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Abstract

Background Osteogenesis Imperfecta (Ol) is a heterogeneous group of connective tissue disorders, characterized
by varying degrees of skeletal fragility. Patients experience a range of comorbidities, such as obesity, cardiovascular,
and gastrointestinal complications, especially in adulthood. All aspects that could benefit from dietary intervention.
The aim of this study was to evaluate the effects of a 6-months restricted Mediterranean Diet (tMD) on nutritional
status in adult patients affected by Ol.

We carried out a 6-months longitudinal pilot study. 14 adults (median age: 35 years; 7 women; 7 Ol type Ill)

where recruited in 2019 among the members of AsIt.O.l, the Italian Association of Osteogenesis Imperfecta. As.It.O.l.
All the evaluations were performed at the University of Milan, Italy. The rMD provided a reduction of 30% from daily
total energy expenditure. 45% of calories derived from carbohydrates, 35% from fat and 0.7-1.0 g/kg of body weight
from proteins. Comparisons of continuous variables after 6 months of intervention were performed by the paired
t-test. All P-values were two-tailed, and p <0.05 was considered significant.

Results Patients showed significant improvement in anthropometric measurements (BMI=30.5 vs 28.1 kg/cm?,

p <0.001; Body Fat %=32.9 vs 29.9, p=0.006; Waist circumferences=83.6 vs 79.6 cm; p<0.001; Arm Fat Area=29.8

vs 23.07 cm? p<0.011) and energy expenditure (REE/kg=27.2 vs 29.2 kcal/kg, p < 0.001). Glucose and lipid profiles
improved (Aglycemia=—-8.6+7.3 mg/dL, p=0.003; ATC=—-14.6+20.1 mg/dL, p=0.036; ALDL=—-12.0£12.1 mg/dL,
p=0.009). Adherence to the MD significantly increased, moving from a moderate to a strong adherence and reporting
an increased consumption of white meat, legumes, fish, nuts, fruits and vegetables.

Conclusion A rMD was effective in improving nutritional status and dietary quality in adults with Ol. These results
underscores the need to raise awareness of nutrition as part of the multidisciplinary treatment of this disease.
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Introduction

The term Osteogenesis Imperfecta (OI) refers to a group
of inherited connective tissue disorders, a heterogene-
ous group of diseases characterised by varying degrees
of skeletal fragility and deformity, decreased bone mass
and susceptibility to bone fractures [1]. In most cases, OI
is due to mutations in the COL1A1 and COL1A2 genes,
which code for the a-1 and a-2 chains of type I collagen,
the main component of bones, muscles and ligaments. In
O these genetic defects can either reduce the amount of
collagen (quantitative defects) or its structure (qualitative
defects); in the former case, we have a milder phenotype
and, in the latter a severe phenotype [1]. At the clinical
level, five forms of OI have been identified. The most
prominent clinical sign in all types of Ol is skeletal fragil-
ity, manifested by multiple fractures. OI type 2 is lethal,
type 3 is severe, types 4 and 5 are moderate, and type 1 is
mild [1].

In addition to bone fragility, with a high incidence of
fractures and skeletal deformities, other manifestations
of the disease are dentinogenesis imperfecta, joint hyper-
mobility, cardiovascular complications, muscle weakness,
and respiratory problems, which vary according to tho-
racic and/or spinal deformities [2—4]. In patients with OI,
it is not uncommon to also find constipation, especially
in the most severe forms: pelvic asymmetry and limited
mobility are among the main causes of constipation.
Oral problems due to dentinogenesis imperfecta (with
reduced muscle strength and tongue control) can lead
to difficulties in chewing hard and solid foods, reducing
dietary intake and promoting undernutrition. In some
individuals with the most severe forms, there may also be
difficulties in swallowing [5]. By contrast, the abnormal
reduction of physical activity leads to excess weight and
its related problems, such as type II diabetes, hyperten-
sion and dyslipidemia, not uncommon in patients with
OI [6]. In one study Chagas et al. [7] found an increase in
fractures and bone disorders in women with increased fat
mass, independent of other parameters such as weight,
age or level of physical activity. In our recent study, we
showed how, in adulthood, abnormalities of nutritional
status cause respiratory and sleep-related complications
such as obstructive sleep apnea, with a significant reduc-
tion in quality of life [3].

All these aspects could benefit from a dietary inter-
vention [7]. Diet is a modifiable factor in the develop-
ment and maintenance of health, including bone mass.
Current research shows that the consumption of food
groups typical of the Mediterranean diet (MD), such as
fruit, vegetables, nuts, low-fat dairy products, and fish,
is essential for maintaining good bone health due to
the synergistic effect of nutrients such as fiber, protein,
vitamins and minerals [8]. Moreover, the use of extra
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virgin olive oil as the primary source of fat has been
shown to be beneficial in preventing bone loss, espe-
cially during a weight-loss program, probably due to
the high content of polyphenols. MD is also a diet poor
in noxious foods, and moderate alcohol consumption
that could have detrimental effects on bone mass, dis-
rupting the balance of vitamins and local growth fac-
tors that regulates the distribution of calcium between
blood and bone by affecting the hormones that regu-
late calcium metabolism as well as the hormones that
influence calcium metabolism indirectly [9, 10]. More-
over, salt loading resulted in urinary calcium loss and
increased bone turnover [11]. So, MD may positively
interact in this crosstalk between bone-muscle-adipose
tissue; however, surprisingly, there is no study on the
effect of a protective dietary pattern in the management
of nutritional abnormalities in OI, but clinical stud-
ies are focusing only on the role of calcium intake and,
what’s more, only on paediatric patients [7, 12-14].

Therefore, the aim of this study was to evaluate the
short-term effects of a MD in the nutritional status of
adult patients affected by OI.

Materials and methods

Ethics

The study was conducted according to the statement of
the Declaration of Helsinki and the use of data for pub-
lication was approved by the Ethics Board of Politecnico
di Milano, Italy (Parere n. 47/2021). All patients provided
written informed consent before the beginning of the
study.

Study design and inclusion criteria

This was a prospective, 6-months longitudinal pilot study
of patients with OI treated with MD. The primary out-
come was to evaluate the change from pre-intervention
in nutritional status, considering anthropometric meas-
urements, body composition, resting energy expenditure,
and biochemical parameters, such as glucose, lipid profile
(triglycerides [TG], total cholesterol [TC], low-density
lipoprotein cholesterol [LDL-C], and high-density lipo-
protein cholesterol [HDL-C]), liver enzymes (alanine
aminotransferase [ALT], aspartate aminotransferase
[AST], gamma-glutamyl transferase [GGT]), uric acid,
urea and creatinine.

We conducted assessments during pre-intervention
and six months of intervention.

Inclusion criteria were confirmed diagnosis of OI type
III and 1V, stable condition, absence of severe cardiores-
piratory pathologies, willingness to participate in the
study and to travel to Milan for the tests.
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Participants

Patients were recruited among the members of As.It.O.I.,
the Italian Association of Osteogenesis Imperfecta.
As.It.O.I, by posting an announcement on the asso-
ciation’s Facebook page from February 2019. Nutritional
measurements and diets were performed at the Interna-
tional Center for the Assessment of Nutritional Status
(ICANS) of the University of Milan.

Forty-five patients answered the announcement will-
ing to participate in the study, but 18 did not meet the
inclusion criteria or declined to participate, with logistic
and independent travelling to Milan being the principal
impediment. 27 OI patients (70% women; 14 type III)
were therefore recruited for this study.

Study design

At pre-intervention, each patient filled out a 7-days
dietary record elaborated by a specialized dietician, to
assess habitual caloric intake, intolerances and food pref-
erences, and to compare with the recommendation [15].
Moreover, the following variables were collected: adher-
ence to the MD, parameters of nutritional status (anthro-
pometric measurements, resting energy expenditure) and
biochemical variables.

At follow-up, after 6-months, the same variables were
collected.

The main outcome was the change of the nutritional
status in terms of anthropometric parameters (body
weight, waist circumference, body fat mass e fat free
mass).

Adherence to the Mediterranean diet

Adherence to the traditional MD was assessed using a
validated 14-item questionnaire [16]. The guidelines set
out by the Prevencion con Dieta Mediterranea (PRED-
IMED) study group (www.predimed.es) with some adap-
tation already employed in previous studies were used
to obtain the a MEDiterranean Diet Adherence Score
(MEDAS) [17, 18]. One point was attributed for each of
the following: (1) olive oil as the main cooking fat; (2)
olive oil >4 tablespoons/day; (3) vegetables>2 servings/
day (or>1 portion raw or salad); (4) fruit>3 servings/
day; (5) red or processed meat<1 serving/day; (6) but-
ter or cream or margarine<1/day; (7) sugar-sweetened
beverages<1/day; (8) wine>3 glasses/week; (9) leg-
umes >3 servings/week; (10) fish/seafood >3 servings/
week; (11) commercial sweets and confectionery<3/
week; (12) nuts > 1/week; (13) white more than red meats
(ves); and (14) use of sofrito>2/week. Participants with
MEDAS >9 points were considered as complying with a
dietary pattern in accordance with the MD [Schroeder].
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Assessment of nutritional status

The assessment of nutritional status results from anthro-
pometric measurements, body composition in terms of
fat and fat-free mass and resting energy expenditure.

Anthropometric measurements were performed by the
same trained dietitian according to conventional meas-
urement criteria and procedures [19, 20].

Body weight (BW, kg) and body height (BH, cm) were
measured with an accuracy of 100 g and 0.5 c¢m, respec-
tively. Body mass index (BMI) was calculated using the
formula BW (kg)/BH? (m?). Normal weight was defined
as BMI between 18.5 and 25 kg/m? [21]. Waist circum-
ference (WC) was measured in supine position at the
end of a normal exhalation with an inextensible tape,
with millimetre precision. The measurement was taken
at the midpoint between the last rib and the iliac crest
in a horizontal plane. WC was quantified with reference
tables for age and sex [21]. The neck circumference (NC)
was measured with the subject looking straight ahead,
with shoulders slumped but not hunched. The measure-
ment was taken at the middle of the neck, between the
mid-cervical spine and the anterior half of the neck, to
the nearest 1 mm, using a nonelastic plastic tape. Skin-
fold thickness was measured on the non-dominant side
of the body with a Holtain LTD calliper at the tricipital
repere site. Biceps, triceps, sub-scapular, and supra-iliac
skinfolds were taken in triplicate for all sites, and the
mean of the three values was calculated. Intra-observer
variation for skinfold measurements ranged from 2.5%
to 2.9%. Body density was calculated by the Durnin and
Womersley method [22] and fat mass percentage of body
weight (FM%) by the Siri formula [23]. Arm Muscular
Area (AMA) and Arm Fat Area (AFA), indicators of mus-
cle and fat depots, were also calculated and interpreted
according to the NHANES percentiles [24].

Resting energy expenditure

To measure oxygen consumption (VO,) and carbon diox-
ide production (VCO,) we used an open-circuit venti-
lated-hood system (Q-NRG, Cosmed, Roma, Italy). We
took the measurements in a thermoneutral environment
(ambient temperature 24—26 °C) devoid of external stim-
uli. At the beginning of each test, the calorimeter was cal-
ibrated: there were two reference gas mixtures (26% O,
and 74% N,; 16% O,, 4.09% CO, and 79.91% N,, respec-
tively). Subjects were fasted for at least 12 h. Data collec-
tion time was at least 20 min, with a 5 min run-in time
for stabilization and time to allow to get used to the can-
opy and instrument noise. Steady state was determined
by five consecutive minutes in which VO, and VCO,
variations were less than 10%. Averaging the steady state
values allowed the determination of 24 h Resting Energy
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Expenditure (REE), done by using the abbreviated Weir
equation [25]. The ratio VCO,/VO, gave the respiratory
quotient (RQ). Measured REE values were compared
with predicted REE value (pREE) based on the Harris-
Benedict equation [26].

Biochemical parameters

Fasting blood samples were collected by venipuncture
of the antecubital vein in a sitting or reclining position,
using vacuum tubes. After centrifugation (800 g for
10 min at 5 °C), aliquots of samples were stored at 80 °C
until further analysis. An autoanalyzer (Cobas Integra
400 plus, Roche Diagnostics, Mannheim) was used to
determine serum concentrations of glucose, TC, HDL-
C, LDL-C, TG, AST, ALT, GGT, creatinine and uric acid.
The following values were defined as high: TC>200 mg/
dL, LDL-C>130 mg/dL, TG>150 mg/dL, blood glu-
cose>100 mg/dL, whereas, the following values were
considered low: HDL <40 mg/dL for males and <50 mg/
dL for females 28—-30. Regarding liver enzymes, AST >30
U/L, ALT >35 U/L and GGT >18 U/L were considered
high in females, whereas AST >45 U/L, ALT >40 U/L
and GGT>28 U/L in males according to the normal
upper limit of the ICANS laboratory.

Dietary intervention
The restricted MD (rMD) was tailored to the patient,
considering the energy expenditure related to REE meas-
ured by indirect calorimetry and physical activity level.
The calorie deficit was 30% of total daily energy require-
ments. All participants received a restricted MD com-
posed of 40% fat, 15% proteins, and 45% carbohydrates
with consumption of traditional Mediterranean foods
as olive oil, nuts, and bluefishes, rich of bone-protective
nutrients, as calcium vitamin D, high-value proteins,
magnesium, zinc. Each patient’s allergies, intolerances,
and food preferences were also considered. All patients
have maintained the vitamin D supplementation, accord-
ing to the prescribed standard of care. Before the begin-
ning of the dietary protocol, patients and caregivers
received preliminary counselling to clarify any doubts
and to promote a total understanding of the diet, the
attention and time required for meal preparation, food
costs, and possible side effects of the diet.

To monitor patients during the follow-up, a periodic
interview with specialised dietitians was arranged every
month by videoconsultation.

Statistical analysis

As previously indicated, OI is a rare disease and no study
has evaluated our primary outcomes in OI, the standard-
ised formulas for sample size calculation are not applica-
ble. Variables are expressed as means + SD. Because of the
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paired data, comparisons of continuous variables, before
and after 6 months of intervention, were performed
by the paired t test. All P-values were two-tailed, and
p<0.05 was considered significant. Statistical analysis
was performed using IBM SPSS Statistics software ver-
sion 26.0 for Windows (IBM, Armonk, NY, USA).

Results

Twenty-seven  patients  were  recruited  (age:
34.6+8.1 years; 71% women). 5 (19%) lost to follow-up
and 8 (30%) followed the intervention intermittently, so
14 patients completed the 6-mo protocol (10 affected by
Ol type III and 4 affected by OI type I). See the flowchart
in Fig. 1.

Dietary intakes
Table 1 shows the daily dietary intakes before and after
the beginning of the rMD.

At baseline, both saturated fats and simple sugars were
higher than the recommended [15], and both returned in
the normal range according to the diet.

Fibre, iron and calcium intakes were lower than recom-
mended at baseline and they significantly increased after
the rMD, doubling the intake consumed and achieving
the recommended requirements [15].

As expected, the MEDAS significantly increased, mov-
ing from a moderate to a strong adherence. In particular,
patients have reported increased consumption of white
meat, legumes, fish, nuts, fruits and vegetables.

Nutritional status

Pre-intervention

Baseline nutritional status and biochemical data are sum-
marised in Table 2.

8 (57%) patients were overweight, 3 (21%) were affected
by obesity type I, 1 (7%) by obesity type II, 2 (14%) were
affected by obesity type III. The WC was higher than nor-
mal in all these patients.

Regarding biochemical parameters, 3 (21%) patients
had hyperglycemia, 1 (7%) hyperuricemia, 5 TC, LDL and
TG above the normal range.

Post-intervention
The effects of rMD at 6-mo on nutritional status are

reported in Table 2.
Following the rMD, patients reported a
significant reduction in weight and BMI (mean

Aweight=—-3.2+2.3 k;  p<0.001), accompanied
by a significant reduction in NC, WC and AFA
and maintenance of AMA. Regarding biochemical
parameters, all patients showed blood glucose in the
normal range (Aglycemia=-8.6+7.3 mg/d, p=0.003).
Lipid profile values returned to normal levels in 3 out
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[ Enrollment

Assessed for eligibility (n= 45)

Excluded (n= 18)

+ Not meeting inclusion criteria (n= 14)
+ Declined to participate (n=4)

+ Otherreasons (n=0)

A 4

h 4

Recruited (n=27)

[ Follow-Up

Lost to follow-up (n=5)

Discontinued intervention (n= 8)

Completed the intervention (n= 14)

Fig. 1 Patients'flowchart

Table 1 Daily dietary intake before and after the restricted  of 5 patients while it also dropped significantly in the

Mediterranean Diet remaining 2, who were characterized by abnormal
Pre-intervention Post- pvalue Vvalues at baseline (ATC=-14.6+20.1 mg/dL,
intervention ALDL=-12.0+12.1 mg/dL, ATG=-11.2+33.7 mg/dL).
Mean  SD PR The patient with hyperuricemia reported normal values
at 6-mo.
Dietary intake
MEDAS 690 160 960 151 0032  Discussion

Kcal/kg BW 3100 1321 32701079 <0001 To our knowledge, this is the first study to investigate
Proteins (g)/kg BW 129 052 151 034 0002 the short-term effects of a rMD on nutritional status, in
Fat (%) 3190 506 3670 368 0006 terms of both anthropometric measurements, body com-
Saturated fat (%) 1915 256 891 222 <0001 position, resting energy expenditure and biochemical
Carbohydrates (%) 5124 664 4689 261 071 parameters, during a 6-months follow-up in a cohort of

Simple sugars (%) 25.12 8.03 14.89 261 <0001 adults affected by OL
Fibre (g) 174 6% 1949 530 0002 A well-tailored restricted Mediterranean diet was
Iron (mg) 579 245 1031 238 0003 effective in the management of nutritional outcomes in
Calcium (mg) 40463 30696 85411 15958 0.003 overweight and obese patients affected by OI. Excessive
Sodium (mg) 113436 75366 124700 61053 0253 body weight may be a factor limiting mobility in adults
Magnesium (mg) 7851 2305 7925 1928 0297 with OI: a significant decrease in weight, BMI and fat
Zinc (mg) 1725 4451 17.08 2310502 mass at both neck and waist and limb levels occurred
Vitamin D (ug) 165 147 261 116 0.070 in all patients, accompanied by the maintenance of the

MEDAS MEDiterranean Diet Adherence Score AMA, an indicator of muscle mass and protein stores
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Table 2 Nutritional outcomes in 14 adults with Ol undergoing
restricted Mediterranean Diet

Pre-intervention Post- Pvalue
intervention
Mean sD Mean sD
Anthropometric parameters
BW (kg) 4359  19.80 4041 18.85 <0.001
BMI (kg/m?) 3047 8.09 28.07 753 <0001
WC (cm) 83.61 18.38 79.61 17.79  <0.001
NC (cm) 36.52 508 3458 463 <0001
H/WC 7188  16.19 6837 1561 <0.001
H/NC 3162 6.16 29.84 532 <0001
NC/WC 44.59 544 4247 638 0863
Body Fat (%) 3292 7.50 29.85 844  0.006
AMA (cm?) 3384 1201 3324 937 0607
AFA (cm?) 2980 16.12 2307 1565 0011
Resting energy expenditure
RQ 0.86 0.05 0.85 005 0.149
REE (kcal/kg BW) 27.26 6.04 29.20 779 <0001
REE/pREE % 9940 1497 9890 1566 0651
Blood parameters
Glucose (mg/dL) 86.91 1317 7855 1550  0.003
Uric acid (mg/dL) 4.73 1.02 5.05 125 0107
Urea (mg/dL) 30.64 9.16 29.64 478 0631
Creatinine (mg/dL) 0.39 0.20 047 020  0.063
TC (mg/dL) 19945 3271 18482 2359 0036
HDL-C (mg/dL) 52.00 8.39 5818 2745 0511
TC/HDL 391 0.78 352 090 0302
LDL-C (mg/dL) 131.55 2486 11955 1884  0.009
TG (mg/dL) 8891  36.64 8773 1670 0910
GGT 1764 1131 15.52 704 0.250
AST 19.67 5.29 19.90 549 0805
ALT 2056 1733 19.91 12.77 0762
Vitamin D (ng/mL) 2919 1612 3076 1605 0799

BW body weight, BMI Body Mass Index, WC waist circumference, NC neck
circumference, H height, AMA arm muscle area, AFA arm fat area, RQ respiratory
quotient, REE resting energy expenditure, pREE predicted REE using Harris-
Benedict equation, TC total cholesterol, HDL-C high density lipoprotein
cholesterol, LDL-C low density lipoprotein cholesterol, TG triglycerides, ALT
Alanine Amino Transferase, AST Aspartate Amino Transferase, GGT y-glutamyl
transferase

[27]. In addition, the diet was also effective in reducing
and improving glucose and lipid metabolism parameters
in those patients whose values were above normal at
baseline.

These results are due to the associated caloric
restriction and the Mediterranean dietary pattern with
a significant consumption of protective foods, such as
legumes, poultry, fish, nuts, fruits and vegetables. These
foods provide a high content of fibres, monounsaturated
fatty acids and a reduced intake of saturated fatty acids.
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Furthermore, the MD is characterized by an average
intake of seafood, poultry, and dairy products, and
low consumption of red meat and sweets. This leads
to an improvement in body composition, in terms of
maintenance of lean mass and reduction of fat mass,
especially at the central level (i.e. neck and waist),
associated with increased risk of diseases and reduction
of bone mineral content [28, 29].

These findings support the results of Chagas’ et al. on
children affected by OI [7]. It further highlights the need
for patients with OI of individualised nutritional support
to improve body composition, a risk factor for bone frac-
tures in OI, and to potentiate pharmacologic and physi-
cal therapies. Moreover, a balanced diet could disrupt the
dangerous vicious circle found in O], in which breathing,
sleep and nutritional status are tightly linked, and they
might all end up negatively affecting the quality of life [3].

Our sample of OI patients reported a high level of
dropout (49% between dropout and intermittent inter-
vention), being in line with those reported regard-
ing dietary interventions aimed at weight loss (57% at
6-months) [30, 31]. Such high dropout is probably due to
age <50 years and psychopathological symptoms, further
exacerbated by the disabling disease that dramatically
affects the quality of life while putting nutritional issues
on the back burner.

The quality of the data collected is one of the study’s
strengths, as the same specialised operators, thus ensur-
ing less variability, mainly collected all measurements
and biochemical assays at the same centre. As far as we
know, this is first study that overall assessed the nutri-
tional status of OI adult patients for such a follow-up and
that has considered both body composition and REE,
in addition to biochemical parameters. Finally, REE has
been assessed by indirect calorimetry, the gold standard
method for measuring energy needs, and the use of the
Harris-Benedict equation to predict REE used in the gen-
eral population was successful in OI patients reporting
a percentage of adherence between measured and pre-
dicted REE nearly 100%. However, we are aware of some
limitations: a control group was not included in the study
and it does not allow discrimination between the effect of
overall weight loss and the type of diet (rMD respected
to other diet). Another limitation is the small number of
patients recruited: OI is a very rare disease, so it is dif-
ficult to find a large representative sample. Moreover, the
high dropout, especially the discontinuity of the interven-
tion, underscores the need to raise awareness of nutri-
tion as part of the multidisciplinary treatment of disease,
strengthening the importance of nutritional counselling
in its management. Body composition parameters were
measured by a surrogate method as anthropometry and
not with the gold standard method dual-energy X-ray
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absorptiometry (DEXA) [32]. DEXA proved to be a more
accurate quantification method because of the physi-
ological and pathological states; however, in the clinical
setting, when these methods are not available, alternative
methods can be used depending upon the severity of the
phenotype of the subject [32]. Finally, no bone-function-
ality outcomes have been measured to assess diet-related
changes, so further studies are needed to test the effec-
tiveness of MD on bone metabolism.

Conclusion

Here we present the 6-months effects of an rMD in adults
with OI. The short-term adherence to rMD had a good
safety profile improving anthropometric measurements,
body composition, resting energy expenditure and bio-
chemical parameters. We found no evidence of potential
adverse effects on the nutritional status of OI. System-
atic anthropometric assessment allows early detection of
abnormalities in nutritional status in OI that enables spe-
cialists to make an effective intervention [33]. MD seems
to be greatly appreciated and could increase the supply
and synergy between all nutrients involved in bone and
collagen metabolism, such as calcium, protein, magne-
sium, phosphorus, vitamin D, potassium, and fluoride
[34].

Our before-and-after comparison study design and
the small sample size allowed us to obtain preliminary
results, which need to be confirmed in larger long-term
clinical studies.
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pREE Predicted resting energy expenditure value
REE Resting energy expenditure

Acknowledgements

Special thanks go to the patients who volunteered to be part of the project;
to Leonardo Panzeri and AsITOI for the precious logistic organization, and to
Alice Delledonne for her help in the data acquisition.

Page 7 of 8

Author contributions

Conceived and designed the study: RDA, ALM; data collection: RDA, ABr, GDC,
ALM, AF; Data analysis and drafting of the manuscript: RD, ALM, SB, AF, AL, AB.
All authors discussed the results, reviewed the manuscript and approved its
final version.

Funding

The project was funded by Care4BrittleBones and by As.It.O.l and was
supported by a contribution of the “Piano di sostegno alla ricerca- Linea 2,
azione A-grant number PSR2021_RDEAM".

Availability of data and materials
The data that support the findings of this study are available on https://doi.
0rg/10.5281/zenodo.10618488.

Declarations

Ethics approval and consent to participate

The study was conducted according to the statement of the Declaration of
Helsinki and the use of data for publication was approved by the Ethics Board
of Politecnico di Milano, Italy (Parere n. 47/2021). All patients provided written
informed consent before the beginning of the study.

Consent for publication
Not applicable.

Competing interests
The authors have no conflict of interest to declare.

Author details

'International Center for the Assessment of Nutritional Status and the Devel-
opment of Dietary Intervention Strategies (ICANS-DIS), Department

of Food, Environmental and Nutritional Sciences (DeFENS), University

of Milan, 20133 Milan, Italy. 2IRCCS Istituto Auxologico Italiano, Obesity Unit
and Laboratory of Nutrition and Obesity Research, Department of Endocrine
and Metabolic Diseases, 20145 Milan, Italy. 3IRCCS Istituto Auxologico Italiano,
Clinical Nutrition Unit, Department of Endocrine and Metabolic Medicine,
20100 Milan, Italy. “Dipartimento di Elettronica, Informazione e Bioingegneria,
Politecnico di Milano, Piazza, Leonardo Da Vinci, 20133 Milan, Italy.

Received: 22 August 2023 Accepted: 23 February 2024
Published online: 01 March 2024

References

1. Van Dijk FS, Sillence DO. Osteogenesis imperfecta: clinical diagnosis,
nomenclature and severity assessment. Am J Med Genet A.
2014;164A(6):1470-81. https://doi.org/10.1002/ajmg.a.36545.

2. Starr SR, Roberts TT, Fischer PR. Osteogenesis Imperfecta: primary Care.
Pediatr Rev. 2010;31(8):e54-64. https://doi.org/10.1542/pir.31-8-e54.

3. LoMauro A, Landoni CV, Fraschini P, et al. Eat, breathe, sleep with
Osteogenesis Imperfecta. Orphanet J Rare Dis. 2021;16(1):1-17. https://
doi.org/10.1186/513023-021-02058-y.

4. LoMauro A, Lacca D, Landoni V, Aliverti A. Lung and chest wall volume
during vital capacity manoeuvre in Osteogenesis Imperfecta. Orphanet J
Rare Dis. 2022;17(1):397. https://doi.org/10.1186/513023-022-02535-y.

5. Thuesen KJ, Gjerup H, Hald JD, et al. The dental perspective on
osteogenesis imperfecta in a Danish adult population. BMC Oral Health.
2018;18(1):175. https://doi.org/10.1186/512903-018-0639-7.

6. Ballenger KL, Tugarinov N, Talvacchio SK, et al. Osteogenesis Imperfecta:
the impact of genotype and clinical phenotype on adiposity and resting
energy expenditure. J Clin Endocrinol Metab. 2022;107(1):67-76. https://
doi.org/10.1210/clinem/dgab679.

7. Chagas CEA, Roque JP, Santarosa Emo Peters B, Lazaretti-Castro M, Martini
LA. Do patients with Osteogenesis Imperfecta need individualized
nutritional support? Nutrition. 2012;28(2):138-42. https://doi.org/10.
1016/j.nut.2011.04.003.

8. Quattrini S, Pampaloni B, Gronchi G, Giusti F, Brandi ML. The
Mediterranean Diet in Osteoporosis Prevention: an insight in a peri- and


https://doi.org/10.5281/zenodo.10618488
https://doi.org/10.5281/zenodo.10618488
https://doi.org/10.1002/ajmg.a.36545
https://doi.org/10.1542/pir.31-8-e54
https://doi.org/10.1186/s13023-021-02058-y
https://doi.org/10.1186/s13023-021-02058-y
https://doi.org/10.1186/s13023-022-02535-y
https://doi.org/10.1186/s12903-018-0639-7
https://doi.org/10.1210/clinem/dgab679
https://doi.org/10.1210/clinem/dgab679
https://doi.org/10.1016/j.nut.2011.04.003
https://doi.org/10.1016/j.nut.2011.04.003

De Amicis et al. Orphanet Journal of Rare Diseases

20.

21.

22.

23.
24.
25.

26.

27.

28.

29.

30.

31

(2024) 19:94

post-menopausal population. Nutrients. 2021. https://doi.org/10.3390/
nu13020531.

Stransky M, Rysava L. Nutrition as prevention and treatment of
osteoporosis. Physiol Res. 2009. https://doi.org/10.33549/physiolres.
931858.

. Turner RT, Sattgast LH, Jimenez VA, Grant KA, Iwaniec UT. Making sense

of the highly variable effects of alcohol on bone. Clin Rev Bone Miner
Metab. 2021;19(1):1-13. https://doi.org/10.1007/512018-021-09277-8.

. CuiY, Sun K, Xiao Y, et al. High-salt diet accelerates bone loss

accompanied by activation of ion channels related to kidney and bone
tissue in ovariectomized rats. Ecotoxicol Environ Saf. 2022,244:114024.
https://doi.org/10.1016/j.ecoenv.2022.114024.

. Hamza RT, Abdelaziz TH, Elakkad M. Anthropometric and nutritional

parameters in Egyptian children and adolescents with osteogenesis
imperfecta. Horm Res Paediatr. 2015;83(5):311-20. https://doi.org/10.
1159/000374111.

. Zambrano MB, Félix TM, Mello ED. Calcium intake improvement after

nutritional intervention in paediatric patients with osteogenesis
imperfecta. J Hum Nutr Diet. 2019;32(5):619-24. https://doi.org/10.1111/
jhn.12657.

. Zambrano MB, Brizola ES, Refosco L, Giugliani R, Félix TM. Anthropometry,

nutritional status, and dietary intake in pediatric patients with
osteogenesis imperfecta. J Am Coll Nutr. 2014;33(1):18-25. https://doi.
0rg/10.1080/07315724.2013.827065.

. Societa Italiana di Nutrizione Umana. LARN: Livelli Di Assunzione Di

Riferimento Di Nutrienti Ed Energia per La Popolazione Italiana. Societa
Italiana di Comunicazione Scientifica e Sanitaria; 2014.

. Schroder H, Fitd M, Estruch R, et al. A short screener is valid for assessing

Mediterranean diet adherence among older Spanish men and women. J
Nutr. 2011;141(6):1140-5. https://doi.org/10.3945/jn.110.135566.

. De Amicis R, Galasso L, Leone A, et al. Is abdominal fat distribution

associated with chronotype in adults independently of lifestyle factors?
Nutrients. 2020. https://doi.org/10.3390/nu12030592.

. De Amicis R, Leone A, Foppiani A, et al. Mediterranean diet and cognitive

status in free-living elderly: a cross-sectional study in Northern Italy. J Am
Coll Nutr. 2018. https://doi.org/10.1080/07315724.2018.1442263.

. Lohman TG, Roche AF, Martorell R. Anthropometric standardization

reference manual. Windsor: Human Kinetics Books; 1988.

Bertoli S, Foppiani A, De Amicis R, et al. Anthropometric measurement
standardization for a multicenter nutrition survey in children with

spinal muscular atrophy. Eur J Clin Nutr. 2019. https://doi.org/10.1038/
$41430-019-0392-2.

World Health Organization. Obesity: Preventing and Managing the Global
Epidemic; 2000.

Durnin JVGA, Womersley J. Body fat assessed from total body density and
its estimation from skinfold thickness: measurements on 481 men and
women aged from 16 to 72 Years. Br J Nutr. 1974;32(01):77-97.

Siri WE. Techniques for measuring body composition. In: J HAB, ed.
National Academy of Sciences; 1961. pp. 224-244.

Frisancho AR. Anthropometric standards for the assessment of growth
and nutritional status. Ann Arbor: University of Michigan Press; 1990.

de Weir JBV. New methods for calculating metabolic rate with special
reference to protein metabolism. J Physiol. 1949;109(1-2):1-9.

Harris JA, Benedict FG. A biometric study of human basal metabolism.
Proc Natl Acad Sci U S A. 1918;4(12):370-3. https://doi.org/10.1073/
pnas.4.12.370.

Eaton-Evans J. Nutritional assessment: anthropometry. In: Third E, editor.
Caballero BBT-E of HN. Cambridge: Academic Press; 2013. p. 227-32.
Tussing-Humphreys L, Lamar M, McLeod A, et al. Effect of Mediterranean
diet and Mediterranean diet plus calorie restriction on cognition, lifestyle,
and cardiometabolic health: a randomized clinical trial. Prev Med Reports.
2022;29: 101955. https://doi.org/10.1016/j.pmedr.2022.101955.

Dimitri P, Wales JK, Bishop N. Fat and bone in children: differential effects
of obesity on bone size and mass according to fracture history. J Bone
Miner Res Off J Am Soc Bone Miner Res. 2010;25(3):527-36. https://doi.
0rg/10.1359/jbmr.090823.

Colombo O, Ferretti VVV, Ferraris C, et al. Is drop-out from obesity
treatment a predictable and preventable event? Nutr J. 2014;13(1):13.
https://doi.org/10.1186/1475-2891-13-13.

Batterham M, Tapsell LC, Charlton KE. Predicting dropout in dietary
weight loss trials using demographic and early weight change

32.

33.

34.

Page 8 of 8

characteristics: Implications for trial design. Obes Res Clin Pract.
2016;10(2):189-96. https://doi.org/10.1016/j.0rcp.2015.05.005.
Zambrano MB, Félix TM, De Mello ED. Difference between methods for
estimation of basal metabolic rate and body composition in pediatric
patients with osteogenesis imperfecta. Ann Nutr Metab. 2018;72(1):21-9.
https://doi.org/10.1159/000481918.

Jakubowska-Pietkiewicz E, Mackowska A, Nowicki J, WoZniak E, Jakub

N. Anthropometrics of Polish children with osteogenesis imperfecta: a
single-centre retrospective cohort study. BMC Pediatr. 2022;22(1):577.
https://doi.org/10.1186/512887-022-03621-7.

Palacios C. The role of nutrients in bone health, from A to Z. Crit Rev Food
Sci Nutr. 2006;46(8):621-8. https://doi.org/10.1080/10408390500466174.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3390/nu13020531
https://doi.org/10.3390/nu13020531
https://doi.org/10.33549/physiolres.931858
https://doi.org/10.33549/physiolres.931858
https://doi.org/10.1007/s12018-021-09277-8
https://doi.org/10.1016/j.ecoenv.2022.114024
https://doi.org/10.1159/000374111
https://doi.org/10.1159/000374111
https://doi.org/10.1111/jhn.12657
https://doi.org/10.1111/jhn.12657
https://doi.org/10.1080/07315724.2013.827065
https://doi.org/10.1080/07315724.2013.827065
https://doi.org/10.3945/jn.110.135566
https://doi.org/10.3390/nu12030592
https://doi.org/10.1080/07315724.2018.1442263
https://doi.org/10.1038/s41430-019-0392-2
https://doi.org/10.1038/s41430-019-0392-2
https://doi.org/10.1073/pnas.4.12.370
https://doi.org/10.1073/pnas.4.12.370
https://doi.org/10.1016/j.pmedr.2022.101955
https://doi.org/10.1359/jbmr.090823
https://doi.org/10.1359/jbmr.090823
https://doi.org/10.1186/1475-2891-13-13
https://doi.org/10.1016/j.orcp.2015.05.005
https://doi.org/10.1159/000481918
https://doi.org/10.1186/s12887-022-03621-7
https://doi.org/10.1080/10408390500466174

	Short-term effects of Mediterranean diet on nutritional status in adults affected by Osteogenesis Imperfecta: a pilot study
	Abstract 
	Background 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Ethics
	Study design and inclusion criteria
	Participants
	Study design
	Adherence to the Mediterranean diet
	Assessment of nutritional status
	Resting energy expenditure
	Biochemical parameters
	Dietary intervention
	Statistical analysis

	Results
	Dietary intakes
	Nutritional status
	Pre-intervention
	Post-intervention


	Discussion
	Conclusion
	Acknowledgements
	References


