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Abstract

Background: The population of Portugal is aging. The lack of data on older adults’ nutritional status and the lack of nutrition
knowledge amongst health professionals, caregivers, and older adults themselves, remains a challenge.
Objective: The Nutrition UP 65 study aims to reduce nutritional inequalities in the older Portuguese adult population and
improve knowledge regarding older Portuguese adults’ nutritional status, specifically relating to undernutrition, obesity, sarcopenia,
frailty, hydration, sodium, and vitamin D statuses.
Methods: A representative sample of older Portuguese adults was selected. Sociodemographic, lifestyle, anthropometric,
functional, and clinical data were collected. Sodium excretion, hydration, and vitamin D statuses were assessed.
Results: Data collection (n=1500) took place between December, 2015 and June, 2016. Results will be disseminated in national
and international scientific journals, and via Portuguese media.
Conclusions: Nutrition UP 65 results will provide evidence for the design and implementation of effective preventive public
health strategies regarding the elderly. These insights may represent relevant health gains and costs savings.

(JMIR Res Protoc 2016;5(3):e184)   doi:10.2196/resprot.6037
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Introduction

Demographic projections for the 28 member states of the
European Union show that as the population continues to age,
the population aged >65 years is estimated to increase from
17% in 2008 to over 25% in 2035, and to 30% in 2060 [1]. As
this older population ages, it is expected that the proportion of
people aged >80 years will increase from 4.4% in 2008 to 12.1%
in 2060 [1]. Accordingly, the Portuguese population is also
getting older. Data from the most recent national census in 2011

revealed that 19% of the population was >65 years, and there
was an increase of 18.7% in the older population between 2001
and 2011 [2].

These projections are of major concern, due to the links between
aging and cognitive and functional decline, emotional changes,
and depressive symptoms (all of which may directly influence
general health) and, in particular, nutritional status. Furthermore,
the scarce national data that is available in Portugal reveals that
older adults’ nutritional inequalities are present in an accentuated
way [3]. The majority of older Portuguese adults have economic
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constraints, which directly impact on food security [3]. The
current socioeconomic situation in countries experiencing an
economic crisis (such as Portugal) leads us to predict that the
frequency and consequences of nutritional status-related
disabilities will increase in the coming years.

Frail elders living in the community, institutionalized in nursing
homes, or admitted to hospitals have increased risks associated
with nutritional disorders [4]. In many instances the existing
nutritional disorders of these patients go unrecognized and
adversely affect their clinical outcomes. Nutritional status
impairment in older adults is a serious public health problem
[5,6]. Despite the alarming data released during the last decade
relating to the negative influence of nutritional disorders on the
health status of older populations, undernutrition occurrence is
still very common in Europe [7,8]. Data from a systematic
sample of patients admitted to six Portuguese hospitals showed
that undernutrition is prevalent, affecting approximately one in
three patients upon admission [9]. Undernutrition is a relevant
factor for disease prognosis and is linked to higher odds of
morbidity, premature mortality, and higher costs of care [10].
In addition, older age is an established risk factor for
undernutrition [9]. Data regarding the prevalence of
undernutrition and general nutritional status of older Portuguese
adults living in communities are scarce and limited to a small
number of geographic areas in Portugal [11]. Additional
knowledge about the dimensions of undernutrition frequency
in different regions, as well as the identification of the main
factors associated with this problem, will allow for a better
design and implementation of preventive strategies.

In addition to undernutrition, other priority areas will be
addressed in this project. Nutritional status of fat-soluble
vitamins in subjects aged >65 years is highly variable and
determined by season, nutritional status, inflammation, renal
function, and hospitalization [12]. The skin of elderly people
produces less vitamin D than the skin of younger people;
moreover, older adults also spend less time in the sun, and this
population has an increased risk of vitamin D deficiency [13].
Data from a European report revealed a prevalence of vitamin
D deficiency of up to 40% [14], and vitamin D deficiency among
institutionalized and/or hip fracture patients is a major concern
[15]. However, there is a lack of knowledge regarding the burden
of vitamin D deficiency in Portugal.

Dehydration is a common condition among older people, and
likely contributes to a number of medical conditions that lead
to higher morbidity and mortality in these individuals [16].
Despite the scarcity of data pertaining to the hydration status
of the Portuguese population, the assessment of fluid intake in
a representative sample of Portuguese adults revealed a low
intake of fluids by older subjects, particularly elderly men that
reported to have consumed 51% less fluids than the
recommended intake [17].

The World Health Organization recommends no more than 2
grams of sodium (5 grams of salt) per day for adults, in order
to reduce the burden of noncommunicable diseases [18];
however, in all countries with recent data available, salt intake
is much higher than recommended [19]. Excessive sodium intake
is strongly associated with high blood pressure [20] and

approximately 75% of the Portuguese elderly have been
classified as hypertensive [21]. To our knowledge, the estimated
amount of sodium ingested by this Portuguese subpopulation
has not been published.

Current trends also indicate that the prevalence of obesity and
sarcopenic obesity in this age group is increasing [22,23]. These
conditions also have implications for the frailty of the elderly,
which is strongly associated with higher mortality in older adults
[24]. Nevertheless, Portuguese data concerning the dimensions
of these conditions is scarce.

Together with the aforementioned trends and data, the absence
of adequate nutritional data in Portugal (particularly in settings
such as community and care institutions) reinforces the relevance
of this study. The main objective of the Nutrition UP 65 study
is to expand the knowledge of older Portuguese adults’
nutritional status. More specifically, the study aims to improve
the information regarding undernutrition, obesity, sarcopenia,
frailty, hydration, sodium and vitamin D statuses. These data
will be a basis for the development of public health guidelines,
with the goal of reducing nutritional inequalities in the older
Portuguese population.

Methods

Study Design and Setting
A cross-sectional observational study was conducted in Portugal
in a cluster sample of 1500 older adults (≥65 years old), which
was representative of the older Portuguese population in terms
of age, sex, education, and regional area. Data from the most
recent national census in 2011 showed that the number of
Portuguese residents was 10,562,178 and a total of 2,010,064
older Portuguese adults were identified, corresponding to 19%
of the Portuguese population [2]. Thus, the recruited study
sample (n=1500) corresponds to 0.075% of the Portuguese older
population. Data for this study were collected between
December, 2015 and June, 2016.

Ethics
This research was conducted according to the guidelines
established by the Declaration of Helsinki, and the study
protocol was approved by the Ethics Committee of the
department of Ciências Sociais e Saúde (Social Sciences and
Health) from the Faculdade de Medicina da Universidade do
Porto (PCEDCSS – FMUP 15/2015) and by the Portuguese
National Commission of Data Protection (9427/2015).

Sampling and Recruitment
To achieve a nationally representative sample of older
Portuguese adults aged ≥65 years, a quota sampling approach
was adopted using data from Census 2011 regarding sex, age,
educational level, and residence area.

Individuals were considered to be Portuguese if they had only
Portuguese nationality and if their current tax residence was in
Portugal, and were eligible to participate in the study if they
were aged ≥65 years. The following age categories were
considered: 65-69, 70-74, 75-79, 80-84, 85-89, and >90 years
old [25]. Educational level was determined by the number of
school years completed, and the following categories were used:
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<4 years of schooling, first cycle (4 years of schooling), second
cycle (6 years of schooling), third cycle (9 years of schooling),
secondary (12 years of schooling), post-secondary (>12 years
of schooling but no higher education), and higher education
(academic, vocational, and advanced professional education)
[25]. The regional areas used were defined in the Nomenclature
of Territorial Units for Statistics: Alentejo, Algarve, Azores,
Lisbon Metropolitan Area, Center, Madeira, and North
(Multimedia Appendix 1) [26].

A random, stratified, and clustered sampling method was
applied. In each regional area, three or more town councils with
>250 inhabitants were randomly selected. Potential
community-dwelling participants were contacted via home
approach, telephone, or via institutions, such as town councils
and parish centers.

The study sample was composed of community-dwelling older
adults and individuals institutionalized in retirement homes,

representing the 5% proportionality of older Portuguese
individuals [2]. Participants were considered to be
community-dwelling individuals if she/he slept in their own
house, or in the house of a family member or friend, more than
half of the days of the preceding month. Individuals
institutionalized in retirement homes were contacted through
the individual institutions (Figure 1).

Potential participants were contacted by the interviewer, who
provided information about the study purposes and methodology,
and invited them to participate. A document entitled Information
for the participant was prepared and read by each potential
participant or by a surrogate. In cases of acceptance, all
participants (or two representatives if the participant was deemed
to be cognitively impaired) were asked to read and sign a
duplicated Informed consent form. Individuals presenting any
condition that precluded the collection of venous blood samples
or urine (eg, dementia or urinary incontinence) were excluded
from the study.

Figure 1. Sample composition and distribution.

Sociodemographic, Anthropometric, Lifestyle, and
Clinical Data
Demographic data, cognitive performance, current and former
professional occupation, lifestyle practices, health status and
clinical history, nutritional status, cohabitation, skin phenotype,
and household income were collected using a structured
questionnaire applied by means of an interview. The interview
was conducted by eight previously trained registered
nutritionists, who were also responsible for anthropometric data
collection.

Demographic data included sex, date of birth, marital status,
and education. Cognitive performance was assessed by the
Portuguese version of the Mini Mental State Examination [27].
This test consists of 30 questions (each scored one point if
correct) and examines the functions of orientation, registration,
attention and calculation, recall, language, and ability to follow
simple commands. The cutoff scores for cognitive impairment
are as follows: individuals with no education, ≦15 points; 1 to
11 years of years of school completed, ≦22 points; and ≦11

years of school completed, ≦27 points. For individuals identified
as presenting cognitive impairment, the Informed consent form
was signed by two representatives and all data was provided by
a person close to the participant, such as a family member or
caregiver.

Lifestyle was evaluated via involvement in physical activities
during the past seven days, current and former tobacco use,
consumption of alcoholic beverages, and adherence to the
Mediterranean diet, as described below.

Physical activity was assessed by the short form of the
International Physical Activity Questionnaire [28]. This
questionnaire gathers information regarding the previous seven
days, namely how many days and how much time the participant
spent: walking or hiking (at home or at work, moving from
place to place, for recreation or sport), sitting (at a desk, visiting
friends, reading, studying, or watching television), moderate
activities (carrying light objects, hunting, carpentry, gardening,
cycling at a normal pace, or tennis with two pairs), and vigorous
activities (lifting heavy objects, agriculture, digging, aerobics,
swimming, playing football, or cycling at a fast pace).
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Adherence to the Mediterranean diet was evaluated with the
Portuguese version of the Prevention with Mediterranean Diet
tool [29]. This tool was developed with the purpose of testing
the effectiveness of the Mediterranean diet on the primary
prevention of cardiovascular disease, and consists of 14
questions, each scored with zero or one point. The criteria for
assigning one point are established and a final score ≥10
indicates a good adherence to the Mediterranean diet.

Data regarding subjective general health were collected using
questions drawn from the Portuguese National Health Survey
2005-2006. These questions concerned: self-reported diagnosis
of chronic diseases in the past 12 months, namely the presence
of asthma; chronic bronchitis, chronic obstructive pulmonary
disease, or emphysema; myocardial infarction or chronic
consequences of myocardial infarction; coronary heart disease
or angina pectoris; hypertension; stroke or chronic consequences
of a stroke; arthrosis; lumbar pain or other chronic lumbar
problems; neck pain or other chronic neck problems; diabetes;
hepatic cirrhosis; allergies; chronic renal disease, including renal
failure; urinary incontinence or bladder control problems;
depression and other diseases; and pharmacological treatment
and use of nutritional supplements, including the name and
number of daily doses.

Detailed information regarding each participant’s nutritional
status encompassed the assessment of the following
anthropometric measurements: body weight; standing height;
mid-upper arm, waist, and calf circumferences; triceps skinfold
thickness; and the functional status indicators of hand grip
strength and walking speed [30,31].

Anthropometric measurements were collected following
standard procedures [32]. Standing height was obtained with a
calibrated stadiometer (Seca 213) with 0.1-centimeter resolution.
For participants with visible kyphosis, or when it was impossible
to measure standing height due to the participant’s paralysis,
mobility, or balance limitations, height was obtained indirectly
from nondominant hand length (in centimeters) [33], measured
with a calibrated paquimeter (Fervi Equipment) with
0.1-centimeter resolution. Body weight (in kilograms) was
measured with a calibrated portable electronic scale (Seca 803)
with 0.1-kilogram resolution, with the participants wearing light
clothing. When it was not possible to weigh a patient (for the
same reasons described for standing height measurement) body
weight was estimated from mid-upper arm and calf
circumferences [34]. Mid-upper arm, waist, and calf
circumferences were measured with a metal tape measure
(Lufkin) with 0.1-centimeter resolution. Triceps skinfold
thickness was obtained using a Holtain Tanner/Whitehouse
skinfold caliper with 0.2-millimeter resolution.

Nondominant hand grip strength was measured with a calibrated
Jamar Hand Dynamometer (Sammons Preston), as recommended
by the American Society of Hand Therapists [35]. Each
participant performed three measurements with a one-minute
pause between measurements [36]. When the individual was
unable to perform the measurement with the nondominant hand,
the dominant hand was used.

The MNA-SF consists of six questions targeting food intake,
weight loss, physical and mental status, and anthropometry

through body mass index (BMI) assessment. BMI was calculated
using the standard formula (weight in kilograms/height2 in
meters). A participant scoring ≦7 out of 14 points was classified
as undernourished, one that scored between 8 and 11 was at risk
of undernutrition, and one scoring between 12 and 14 points
was considered well-nourished [30].

Frailty, according to the frailty phenotype described by Fried
et al [37], encompasses the assessment of five criteria:
unintentional weight loss in the previous year, weakness
evaluated as low hand grip strength (adjusted for gender and
BMI), poor endurance and energy evaluated as exhaustion,
slowness (gait speed measurement adjusted for gender and
standing height), and low activity (kilocalories expended per
week, adjusted for gender). If one or two of these criteria were
present, the individual was characterized as prefrail. Frailty was
defined as the presence of three or more criteria [37].

According to the European Working Group on Sarcopenia in
Older People [38], sarcopenia was defined as the combined
presence of low muscle mass and low muscle strength, or
diminished physical performance. Muscle mass was assessed
based on the two compartment model (body muscle mass =
body weight - body fat mass). Body density was estimated based
on triceps skinfold thickness [39] and body density was
converted to fat mass through the Brozek equation [40]. Muscle
strength was evaluated by hand grip strength (adjusted for
gender and BMI) and physical performance by gait speed.
Presarcopenia occurs when only muscle mass is diminished.
Sarcopenia is characterized by low muscle mass plus one of the
other two criteria. All three criteria are present in an individual
with severe sarcopenia.

Information on cohabitation, skin phenotype (as measured by
the Fitzpatrick classification [41]), and household income were
also collected.

Laboratory Procedures and Biological Samples
A sample of blood and the volume of urine in a 24-hour period
were collected for each participant. The study interviewers gave
the participants oral and written instructions detailing the
collection and storage procedures for the volume of 24-hour
urine. Participants were instructed to refrain from collecting the
first urine of the day, but to record the time of the first urine,
and collect all excreted urine during the day and evening. The
following day, participants collected the morning urine until
the time they recorded the first urine the day before. A 24-hour
urine container was also provided, and participants were
instructed to keep the container in the refrigerator until it was
delivered for analysis. A certified laboratory (Labco Portugal)
was responsible for blood and urine sample collection and
analyses.

Vitamin D status was evaluated by dosing the plasmatic levels
of 25-hydroxycholecalciferol or calcidiol through the
electrochemiluminescence immunoassay using Roche Cobas
Vitamin D total assay reagent (Roche Diagnostics GmbH,
Mannheim, Germany). Blood samples for these analyses were
collected by qualified nurses within four days of the application
of the questionnaire, and preferentially after a 12-hour fasting
period.
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The following urinary markers were quantified: urine volume
(milliliters), urinary creatinine (milligrams/day), urine osmolality
(milliosmoles/kg), and urine density for 24 hours. Urinary
creatinine was measured by the Jaffe method.

Hydration status was evaluated by free water reserve
(milliliters/24 hours [42-47]) calculated by subtracting 24-hour
urine volume from obligatory urine volume (solutes in urine 24
hours [milliosmoles/day] / 830 - 3.4 x [age - 20]), allowing for
the classification of the 24-hour hydration status (euhydrated
vs hypohydrated subjects, or at risk of hypohydration [43,48]).
Urine samples were also analyzed for urinary sodium
(milliequivalents/day); however, for comparative purposes,
these values were converted to milligrams/day by using the
molecular weight of sodium (23 milligrams sodium = 1
millimole sodium or 1 milliequivalents sodium).

Results

Data collection (n=1500) took place between December, 2015
and June, 2016 and results are being analyzed. Final results will
be disseminated by scientific journals and via the media
throughout Portugal.

Discussion

Nutrition UP 65 will provide an innovative and important
contribution to overcome the lack of data regarding nutritional
conditions in Portugal. These data will also generate information
to define public health interventions and guidelines tailored to
Portugal’s health realities.

This project also expects to bridge the gap in knowledge
regarding the country’s regional differences with respect to the

prevalence of inadequate nutritional status, particularly in rural
areas, by the gathering of nationwide nutritional information
(including rural areas and the interior region). Nutrition UP 65
includes a sample of older adults that are widely distributed in
different geographical regions, thus allowing for a picture of
the country’s situation. This study will first describe the
nutritional status of older populations according to regional
area, and using the same methodology, provide a better
understanding on nutritional risk contrasts. This baseline
nutritional status description will support the development of
evidence-based public action that considers regional
discrepancies and contrasts. This study will make it possible to
define the main regional priorities for nutritional intervention
at the level of primary health care, hospitals, and community.

The data from this project will reveal a nationwide description
of the burden of major nutritional health problems affecting
older Portuguese adults, identify vulnerable target groups for
public health interventions, and allow for the implementation
of an evidence-based nutritional surveillance system. Nutrition
UP 65 will guide the design and implementation of preventive
public health strategies at all levels of dependence, with
unequivocal health gains for this population group. These
strategies have been proven to be economically effective, and
increase the awareness of health professionals with regards to
nutrition-related issues.

Furthermore, information regarding the main nutritional
problems that affect older populations will empower older adults
with knowledge to recognize nutritional imbalances, and to have
better nutrition, which should help to prevent major nutritional
problems and nutrition-related disabilities.

 

Acknowledgments
Nutrition UP 65 is funded by Iceland, Liechtenstein, and Norway through European Economic Area Grants. These countries
sponsor initiatives and projects in various program areas, primarily focusing on reducing economic and social disparities. The
European Economic Area Grants are managed by Administração Central do Sistema de Saúde through the Programa Iniciativas
em Saúde Pública.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Sample size and constitution.

[XLSX File (Microsoft Excel File), 64KB - resprot_v5i3e184_app1.xlsx ]

References
1. Eurostat. Population Projections 2008-2060. 2008 Aug 26. URL: http://europa.eu/rapid/press-release_STAT-08-119_en.

pdf [accessed 2016-05-27] [WebCite Cache ID 6hoWRFREq]
2. Censos 2011 Resultados definitivos - Portugal. In: Instituto Nacional de Estatística. Lisboa, Portugal: Instituto Nacional

de Estatística; 2012:96 URL: http://censos.ine.pt/xportal/
xmain?xpid=CENSOS&xpgid=ine_censos_publicacao_det&contexto=
pu&PUBLICACOESpub_boui=73212469&PUBLICACOESmodo=2&selTab=tab1&pcensos=61969554

3. Álvares L, Amaral TF. Food insecurity and associated factors in the Portuguese population. Food Nutr Bull 2014
Dec;35(4):395-402. [Medline: 25639124]

JMIR Res Protoc 2016 | vol. 5 | iss. 3 | e184 | p.5http://www.researchprotocols.org/2016/3/e184/
(page number not for citation purposes)

Amaral et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.researchprotocols.org/article/downloadSuppFile/6037/40402
https://www.researchprotocols.org/article/downloadSuppFile/6037/40402
http://europa.eu/rapid/press-release_STAT-08-119_en.pdf
http://europa.eu/rapid/press-release_STAT-08-119_en.pdf
http://www.webcitation.org/6hoWRFREq
http://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_publicacao_det&contexto= pu;ampPUBLICACOESpub_boui=73212469&PUBLICACOESmodo=2&selTab=tab1&pcensos=61969554
http://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_publicacao_det&contexto= pu;ampPUBLICACOESpub_boui=73212469&PUBLICACOESmodo=2&selTab=tab1&pcensos=61969554
http://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=ine_censos_publicacao_det&contexto= pu;ampPUBLICACOESpub_boui=73212469&PUBLICACOESmodo=2&selTab=tab1&pcensos=61969554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25639124&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


4. Maseda A, Gómez-Caamaño S, Lorenzo-López L, López-López R, Diego-Diez C, Sanluís-Martínez V, et al. Health
determinants of nutritional status in community-dwelling older population: the VERISAÚDE study. Public Health Nutr
2016 Mar;19(12):2200-2208. [doi: 10.1017/S1368980016000434] [Medline: 26975221]

5. Pols-Vijlbrief Rachel van der, Wijnhoven HA, Molenaar H, Visser M. Factors associated with (risk of) undernutrition in
community-dwelling older adults receiving home care: a cross-sectional study in the Netherlands. Public Health Nutr 2016
Aug;19(12):2278-2289. [doi: 10.1017/S1368980016000288] [Medline: 26923753]

6. Abizanda P, Sinclair A, Barcons N, Lizán L, Rodríguez-Mañas L. Costs of malnutrition in institutionalized and
community-dwelling older adults: a systematic review. J Am Med Dir Assoc 2016 Jan;17(1):17-23. [doi:
10.1016/j.jamda.2015.07.005] [Medline: 26712488]

7. Nykänen I, Lönnroos E, Kautiainen H, Sulkava R, Hartikainen S. Nutritional screening in a population-based cohort of
community-dwelling older people. Eur J Public Health 2013 Jun;23(3):405-409 [FREE Full text] [doi: 10.1093/eurpub/cks026]
[Medline: 22539629]

8. Kaiser MJ, Bauer JM, Rämsch C, Uter W, Guigoz Y, Cederholm T, Mini Nutritional Assessment International Group.
Frequency of malnutrition in older adults: a multinational perspective using the mini nutritional assessment. J Am Geriatr
Soc 2010 Sep;58(9):1734-1738. [doi: 10.1111/j.1532-5415.2010.03016.x] [Medline: 20863332]

9. Amaral TF, Matos LC, Teixeira MA, Tavares MM, Alvares L, Antunes A. Undernutrition and associated factors among
hospitalized patients. Clin Nutr 2010 Oct;29(5):580-585. [doi: 10.1016/j.clnu.2010.02.004] [Medline: 20207055]

10. Amaral TF, Matos LC, Tavares MM, Subtil A, Martins R, Nazaré M, et al. The economic impact of disease-related
malnutrition at hospital admission. Clin Nutr 2007 Dec;26(6):778-784. [doi: 10.1016/j.clnu.2007.08.002] [Medline:
17936442]

11. Santos AL, Amaral TF, Borges N. Undernutrition and associated factors in a Portuguese older adult community. Rev Nutr
2015 Jun;28(3):231-240. [doi: 10.1590/1415-52732015000300001]

12. Granado-Lorencio F, Blanco-Navarro I, Pérez-Sacristán B, Millán I, Donoso-Navarro E, Silvestre-Mardomingo RA.
Determinants of fat-soluble vitamin status in patients aged 65 years and over. Eur J Clin Nutr 2013 Dec;67(12):1325-1327.
[doi: 10.1038/ejcn.2013.198] [Medline: 24129364]

13. MacLaughlin J, Holick MF. Aging decreases the capacity of human skin to produce vitamin D3. J Clin Invest 1985
Oct;76(4):1536-1538 [FREE Full text] [doi: 10.1172/JCI112134] [Medline: 2997282]

14. Cashman KD, Dowling KG, Škrabáková Z, Gonzalez-Gross M, Valtueña J, De Henauw S, et al. Vitamin D deficiency in
Europe: pandemic? Am J Clin Nutr 2016 Apr;103(4):1033-1044 [FREE Full text] [doi: 10.3945/ajcn.115.120873] [Medline:
26864360]

15. Silva L, Freitas JM, Sampaio L, Terroso G, Pinto JA, Veludo V, et al. Níveis séricos de vitamina D em portugueses com
fraturas de fragilidade. Acta Reumatol Port 2010;35:352-357.

16. El-Sharkawy AM, Watson P, Neal KR, Ljungqvist O, Maughan RJ, Sahota O, et al. Hydration and outcome in older patients
admitted to hospital (The HOOP prospective cohort study). Age Ageing 2015 Nov;44(6):943-947 [FREE Full text] [doi:
10.1093/ageing/afv119] [Medline: 26316508]

17. Padez C, Padrão P, Macedo A, Santos A, Gonçalves N. Caracterização do aporte hídrico dos portugueses. Nutricias
2009;9:27-29.

18. World Health Organization. Guideline: sodium intake for adults and children. Geneva: World Health Organization; 2012.
URL: http://www.who.int/nutrition/publications/guidelines/sodium_intake_printversion.pdf [WebCite Cache ID 6kE0NvvAj]

19. World Health Organization. Reducing salt intake in populations.: World Health Organization; 2006 Oct 05. URL: http:/
/www.who.int/dietphysicalactivity/Salt_Report_VC_april07.pdf [WebCite Cache ID 6kE0KGxDl]

20. He FJ, Li J, Macgregor GA. Effect of longer term modest salt reduction on blood pressure: Cochrane systematic review
and meta-analysis of randomised trials. BMJ 2013;346:f1325 [FREE Full text] [Medline: 23558162]

21. Polonia J, Martins L, Pinto F, Nazare J. Prevalence, awareness, treatment and control of hypertension and salt intake in
Portugal: changes over a decade. The PHYSA study. J Hypertens 2014 Jun;32(6):1211-1221. [doi:
10.1097/HJH.0000000000000162] [Medline: 24675681]

22. Prado CM, Wells JC, Smith SR, Stephan BC, Siervo M. Sarcopenic obesity: a critical appraisal of the current evidence.
Clin Nutr 2012 Oct;31(5):583-601. [doi: 10.1016/j.clnu.2012.06.010] [Medline: 22809635]

23. World Health Organization. Obesity: preventing and managing the global epidemic. Report of a WHO consultation. World
Health Organ Tech Rep Ser 2000;894:i-xii, 1. [Medline: 11234459]

24. Kulmala J, Nykanen I, Hartikainen S. Frailty as a predictor of all-cause mortality in older men and women. Geriatr Gerontol
Int 2014 Oct;14(4):899-905. [doi: doi: 10.1111/ggi.12190] [Medline: 24666801]

25. Instituto Nacional de Estatística. População residente, segundo o grupo etário, por nível de escolaridade e sexo. 2009-2014.
URL: http://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=censos_quadros_populacao [accessed 2016-01-29]
[WebCite Cache ID 6hofXLhqA]

26. Diário da República Portuguesa. Decreto-Lei no. 244/2002. 2002 Nov 05. URL: https://dre.pt/application/dir/pdf1sdip/
2002/11/255A00/71017103.pdf [accessed 2016-01-20] [WebCite Cache ID 6k7jk5WVN]

27. Guerreiro M. Testes de rastreio de defeito cognitivo e demência: uma perspectiva prática. Rev Port Clin Geral 2010;26:46-53.

JMIR Res Protoc 2016 | vol. 5 | iss. 3 | e184 | p.6http://www.researchprotocols.org/2016/3/e184/
(page number not for citation purposes)

Amaral et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1017/S1368980016000434
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26975221&dopt=Abstract
http://dx.doi.org/10.1017/S1368980016000288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26923753&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2015.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26712488&dopt=Abstract
http://eurpub.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22539629
http://dx.doi.org/10.1093/eurpub/cks026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22539629&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2010.03016.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20863332&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2010.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20207055&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2007.08.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17936442&dopt=Abstract
http://dx.doi.org/10.1590/1415-52732015000300001
http://dx.doi.org/10.1038/ejcn.2013.198
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24129364&dopt=Abstract
http://europepmc.org/abstract/MED/2997282
http://dx.doi.org/10.1172/JCI112134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2997282&dopt=Abstract
http://ajcn.nutrition.org/cgi/pmidlookup?view=long&pmid=26864360
http://dx.doi.org/10.3945/ajcn.115.120873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26864360&dopt=Abstract
http://ageing.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=26316508
http://dx.doi.org/10.1093/ageing/afv119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26316508&dopt=Abstract
http://www.who.int/nutrition/publications/guidelines/sodium_intake_printversion.pdf
http://www.webcitation.org/6kE0NvvAj
http://www.who.int/dietphysicalactivity/Salt_Report_VC_april07.pdf
http://www.who.int/dietphysicalactivity/Salt_Report_VC_april07.pdf
http://www.webcitation.org/6kE0KGxDl
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=23558162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23558162&dopt=Abstract
http://dx.doi.org/10.1097/HJH.0000000000000162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24675681&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2012.06.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22809635&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11234459&dopt=Abstract
http://dx.doi.org/doi: 10.1111/ggi.12190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24666801&dopt=Abstract
http://censos.ine.pt/xportal/xmain?xpid=CENSOS&xpgid=censos_quadros_populacao
http://www.webcitation.org/6hofXLhqA
https://dre.pt/application/dir/pdf1sdip/2002/11/255A00/71017103.pdf
https://dre.pt/application/dir/pdf1sdip/2002/11/255A00/71017103.pdf
http://www.webcitation.org/6k7jk5WVN
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, Ainsworth BE, et al. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc 2003 Aug;35(8):1381-1395. [doi:
10.1249/01.MSS.0000078924.61453.FB] [Medline: 12900694]

29. Afonso L, Moreira T, Oliveira A. Índices de adesão ao padrão alimentar mediterrânico - a base metodológica para estudar
a sua relação com a saúde. Revista Factores de Risco 2014;31:48-55.

30. Nestle Nutrition Institute. MNA Mini Nutritional Assessment. 2009. URL: http://www.mna-elderly.com/forms/mini/
mna_mini_portuguese.pdf [accessed 2016-05-27] [WebCite Cache ID 6hoaTWf4a]

31. Kaiser MJ, Bauer JM, Ramsch C, Uter W, Guigoz Y, Cederholm T, et al. Validation of the Mini Nutritional Assessment
short-form (MNA-SF): a practical tool for identification of nutritional status. J Nutr Health Aging 2009 Nov;13(9):782-788.
[Medline: 19812868]

32. Stewart A, Marfell-Jones M, Olds T, Ridder H. International Standards for Anthropometric Assessment. Potchefstroom,
South Africa: International Standards for Anthropometric Assessment; 2011.

33. Guerra RS, Fonseca I, Pichel F, Restivo MT, Amaral TF. Hand length as an alternative measurement of height. Eur J Clin
Nutr 2014 Feb;68(2):229-233. [doi: 10.1038/ejcn.2013.220] [Medline: 24169457]

34. Chumlea WC, Guo S, Roche AF, Steinbaugh ML. Prediction of body weight for the nonambulatory elderly from
anthropometry. J Am Diet Assoc 1988 May;88(5):564-568. [Medline: 3367012]

35. Fess EE. Grip Strength. 2nd Ed. Chicago: American Society of Hand Therapists; 1992.
36. Vaz M, Thangam S, Prabhu A, Shetty PS. Maximal voluntary contraction as a functional indicator of adult chronic

undernutrition. Br J Nutr 1996 Jul;76(1):9-15. [Medline: 8774213]
37. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Cardiovascular Health Study Collaborative Research

Group. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001 Mar;56(3):M146-M156.
[Medline: 11253156]

38. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, European Working Group on Sarcopenia in Older
People. Sarcopenia: European consensus on definition and diagnosis: Report of the European Working Group on Sarcopenia
in Older People. Age Ageing 2010 Jul;39(4):412-423 [FREE Full text] [doi: 10.1093/ageing/afq034] [Medline: 20392703]

39. Durnin JV, 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 Jul;32(1):77-97. [Medline: 4843734]

40. Brozek J, Grande F, Anderson JT, Keys A. Densitometric analysis of body composition: revision of some quantitative
assumptions. Ann N Y Acad Sci 1963 Sep 26;110:113-140. [Medline: 14062375]

41. Fitzpatrick TB. Soleil et peau [Sun and skin]. Journal de Médecine Esthétique 1975(2):33-34.
42. Alexy U, Cheng G, Libuda L, Hilbig A, Kersting M. 24 h-Sodium excretion and hydration status in children and

adolescents-results of the DONALD Study. Clin Nutr 2012 Feb;31(1):78-84. [doi: 10.1016/j.clnu.2011.08.014] [Medline:
21925777]

43. Manz F, Johner SA, Wentz A, Boeing H, Remer T. Water balance throughout the adult life span in a German population.
Br J Nutr 2012 Jun;107(11):1673-1681. [doi: 10.1017/S0007114511004776] [Medline: 21920064]

44. Stahl A, Kroke A, Bolzenius K, Manz F. Relation between hydration status in children and their dietary profile - results
from the DONALD study. Eur J Clin Nutr 2007 Dec;61(12):1386-1392. [doi: 10.1038/sj.ejcn.1602663] [Medline: 17311062]

45. Manz F, Wentz A, Sichert-Hellert W. The most essential nutrient: defining the adequate intake of water. J Pediatr 2002
Oct;141(4):587-592. [doi: 10.1067/mpd.2002.128031] [Medline: 12378203]

46. Manz F, Wentz A. 24-h hydration status: parameters, epidemiology and recommendations. Eur J Clin Nutr 2003 Dec;57
Suppl 2:S10-S18. [doi: 10.1038/sj.ejcn.1601896] [Medline: 14681708]

47. Manz F, Wentz A. The importance of good hydration for the prevention of chronic diseases. Nutr Rev 2005 Jun;63(6 Pt
2):S2-S5. [Medline: 16028566]

48. Perrier ET, Buendia-Jimenez I, Vecchio M, Armstrong LE, Tack I, Klein A. Twenty-four-hour urine osmolality as a
physiological index of adequate water intake. Dis Markers 2015;2015:231063 [FREE Full text] [doi: 10.1155/2015/231063]
[Medline: 25866433]

Abbreviations
BMI: body mass index
MNA-SF: Mini-Nutritional Assessment - Short Form

JMIR Res Protoc 2016 | vol. 5 | iss. 3 | e184 | p.7http://www.researchprotocols.org/2016/3/e184/
(page number not for citation purposes)

Amaral et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12900694&dopt=Abstract
http://www.mna-elderly.com/forms/mini/mna_mini_portuguese.pdf
http://www.mna-elderly.com/forms/mini/mna_mini_portuguese.pdf
http://www.webcitation.org/6hoaTWf4a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19812868&dopt=Abstract
http://dx.doi.org/10.1038/ejcn.2013.220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24169457&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3367012&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8774213&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11253156&dopt=Abstract
http://ageing.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20392703
http://dx.doi.org/10.1093/ageing/afq034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20392703&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=4843734&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14062375&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2011.08.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21925777&dopt=Abstract
http://dx.doi.org/10.1017/S0007114511004776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21920064&dopt=Abstract
http://dx.doi.org/10.1038/sj.ejcn.1602663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17311062&dopt=Abstract
http://dx.doi.org/10.1067/mpd.2002.128031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12378203&dopt=Abstract
http://dx.doi.org/10.1038/sj.ejcn.1601896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14681708&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16028566&dopt=Abstract
http://dx.doi.org/10.1155/2015/231063
http://dx.doi.org/10.1155/2015/231063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25866433&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Edited by G Eysenbach; submitted 27.05.16; peer-reviewed by A Burdorf, T Kwok; comments to author 25.07.16; revised version
received 03.08.16; accepted 03.08.16; published 14.09.16

Please cite as:
Amaral TF, Santos A, Guerra RS, Sousa AS, Álvares L, Valdiviesso R, Afonso C, Padrão P, Martins C, Ferro G, Moreira P, Borges
N
Nutritional Strategies Facing an Older Demographic: The Nutrition UP 65 Study Protocol
JMIR Res Protoc 2016;5(3):e184
URL: http://www.researchprotocols.org/2016/3/e184/ 
doi:10.2196/resprot.6037
PMID:27628097

©Teresa F Amaral, Alejandro Santos, Rita S Guerra, Ana S Sousa, Luísa Álvares, Rui Valdiviesso, Cláudia Afonso, Patrícia
Padrão, Cátia Martins, Graça Ferro, Pedro Moreira, Nuno Borges. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 14.09.2016. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

JMIR Res Protoc 2016 | vol. 5 | iss. 3 | e184 | p.8http://www.researchprotocols.org/2016/3/e184/
(page number not for citation purposes)

Amaral et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2016/3/e184/
http://dx.doi.org/10.2196/resprot.6037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27628097&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

