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Abstract

complications and cost-effectiveness.
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Background: Hip fracture patients often have an impaired nutritional status at the time of fracture, which can result in
a higher complication rate, prolonged rehabilitation time and increased mortality. A study was designed to evaluate
the effect of nutritional intervention on nutritional status, functional status, total length of stay, postoperative

Methods: Open-labelled, multi-centre, randomized controlled trial in hip fracture patients aged 55 years and above.
The intervention group receives dietetic counselling (by regular home visits and telephone calls) and oral nutritional
supplementation for three months after surgery. The control group receives usual dietetic care as provided by the
hospital. Outcome assessment is performed at three and six months after hip fracture.

Discussion: Patient recruitment has started in July 2007 and has ended in December 20009. First results are expected in

Background
In the elderly, the incidence of hip fractures is high and it
will increase in the nearby future due to the changes in
the age demographics, the increased life expectancy and
the continuous improvement of health care [1,2]. Hip
fractures are one of the most common reasons for hospi-
tal admission and transfers to nursing home [3]. Only
37% of the hip fracture patients will return to their pre-
fracture functional status, leading to high health care
costs and a major burden on health care utilization.
These costs are not only determined by acute hospital
costs, but even more by the long term costs such as
recovery in rehabilitation clinics, the need for home care
and the increased burden on informal care givers [4,5].
At the time of hospitalization for a hip fracture, the
prevalence of malnutrition ranges from 2% [6] to 63% [7].
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Poor nutritional status in hip fracture patients is associ-
ated with impaired muscle function, disability [8], loss of
independency, lower mental function, decreased quality
of life [8], delayed wound healing, higher complication
rate [9,10], prolonged rehabilitation time [8,9,11] and
increased mortality both during and after hospital admis-
sion [9,12-16]. During hospital admission, the nutritional
status can deteriorate further due to increased energy
expenditure caused by metabolic stress, combined with a
low intake due to the lack of appetite, nausea and psycho-
logical factors.

In the past decades, several studies have been con-
ducted to determine the effectiveness of various types of
nutritional intervention in elderly hip fracture patients on
the length of stay, mortality, complications, nutritional
and functional status. Results of these studies are incon-
sistent and the evidence for nutritional supplementation
remains limited [17]. Oral nutritional supplementation is
the simplest type of nutritional intervention for hip frac-
ture patients to improve the energy and protein intake
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and nutritional status, although compliance is often poor
[18]. Personal attention from a dietetic assistant can
improve compliance with and tolerance of nutritional
supplements [19] and help to establish a prolonged effect
of the nutritional intervention.

The aim of the present study is to investigate the effect
of intensive dietary intervention, comprising a combina-
tion of dietetic counselling and oral nutritional supple-
mentation during hospitalization and after discharge, on
the nutritional status, total length of stay and health care
costs after hip fracture. We hypothesize that the combi-
nation of dietetic counselling and oral nutritional supple-
mentation in hip fracture patients will improve patients'
energy and protein intake, improve their nutritional sta-
tus, reduce the number of complications and total length
of stay in hospital and rehabilitation clinics, and lower
health care costs.

Methods

Study design, general outline and randomization

Figure 1 shows the design of the study, which is an open-
label, randomized controlled, multi-centre trial. Patient
allocation to intervention or control group is performed
after stratification for hospital, gender, and age (55-74
years vs. 75 years and above). Patients allocated to the
intervention group receive dietetic counselling and oral
nutritional supplementation for 3 months following sur-
gery. The control group receives usual nutritional care.
Patients are enrolled within 5 days after surgical treat-
ment of hip fracture, and baseline measurements are per-
formed immediately after enrolment. Outcome
measurements are performed at the patient's home at
three and six months following hip fracture. The study
has been approved by the Medical Ethical Committee of
Maastricht University Medical Centre and Maastricht
University and is conducted according to the Declaration
of Helsinki.

Study population and recruitment of the study population

For patient recruitment, a daily inventory is made of hip
fracture patients admitted to the surgical and orthopae-
dic wards of three hospitals in South-Limburg in The
Netherlands: Maastricht University Medical Centre,
Maastricht (MUMC); Atrium Medical Centre, Heerlen
(AMC); and Orbis Medical Centre, Sittard (OMC). Based
on this inventory, eligible candidates are invited to partic-
ipate and written informed consent is obtained within 5
days after surgery. Inclusion criteria are aged 55 years and
above and hospital admission for surgical treatment of
hip fracture. Patients are excluded if they have a patho-
logical or periprosthetic fracture; disease of the bone
metabolism (e.g. M Paget, M Kahler, hyperparathyroid-
ism); life expectancy of less than 1 year due to underlying
disease (e.g. cancer); use oral nutritional supplements
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before hospital admission; are unable to speak Dutch; live
outside the region of South-Limburg, or are bedridden
before the hip fracture. Patients who suffer from demen-
tia or who are cognitively impaired according to the
Abbreviated Mental Test (AMT) (a score of less than 7)
are also excluded [20,21].

Nutritional intervention

The nutritional intervention is a combination of dietetic
counselling and oral nutritional supplements for three
months. The intervention starts during hospital admis-
sion and continues after discharge during the stay at the
rehabilitation clinic or at the patient's home. During hos-
pitalization, the study dietician visits the patient twice. At
the first visit, two to five days after surgery and immedi-
ately after baseline measurements, the dietician inter-
views the patient regarding medical and social status, and
pre-fracture mobility. The dietician also performs a 24-
hour recall and takes a general dietary history of the
patients' diet before hospitalization. Next, the patient
receives the nutritional supplement, a milk-based supple-
ment providing 21 kJ (500 kcal) and 40 g of protein. The
dietician advices the patient on the consumption of the
supplement and arranges extra care or services to opti-
mize the food intake if necessary. Before hospital dis-
charge, the dietician visits the patient for the second time.
During this visit, a 24-hour recall is performed and the
consumption of the nutritional supplement is evaluated.
Furthermore, arrangements are made to continue the
dietetic advice and the consumption of the nutritional
supplement at home or during the stay at the rehabilita-
tion clinic. At home or during the stay in a rehabilitation
clinic, the dietician visits the patient three times (one
week, two weeks and six weeks after discharge) and
makes five telephone calls with the patient (three, four,
five, eight and ten weeks after discharge). During these
visits, food intake and supplement use is assessed by a 24-
hour dietary recall, and tailor-made dietetic advice is
given to optimize the amount and composition of the
diet. As soon as the patient meets nutritional require-
ments with a normal diet, the use of the nutritional sup-
plement is stopped. Compliance with the nutritional
supplement is evaluated by the 24-hour dietary recalls,
patients' registration of the consumption in a diary and by
collecting the capsules of the cans of the nutritional sup-
plement during the home visits.

Usual care

Patients allocated to the control group receive usual care
as provided in the hospital, rehabilitation clinic or at
home, i.e. dietetic care or nutritional supplements are
only provided on demand of the medical doctor in
charge.
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Figure 1 Study design.




Wyers et al. BMIC Public Health 2010, 10:212
http://www.biomedcentral.com/1471-2458/10/212

Outcome assessment

The primary outcome measure is total length of stay in
hospital and rehabilitation clinics including hospital read-
missions. Secondary outcome measures, assessed at three
and six months after hip fracture, are nutritional status,
functional status, quality of life, complication rate and
one-year mortality.

Assessment of nutritional status includes total food and
supplement intake, measurement of body composition,
muscle strength and biochemical parameters in blood.
Anthropometric measurements are body weight, height,
thickness of biceps, triceps, sub scapula and supra-iliac
skin fold, and circumference of mid-arm, waist and hip.
Body composition is measured by bio-electrical imped-
ance spectroscopy. Biochemical parameters include albu-
min, pre-albumin, CRP, haemoglobin and hematocrit in
blood.

Functional status is measured by the Groningen Activ-
ity Restriction Scale (GARS) [22], which assesses disabil-
ity with regard to (instrumental) activities of daily living,
and by the Harris Hip Score to evaluate changes in hip
function.

Quality of life is measured using the EuroQoL [23,24]
and the Medical Outcomes Study 36-item Short-Form
Health Survey [25,26]. Mental state and depression is
assessed by the Mini-Mental State Examination (MMSE)
and the Hospital Anxiety and Depression Scale (HADS)
[27,28]. To measure fatigue, the Checklist Individual
Strength (CIS) [29] is used.

Confounders

Pre-fracture information on co-morbidity, medication
use and fracture history is obtained by interviewing the
patient. Information on type of hip fracture, surgical
treatment, admission and discharge dates, and post-oper-
ative complications are obtained from medical charts.

Economic evaluation

The costs analysis will compare the costs of the nutri-
tional intervention and the usual care over a 6-month
period [30]. Medical and non-medical costs are obtained
from a 3-month retrospective standardized costing ques-
tionnaire. Health care costs will be estimated according
to the Dutch guideline for cots-analysis in health care
research [31]. Incremental costs between the strategies
will be related to a difference in outcome during 6
months follow up and being expressed in a incremental
cost-effectiveness ratio. Statistical uncertainty will be
assessed using bootstrap simulations [32].

Process evaluation

A process evaluation is carried out to evaluate whether
the nutritional intervention follows the protocol, with
regard to the dietetic counselling and the consumption of
the nutritional supplement. The feasibility of the nutri-
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tional intervention program is evaluated through sum-
mative evaluation with the identified stakeholders being
patients and health care providers (medical doctors,
dieticians, nurses). Experiences and opinions on feasibil-
ity, barriers and stimulating or facilitating factors for
implementing the nutritional intervention in the trans-
mural care are identified from the stakeholders' perspec-
tive. Data are collected by structured interviews with
patients and in-depth interviews in a representation of
patients and health care providers. A subsample of health
care providers is asked to participate in a focus group
meeting. The results of the process evaluation will be
used as a basis for successful implementation of the nutri-
tional intervention program in the transmural care for
hip fracture patients.

Sample size/power calculation

Nutritional intervention in hip fracture patients can
result in an estimated reduction in total length of hospital
and rehabilitation stay by 31.3% (SD: 59.0%). A sample of
75 patients per treatment arm is sufficient to detect this
effect with a power of 90% and a two tailed alpha of 0.05.
To detect a between-group difference in weight of 2.13 kg
(SD: 3.72 kg), a number of 61 patients per treatment arm
is sufficient using the same power and alpha.

Statistical analysis

The intervention effects of primary and secondary out-
come measures will be analyzed according to the inten-
tion-to-treat principle. In addition, a secondary per
protocol analysis will be performed in patients with ade-
quate compliance. After initial univariate analyses of dif-
ferences in the primary outcome between the
intervention and control group, multivariate analyses will
be used to adjust for potential confounders such as age,
gender, baseline values of nutritional status, physical dis-
ability, co-morbidity, and mental state including depres-
sion.

Discussion

Patient recruitment has started in July 2007 and has
ended in December 2009. Follow-up of the patients is to
be completed in June 2010, except for data of one-year
mortality. First results are expected in 2011. We expect
that this study will answer the question whether nutri-
tional intervention in hip fracture patients improves their
nutritional and functional status, resulting in a shorter
length of stay in hospital and rehabilitation clinics, fewer
postoperative complications, lower mortality, and cost-
effectiveness.

Competing interests
The authors declare that they have no competing interests.



Wyers et al. BMC Public Health 2010, 10:212
http://www.biomedcentral.com/1471-2458/10/212

Authors' contributions

PR, SH and PD have designed the study. CW participated in patient recruit-
ment, data acquisition and has written the draft of this manuscript. JB partici-
pated in data acquisition and conducted the process evaluation. SH, NG, LR, AV
and BM were responsible for patient recruitment. JS supervised the economic
evaluation.

All authors have read and approved the final version of the manuscript.

Acknowledgements

This study was funded by the Netherlands Organization for Health Research
and Development (ZonMw 80-007022-98-07510). The authors like to thank
Angela Hendrikx and Marionne Vaessen for valuable assistance in data acquisi-
tion. We are also grateful to the dieticians, nurses, trauma surgeons, orthopae-
dic surgeons and other staff members from the participating clinical centres:
Maastricht University Medical Centre, Maastricht, Atrium Medical Centre, Heer-
len, and Orbis Medical Centre, Sittard, for their continuous support.

Author Details

Department of Epidemiology, Maastricht University Medical Centre, PO Box
616, 6200 MD Maastricht, The Netherlands, 2Department of Dietetics,
Maastricht University Medical Centre, PO Box 5800, 6202 AZ Maastricht, The
Netherlands, 3Department of Trauma surgery, Maastricht University Medical
Centre, PO Box 5800, 6202 AZ Maastricht, The Netherlands, “Department of
Orthopaedic Surgery, Maastricht University Medical Centre, PO Box 5800, 6202
AZ Maastricht, The Netherlands, >Department of Health Organization, Policy
and Economics, Maastricht University Medical Centre, and Institute of Health
Policy and Management, Erasmus University Rotterdam, PO Box 616, 6200 MD
Maastricht, The Netherlands, ®Department of Orthopaedic Surgery, Orbis
Medical Centre, PO Box 5500, 6130 MB Sittard, The Netherlands and
’Department of Surgery, Atrium Medical Centre, PO Box 4446, 6401 CX
Heerlen, The Netherlands

Received: 1 April 2010 Accepted: 27 April 2010
Published: 27 April 2010

References

1. Barrett-Connor E: The economic and human costs of osteoporotic
fracture. AmJMed 1995, 98(2A):35-8S.

2. De Laet CE, Pols HA: Fractures in the elderly: epidemiology and
demography. Baillieres Best Pract Res Clin Endocrinol Metab 2000,
14(2):171-179.

3. Cummings SR: Treatable and untreatable risk factors for hip fracture.
Bone 1996, 18(3 Suppl):1655-167S.

4. Haentjens P, Autier P, Barette M, Boonen S: Costs of care after hospital
discharge among women with a femoral neck fracture. Clin Orthop
Relat Res 2003:250-258.

5. Nurmil, Narinen A, Luthje P, Tanninen S: Cost analysis of hip fracture
treatment among the elderly for the public health services: a 1-year
prospective study in 106 consecutive patients. Arch Orthop Trauma
Surg 2003, 123(10):551-554.

6.  MaffulliN, Dougall TW, Brown MT, Golden MH: Nutritional differences in
patients with proximal femoral fractures. Age Ageing 1999,
28(5):458-462.

7. Murphy MC, Brooks CN, New SA, Lumbers ML: The use of the Mini-
Nutritional Assessment (MNA) tool in elderly orthopaedic patients. EFur
JClin Nutr 2000, 54(7):555-562.

8. Lumbers M, Driver LT, Howland RJ, Older MW, Williams CM: Nutritional
status and clinical outcome in elderly female surgical orthopaedic
patients. Clin Nutr 1996, 15(3):101-107.

9.  Paillaud E, Bories PN, Le Parco JC, Campillo B: Nutritional status and
energy expenditure in elderly patients with recent hip fracture during
a 2-month follow-up. BrJNutr 2000, 83(2):97-103.

10. Patterson BM, Cornell CN, Carbone B, Levine B, Chapman D: Protein
depletion and metabolic stress in elderly patients who have a fracture
of the hip. JBone Joint Surg Am 1992, 74(2):251-260.

11. Bastow MD, Rawlings J, Allison SP: Undernutrition, hypothermia, and
injury in elderly women with fractured femur: An injury response to
altered metabolism? The Lancet 1983, 321(8317):143-146.

12. Bachrach-Lindstrom M, Johansson T, Unosson M, Ek AC, Wahlstrom O:
Nutritional status and functional capacity after femoral neck fractures:

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Page 5 of 6

a prospective randomized one-year follow-up study. Aging (Milano)
2000, 12(5):366-374.

Bastow MD, Rawlings J, Allison SP: Benefits of supplementary tube
feeding after fractured neck of femur: a randomised controlled trial. Br
Med J (Clin Res Ed) 1983, 287(6405):1589-1592.

Hedstrom M: Hip fracture patients, a group of frail elderly people with
low bone mineral density, muscle mass and IGF-I levels. Acta Physiol
Scand 1999, 167(4):347-350.

Jallut D, Tappy L, Kohut M, Bloesch D, Munger R, Schutz Y, Chiolero R,
Felber JP, Livio JJ, Jequier E: Energy balance in elderly patients after
surgery for a femoral neck fracture. JPEN 1990, 14(6):563-568.

Lumbers M, New SA, Gibson S, Murphy MC: Nutritional status in elderly
female hip fracture patients: comparison with an age-matched home
living group attending day centres. BrJNutr 2001, 85(6):733-740.
Avenell A, Handoll HH: Nutritional supplementation for hip fracture
aftercare in older people. Cochrane Database Syst Rev 2006:CD001880.
Bruce D, Laurance |, McGuiness M, Ridley M, Goldswain P: Nutritional
supplements after hip fracture: poor compliance limits effectiveness.
Clin Nutr 2003, 22(5):497-500.

Duncan DG, Beck SJ, Hood K, Johansen A: Using dietetic assistants to
improve the outcome of hip fracture: a randomised controlled trial of
nutritional support in an acute trauma ward. Age Ageing 2006,
35(2):148-153.

Swain DG, Nightingale PG: Evaluation of a shortened version of the
Abbreviated Mental Test in a series of elderly patients. Clin Rehabil
1997, 11(3):243-248.

Swain DG, O'Brien AG, Nightingale PG: Cognitive assessment in elderly
patients admitted to hospital: the relationship between the shortened
version of the Abbreviated Mental Test and the Abbreviated Mental
Test and Mini-Mental State Examination. Clin Rehabil 2000,
14(6):608-610.

Kempen Gl, Miedema |, Ormel J, Molenaar W: The assessment of
disability with the Groningen Activity Restriction Scale. Conceptual
framework and psychometric properties. Soc Sci and Med 1996,
43(11):1601-1610.

Tidermark J, Bergstrom G, Svensson O, Tornkvist H, Ponzer S:
Responsiveness of the EuroQol (EQ 5-D) and the SF-36 in elderly
patients with displaced femoral neck fractures. Qual Life Res 2003,
12(8):1069-1079.

Tidermark J, Zethraeus N, Svensson O, Tornkvist H, Ponzer S: Femoral neck
fractures in the elderly: functional outcome and quality of life
according to EuroQol. QualLife Res 2002, 11(5):473-481.

Aaronson NK, Muller M, Cohen PD, Essink-Bot ML, Fekkes M, Sanderman R,
Sprangers MA, te Velde A, Verrips E: Translation, validation, and norming
of the Dutch language version of the SF-36 Health Survey in
community and chronic disease populations. JClin Epidemiol 1998,
51(11):1055-1068.

Ware JE Jr, Sherbourne CD: The MOS 36-item short-form health survey
(SF-36). . Conceptual framework and item selection. Med Care 1992,
30(6):473-483.

Scaf-Klomp W, Sanderman R, Ormel J, Kempen GI: Depression in older
people after fall-related injuries: a prospective study. Age Ageing 2003,
32(1):88-94.

Zigmond AS, Snaith RP: The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983, 67(6):361-370.

Beurskens AJ, Bultmann U, Kant |, Vercoulen JH, Bleijenberg G, Swaen GM:
Fatigue among working people: validity of a questionnaire measure.
Occup Environ Med 2000, 57(5):353-357.

Drummond MF, Sculpher MJ, Torrance GW, O'Brien BJ, Stoddart GL:
Methods for the economic evaluation of health care programmes Third
edition. Oxford: Oxford University Press; 2005.

Oostenbrink JB, Bouwmans CAM, Koopmanschap MA, Rutten FFH:
Handleiding voor kostenonderzoek; methoden en standaard
kostprijzen voor economische evaluaties in de gezondheidszorg.
Amstelveen: Instituut voor Medical Technology Assessment, Erasmus MC
in opdracht van College voor Zorgverzekeringen; 2004.

Briggs AH: Handling uncertainty in economic evaluation and
presenting the results. In Economic evaluation in health care: merging
theory with practice Edited by: Drummond MF, McGuire A. Oxford: Oxford
University Press; 2001:172-214.


http://www.biomedcentral.com/1471-2458/10/212
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7709931
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11035900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8777083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12966300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=13680273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10529040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10918465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16844011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10743488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1541619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6416514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10632638
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11430778
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17054146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14512038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16354710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9360037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11128735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14651424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12113394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9817123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1593914
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12540354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6880820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10769302

Wyers et al. BMC Public Health 2010, 10:212 Page 6 of 6
http://www.biomedcentral.com/1471-2458/10/212

Pre-publication history
The pre-publication history for this paper can be accessed here:
http//www.biomedcentral.com/1471-2458/10/212/prepub

doi: 10.1186/1471-2458-10-212

Cite this article as: Wyers et al, Efficacy and cost-effectiveness of nutritional
intervention in elderly after hip fracture: design of a randomized controlled
trial BMC Public Health 2010, 10:212

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolMed Central



http://www.biomedcentral.com/1471-2458/10/212/prepub

	Abstract
	Background
	Methods
	Discussion

	Background
	Methods
	Study design, general outline and randomization
	Study population and recruitment of the study population
	Nutritional intervention
	Usual care
	Outcome assessment
	Confounders
	Economic evaluation
	Process evaluation
	Sample size/power calculation
	Statistical analysis

	Discussion
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References
	Pre-publication history

