeks)

E4 (þ8 weeks)
26.4 ± 1.8

Serum IGF-I (nmol/L)

14.0e61.0

22.9 ± 1.5

28.6 ± 1.3

27.4 ± 1.8

20.2 ± 1.2

25.7 ± 1.5

Study product effect on
Adjusted mean (nmol/L)*
Raw change (nmol/L)
Relative change (%)
Study product effect**

serum IGF-I,

from T0 to E2,

center as random effect,
25.8 (0.9)
4.3
20.2

ITT set,

ANCOVA

model
25.1 (0.9)
3.6
16.8

P ¼ 0.071

Values are means ± SEM. ** ANCOVA model with repeated measurements on serum IGF-I values with study group as explicative factor, age (P ¼ 0.036), baseline value
(P < 0.001), and center as covariates (center as random effect, centers N 1, 4, 5, 7, 8 being pooled). Best structure of covariance: repeated measurements: AR(1)-random effect:
CS. Following interactions were tested: product*baseline, product*center (P ¼ 0.012), product*visit (p ¼ 0.493) and product*visit*center.
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Table 4
Changes in secondary outcome parameters.
Active

Normal
range
BMI
Weight (kg)
Serum FSH (IU/L)
Serum estradiol (pmol/L)
Serum IGF-I (nmol/L)
Serum IGF-BP2 (ng/mL)
Serum IGF-BP3 (ng/mL)
IGF-I/IGF-BP3 ratio
Serum P1NP (mg/L)
Serum BSAP (mg/L)
Serum osteocalcin (nmol/L)
Serum CTX (ng/mL)
Serum 25OHD3 (nmol/L)
Serum intact PTH (pmol/L)
Serum calcium (mmol/L)*
Serum albumin (g/L)
Albumin-corrected serum calcium (mmol/L)**

14.0e61.0
84e702
2010e4950
19e83
2.9e14.5
1.1e7.2
0.112e0.738
75e250
1.3e9.3
2.15e2.55
34e48
2.15e2.55

Controls

High protein

Dairy product

(15 g/150 g)

Low protein

Dairy product

(3 g/150 g)

T0 (baseline)

E2 (þ4 weeks)

E4 (þ8 weeks)

T0 (baseline)

E2 (þ4 weeks)

E4 (þ8 weeks)

16.1 ± 0.4
42.7 ± 1.2
4.1 ± 0.6
90.8 ± 15.8
22.9 ± 1.5
401 ± 42
3069 ± 100
0.057 ± 0.003
48.7 ± 4.2
7.85 ± 0.49
3.15 ± 0.22
1.08 ± 0.09
68.3 ± 5.6
2.55 ± 0.21
2.35 ± 0.01
43.17 ± 0.48
2.27 ± 0.01

16.4 ± 0.4
43.3 ± 1.0
e
e
28.6 ± 1.3
274 ± 19
3183 ± 77
0.069 ± 0.003
66.0 ± 4.9
8.96 ± 0.47
3.73 ± 0.23
0.94 ± 0.08
70.0 ± 4.7
2.73 ± 0.18
2.38 ± 0.02
45.18 ± 0.67
2.25 ± 0.01

17.2 ± 0.4
46.0 ± 1.1
5.2 ± 0.7
115.2 ± 25.5
27.4 ± 1.8
312 ± 25
3283 ± 88
0.064 ± 0.004
75.0 ± 6.1
10.35 ± 0.60
4.01 ± 0.24
0.96 ± 0.11
65.8 ± 4.4
2.58 ± 0.17
2.39 ± 0.02
45.33 ± 0.68
2.26 ± 0.01

16.0 ± 0.5
43.1 ± 1.5
3.5 ± 0.6
111.4 ± 23.8
20.2 ± 1.2
429 ± 43
3021 ± 85
0.051 ± 0.003
51.3 ± 4.4
8.27 ± 0.71
3.77 ± 0.34
1.11 ± 0.09
67.3 ± 4.5
2.81 ± 0.16
2.34 ± 0.02
43.34 ± 0.75
2.26 ± 0.01

16.9 ± 0.5
44.9 ± 1.5
e
e
25.7 ± 1.5
335 ± 26
3279 ± 112
0.061 ± 0.003
65.0 ± 4.8
9.32 ± 0.63
4.27 ± 0.38
1.01 ± 0.08
71.4 ± 4.2
2.86 ± 0.18
2.33 ± 0.02
44.43 ± 0.79
2.23 ± 0.01

17.2 ± 0.4
46.4 ± 1.4
3.7 ± 0.5
160.4 ± 46.5
26.4 ± 1.8
378 ± 38
3134 ± 110
0.064 ± 0.004
71.0 ± 5.0
9.97 ± 0.66
4.33 ± 0.35
0.98 ± 0.06
70.1 ± 4.8
2.98 ± 0.23
2.34 ± 0.02
45.04 ± 0.88
2.22 ± 0.01

All values are means ± SEM. BMI ¼ body mass index; IGF-BP ¼ IGF binding protein; P1NP ¼ procollagen type 1 amino-terminal propeptide; BSAP ¼ bone-speciﬁc alkaline
phosphatase; CTX ¼ carboxy-terminal collagen crosslinks. * Difference between groups T0 to E2: P ¼ 0.015, interaction term (time  group): P ¼ 0.02; Difference between
groups T0 to E4: P ¼ 0.003, interaction term (time  group): P ¼ 0.716; ** Difference between groups T0 to E4: P ¼ 0.025, interaction term (time  group): P ¼ 0.358.

Difference between groups T0 to E4: P ¼ 0.019, interaction term (time  group): P ¼ 0.065.

without any serious adverse event or withdrawal due to adverse
events.
4. Discussion
This is the ﬁrst randomized controlled trial comparing the effects of higher (15 g per day) vs. lower (3 g per day) protein supplements in the form of fermented dairy products on biochemical
variables of bone metabolism in adult women with AN. The increase in the primary endpoint serum IGF-I levels showed a trend
in favor of the higher protein supplement.
IGF-I levels are consistently found lower in AN [5,8,10e12], with
values below the lower limit of normal range in 58% of the cases [1].
Low serum IGF-I levels are a key contributor to bone loss/low bone
mass and altered trabecular microarchitecture in women with AN
[20]. In addition, a low serum IGF-I level is a risk factor for osteoporotic fracture in post-menopausal women [21]. Low serum IGFBP-3 and maintained serum IGF-BP-2 levels may also contribute
to bone loss [22]. A reduction in dietary protein leads to lower
calcium absorption, secondary hyperparathyroidism [23], and
increased bone turnover [24]. Protein restriction reduces serum
IGF-I levels through a resistance to the action of growth hormone at
the hepatic level [13,25] and an increased IGF-I metabolic clearance
rate [26]. In rats, an isocaloric low protein diet decreases BMD and
bone strength. This is associated with an early decrease in serum
IGF-I and of bone formation with unchanged, or followed by
increased bone resorption [15]. Essential amino acids administration increases serum IGF-I as well as bone formation, and decreases
bone resorption markers [16]. Furthermore, protein supplements
were shown to increase serum IGF-I levels and to attenuate proximal femur bone loss in patients with a recent hip fracture [17].
Under these conditions, we postulated that stimulating endogenous IGF-I secretion through a higher protein intake may improve
bone health in women with AN. Serum IGF-I levels increased in
both the lower and higher protein supplement groups during the 4week intervention phase and the difference between groups almost
reached statistical signiﬁcance (P ¼ 0.071) with an ANCOVA, but
was signiﬁcant with a linear mixed-effects regression model

(P ¼ 0.003). Interestingly, all these values remained constant during
the follow-up phase, i.e., 4 weeks after intervention cessation. This
could be related to the increase in body weight over the 8-week
study period, which similarly increased in both groups. Indeed,
body weight recovery leads to an increase in serum IGF-I levels
followed by a change in biochemical markers of bone turnover and
BMD [22,27e32]. Over the 4-week supplementation and 4-week
follow-up, there was no difference in the biochemical markers of
bone turnover osteocalcin, P1NP and CTX, or in PTH levels, suggesting that the slight change in IGF-I was not accompanied by
some biological response. However, whether longer duration supplementation and/or higher amounts of supplements may translate
into changes of bone turnover, BMD or even fracture risk, would
deserve further investigation. The increase in weight and BMI may
correspond to an improved general nutritional status during hospitalization and may have blunted the difference in serum IGF-I
changes between groups. The expected difference used for the
power calculation was extrapolated from results obtained in
malnourished elderly patients with hip fractures receiving protein
supplements [17] and may be larger than the difference that should
be expected in young female patients with AN.
In most studies in AN, the percentage of energy provided by
proteins is preserved [33]. Nevertheless, the absolute protein intakes are decreased in the more severe forms of the disease, or at
least insufﬁcient to ensure a positive energy balance. However, AN
patients tend to over-report protein-energy intake [34]. Despite a
strict randomization procedure, there was a slight non-statistically
signiﬁcant imbalance in baseline spontaneous dietary protein
intake in favor of the active group. This may have contributed to the
trend to higher baseline IGF-I values in this group and to a blunted
response to the higher protein supplement.
The isocaloric formulation of the fermented dairy products used
in the present study was obtained by reducing the carbohydrate
content of the protein-supplemented preparation. Protein intake
requires the presence of adequate energy to raise serum IGF-I levels
after fasting and the carbohydrate content of the diet is a major
determinant of the responsiveness of IGF-I to growth hormone [13].
This might be an alternative explanation for the lower than
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expected between-group serum IGF-I response difference.
Furthermore, the difference in the protein content between the two
formulations (12 g) may be too low to induce a signiﬁcant difference in the IGF-I response.
In our study, higher compared to lower protein supplements
increased serum albumin-corrected calcium levels during the
intervention phase, statistically, but very likely without a clinical
and/or biological relevance. This effect lasted for at least 4 weeks
after the intervention cessation, while serum iPTH remained stable
and non-signiﬁcantly different between groups. Increased dietary
protein intake, particularly through aromatic amino acids present
in large amounts in dairy products, has been shown to increase
intestinal calcium absorption [35], most likely through an IGF-Idependent process [36] inducing thereby an increase in urinary
calcium excretion [37,38]. We also observed during the follow up a
larger decrease of IGF-BP2 in the intervention group. IGFBP-2 is a
nutritionally controlled protein with an elevation during fasting or
during dietary protein restriction [39]. It has a particular sensitivity
to protein intake. In a study performed in a normal population, 6
days of protein restriction induced a marked elevation of serum
IGFBP-2, while isolated caloric restriction did not change the values
[39]. Another study found similar results. In addition renutrition
with high protein content, decreased the serum levels of IGFBP-2,
while no effect was observed with a refeeding program with a
lower protein intake [40]. Moreover, it is known that diet-induced
modiﬁcations of serum IGFBP-2 occurs after prolonged period [41]
and this may explain why we observed in our study a signiﬁcant
decrease only during the last visit of the follow-up period.
The strengths of our study in this highly challenging patient
group are the homogeneity of the study population and its conduct
in a controlled environment. Including only inpatients ensured a
better control of intake than under outpatient conditions. Only
adult women under the age of 40 years with AN diagnosed according to DSM-IV criteria, admitted for refeeding, and presenting
with lower than 25th percentile serum IGF-I levels at baseline, were
included. The use of estrogen-progestagens as contraceptives was
balanced between groups. To minimize the inﬂuence of milk protein allergy or lactose intolerance, we recruited mainly regular
consumers of dairy products.
This study has several limitations. First, the apparent signiﬁcant
results (þ20.2 vs þ 16.8%) stemmed from a post hoc analysis.
However, mixed-effects regression has advantages over classical
ANCOVA in dealing with repeated measures [42]. It uses all available data of each subject, is unaffected by missing data and thus
does not need data imputation. Second, we did not record dietary
intakes during the trial and thus we do not know the absolute
difference in protein consumed between the groups. We cannot
exclude a modiﬁcation of the diet during the study period. Finally,
the changes in absolute IGF-I values were very small. It has still to
be demonstrated whether these changes would be clinically
meaningful.
5. Conclusion
In adult women with AN, isocaloric protein supplements, provided as fermented dairy products, during 4 weeks, tended to increase serum IGF-I.
Authors' contributions
AT participated to study design, data collection, statistical
analysis and interpretation, and writing of the paper. EC participated to protocol design and data collection. AP participated to
protocol design and data collection. FL participated to data collection and critical revision of the manuscript. JLV participated to data

1037

collection and critical revision of the manuscript. FRH contributed
to the statistical analysis and critical revision of the manuscript. RR
participated in the study design, data statistical analysis and
interpretation, and writing of the paper.
Competing interests
None declared.
Funding
This work was supported by the University Hospitals of Geneva.
Danone Research supplied the study products. The funding source
had no role in the design and conduct of the study, analysis or
interpretation of the data, or preparation or ﬁnal approval of the
manuscript prior to publication.
Conﬂict of interest
None.
Acknowledgments
We are grateful to Dr Philippe Kress for his critical review of the
manuscript. The authors thank Rosemary Sudan and Katy Giroux
for their editorial assistance. We thank Danone Reseach for supplying the study products.
Appendix A. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.clnu.2015.10.014.
References
[1] Trombetti A, Richert L, Herrmann FR, Chevalley T, Graf JD, Rizzoli R. Selective
determinants of low bone mineral mass in adult women with anorexia
nervosa. Int J Endocrinol 2013;2013:897193.
[2] Vestergaard P, Emborg C, Stoving RK, Hagen C, Mosekilde L, Brixen K. Fractures in patients with anorexia nervosa, bulimia nervosa, and other eating
disordersea nationwide register study. Int J Eat Disord 2002;32:301e8.
[3] Rigotti NA, Neer RM, Skates SJ, Herzog DB, Nussbaum SR. The clinical course of
osteoporosis in anorexia nervosa. A longitudinal study of cortical bone mass.
J Am Med Assoc 1991;265:1133e8.
[4] Counts DR, Gwirtsman H, Carlsson LM, Lesem M, Cutler Jr GB. The effect of
anorexia nervosa and refeeding on growth hormone-binding protein, the
insulin-like growth factors (IGFs), and the IGF-binding proteins. J Clin Endocrinol Metab 1992;75:762e7.
[5] Grinspoon S, Baum H, Lee K, Anderson E, Herzog D, Klibanski A. Effects of
short-term recombinant human insulin-like growth factor I administration on
bone turnover in osteopenic women with anorexia nervosa. J Clin Endocrinol
Metab 1996;81:3864e70.
[6] Grinspoon S, Thomas L, Miller K, Herzog D, Klibanski A. Effects of recombinant
human IGF-I and oral contraceptive administration on bone density in
anorexia nervosa. J Clin Endocrinol Metab 2002;87:2883e91.
[7] Soyka LA, Grinspoon S, Levitsky LL, Herzog DB, Klibanski A. The effects of
anorexia nervosa on bone metabolism in female adolescents. J Clin Endocrinol
Metab 1999;84:4489e96.
[8] Nogueira JP, Valero R, Maraninchi M, Lorec AM, Samuelian-Massat C, Begu-Le
Corroller A, et al. Growth hormone level at admission and its evolution during
refeeding are predictive of short-term outcome in restrictive anorexia nervosa. Br J Nutr 2013;109:2175e81.
[9] Caregaro L, Favaro A, Santonastaso P, Alberino F, Di Pascoli L, Nardi M, et al.
Insulin-like growth factor 1 (IGF-1), a nutritional marker in patients with
eating disorders. Clin Nutr 2001;20:251e7.
[10] Polli N, Scacchi M, Pecori Giraldi F, Sormani M, Zappulli D, Cavagnini F. Low
insulin-like growth factor I and leukopenia in anorexia nervosa. Int J Eat
Disord 2008;41:355e9.
[11] Stoving RK, Chen JW, Glintborg D, Brixen K, Flyvbjerg A, Horder K, et al.
Bioactive insulin-like growth factor (IGF) I and IGF-binding protein-1 in
anorexia nervosa. J Clin Endocrinol Metab 2007;92:2323e9.
[12] Misra M, McGrane J, Miller KK, Goldstein MA, Ebrahimi S, Weigel T, et al.
Effects of rhIGF-1 administration on surrogate markers of bone turnover in
adolescents with anorexia nervosa. Bone 2009;45:493e8.

1038

A. Trombetti et al. / Clinical Nutrition 35 (2016) 1032e1038

[13] Thissen JP, Ketelslegers JM, Underwood LE. Nutritional regulation of the
insulin-like growth factors. Endocr Rev 1994;15:80e101.
[14] Musey VC, Goldstein S, Farmer PK, Moore PB, Phillips LS. Differential regulation of IGF-1 and IGF-binding protein-1 by dietary composition in humans.
Am J Med Sci 1993;305:131e8.
[15] Ammann P, Bourrin S, Bonjour JP, Meyer JM, Rizzoli R. Protein undernutritioninduced bone loss is associated with decreased IGF-I levels and estrogen
deﬁciency. J Bone Miner Res 2000;15:683e90.
[16] Ammann P, Laib A, Bonjour JP, Meyer JM, Ruegsegger P, Rizzoli R. Dietary
essential amino acid supplements increase bone strength by inﬂuencing bone
mass and bone microarchitecture in ovariectomized adult rats fed an isocaloric low-protein diet. J Bone Miner Res 2002;17:1264e72.
[17] Schurch MA, Rizzoli R, Slosman D, Vadas L, Vergnaud P, Bonjour JP. Protein
supplements increase serum insulin-like growth factor-I levels and attenuate
proximal femur bone loss in patients with recent hip fracture. A randomized,
double-blind, placebo-controlled trial. Ann Intern Med 1998;128:801e9.
[18] Clemmons DR, Seek MM, Underwood LE. Supplemental essential amino acids
augment the somatomedin-C/insulin-like growth factor I response to
refeeding after fasting. Metabolism 1985;34:391e5.
[19] Zhu K, Meng X, Kerr DA, Devine A, Solah V, Binns CW, et al. The effects of a
two-year randomized, controlled trial of whey protein supplementation on
bone structure, IGF-1, and urinary calcium excretion in older postmenopausal
women. J Bone Miner Res Off J Am Soc Bone Miner Res 2011;26:2298e306.
[20] Lawson EA, Miller KK, Bredella MA, Phan C, Misra M, Meenaghan E, et al.
Hormone predictors of abnormal bone microarchitecture in women with
anorexia nervosa. Bone 2010;46:458e63.
[21] Garnero P, Sornay-Rendu E, Delmas PD. Low serum IGF-1 and occurrence of
osteoporotic fractures in postmenopausal women. Lancet 2000;355:898e9.
[22] Hotta M, Fukuda I, Sato K, Hizuka N, Shibasaki T, Takano K. The relationship
between bone turnover and body weight, serum insulin-like growth factor
(IGF) I, and serum IGF-binding protein levels in patients with anorexia
nervosa. J Clin Endocrinol Metab 2000;85:200e6.
[23] Kerstetter JE, O'Brien KO, Insogna KL. Dietary protein, calcium metabolism,
and skeletal homeostasis revisited. Am J Clin Nutr 2003;78:584Se92S.
[24] Kerstetter JE, Mitnick ME, Gundberg CM, Caseria DM, Ellison AF, Carpenter TO,
et al. Changes in bone turnover in young women consuming different levels of
dietary protein. J Clin Endocrinol Metab 1999;84:1052e5.
[25] VandeHaar MJ, Moats-Staats BM, Davenport ML, Walker JL, Ketelslegers JM,
Sharma BK, et al. Reduced serum concentrations of insulin-like growth factorI (IGF-I) in protein-restricted growing rats are accompanied by reduced IGF-I
mRNA levels in liver and skeletal muscle. J Endocrinol 1991;130:305e12.
[26] Thissen JP, Davenport ML, Pucilowska JB, Miles MV, Underwood LE. Increased
serum clearance and degradation of 125I-labeled IGF-I in protein-restricted
rats. Am J Physiol 1992;262:E406e11.
[27] Compston JE, McConachie C, Stott C, Hannon RA, Kaptoge S, Debiram I, et al.
Changes in bone mineral density, body composition and biochemical markers
of bone turnover during weight gain in adolescents with severe anorexia
nervosa: a 1-year prospective study. Osteoporos Int 2006;17:77e84.
[28] Grinspoon S, Miller K, Herzog D, Clemmons D, Klibanski A. Effects of recombinant human insulin-like growth factor (IGF)-I and estrogen administration

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]
[38]
[39]

[40]

[41]

[42]

on IGF-I, IGF binding protein (IGFBP)-2, and IGFBP-3 in anorexia nervosa: a
randomized-controlled study. J Clin Endocrinol Metab 2003;88:1142e9.
Miller KK, Grinspoon SK, Ciampa J, Hier J, Herzog D, Klibanski A. Medical
ﬁndings in outpatients with anorexia nervosa. Arch Intern Med 2005;165:
561e6.
Hotta M, Shibasaki T, Sato K, Demura H. The importance of body weight
history in the occurrence and recovery of osteoporosis in patients with
anorexia nervosa: evaluation by dual X-ray absorptiometry and bone metabolic markers. Eur J Endocrinol 1998;139:276e83.
Heer M, Mika C, Grzella I, Heussen N, Herpertz-Dahlmann B. Bone turnover
during inpatient nutritional therapy and outpatient follow-up in patients with
anorexia nervosa compared with that in healthy control subjects. Am J Clin
Nutr 2004;80:774e81.
Viapiana O, Gatti D, Dalle Grave R, Todesco T, Rossini M, Braga V, et al. Marked
increases in bone mineral density and biochemical markers of bone turnover
in patients with anorexia nervosa gaining weight. Bone 2007;40:1073e7.
Misra M, Tsai P, Anderson EJ, Hubbard JL, Gallagher K, Soyka LA, et al. Nutrient
intake in community-dwelling adolescent girls with anorexia nervosa and in
healthy adolescents. Am J Clin Nutr 2006;84:698e706.
Schebendach JE, Porter KJ, Wolper C, Walsh BT, Mayer LE. Accuracy of selfreported energy intake in weight-restored patients with anorexia nervosa
compared with obese and normal weight individuals. Int J Eat Disord
2012;45:570e4.
Kerstetter JE, O'Brien KO, Caseria DM, Wall DE, Insogna KL. The impact of
dietary protein on calcium absorption and kinetic measures of bone turnover
in women. J Clin Endocrinol Metab 2005;90:26e31.
Dawson-Hughes B, Harris SS, Rasmussen HM, Dallal GE. Comparative effects
of oral aromatic and branched-chain amino acids on urine calcium excretion
in humans. In: Osteoporosis international: a journal established as result of
cooperation between the European foundation for osteoporosis and the national osteoporosis foundation of the USAvol. 18; 2007. p. 955e61.
Allen LH, Oddoye EA, Margen S. Protein-induced hypercalciuria: a longer term
study. Am J Clin Nutr 1979;32:741e9.
Kerstetter JE, Allen LH. Dietary protein increases urinary calcium. J Nutr
1990;120:134e6.
Smith WJ, Underwood LE, Clemmons DR. Effects of caloric or protein restriction on insulin-like growth factor-I (IGF-I) and IGF-binding proteins in
children and adults. J Clin Endocrinol Metab 1995;80:443e9.
Pucilowska JB, Davenport ML, Kabir I, Clemmons DR, Thissen JP, Butler T, et al.
The effect of dietary protein supplementation on insulin-like growth factors
(IGFs) and IGF-binding proteins in children with shigellosis. J Clin Endocrinol
Metab 1993;77:1516e21.
Clemmons DR, Snyder DK, Busby Jr WH. Variables controlling the secretion of
insulin-like growth factor binding protein-2 in normal human subjects. J Clin
Endocrinol Metab 1991;73:727e33.
Gueorguieva R, Krystal JH. Move over ANOVA: progress in analyzing repeatedmeasures data and its reﬂection in papers published in the archives of general
psychiatry. Arch Gen Psychiatry 2004;61:310e7.

