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ABBREVIATIONS

ADL/ADLs Activities of Daily Living

ARS Regional Health Authorities

B unstandardized coefficient

BMI Body Mass Index

BW Body Weight

cl Confidence Interval

climb Able to climb up five steps

EAA Essential Amino Acid

ELSA English Longitudinal Study of Ageing

EpiDoC Epidemiology of Chronic Diseases Cohort

EQ-5D-3L European Quality of Life questionnaire with five dimensions and three levels
ESPEN European Society for Clinical Nutrition and Metabolism

HAQ Health Assessment Questionnaire

HAQ-DI Health Assessment Questionnaire Disability Index

HBV High Biologic Value

HLY Healthy Life Years

HRS Health and Retirement Study

IADL Instrumental Activities of Daily Living

ICF International Classification of Functioning, Disability and Health
ICIDH International Classification of Impairments, Disabilities, and Handicaps
IoM Institute of Medicine of the United States of America

IPI Inadequate Protein Intake

ISCED International Standard Classification of Education

IWL Involuntary Weight Loss

mTOR Mammalian Target Of Rapamycin

NA Not applicable

NUTS Nomenclature of Territorial Units for Statistics

OECD Organisation for Economic Co-operation and Development

OR Odds Ratio

P p-value

RDA Recommended Dietary Allowance

reach Able to reach and get down a 2.5 kg object from above the head
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RESUMO

Introducdo: O dramdtico aumento da esperanga de vida é uma das maiores conquistas das sociedades
modernas. No entanto, muitos desses Ultimos anos podem ser passados com incapacidade fisica e ma
gualidade de vida. A reduzida ingestao proteica associa-se a perda de massa muscular e de forca nos idosos.
Contudo, a evidéncia cientifica sobre a associagdo entre a ingestdo proteica e limitagao funcional em idosos
é limitada. Assim, os objetivos deste estudo sdo: 1) determinar a prevaléncia de limitagdes funcionais na
populacdo idosa a viver na comunidade em Portugal; 2) estabelecer a associacdo entre a ingestdo de

alimentos com alto teor proteico e as limitagGes funcionais nesta populagao.

Métodos: Para responder aos objetivos foi utilizado um estudo transversal em 2393 individuos (> 65 anos)
da segunda onda de avaliacdo da coorte EpiDoC, um estudo de base populacional representativo da
populacdo portuguesa. Os participantes responderam a um questiondrio estruturado durante uma entrevista
por telefone. Foram recolhidos dados sociodemograficos, de salde, de estilos de vida, de ingestao alimentar,
dados antropométricos e funcgao fisica. A limitagdo funcional foi definida como uma pontuacgdo superior a 0
no Health Assessment Questionnaire (HAQ). Utilizou-se regressdo logistica bindaria e regressao linear para

avaliar a associagcdo entre os alimentos com alto teor proteico e a prevaléncia de limita¢des funcionais.

Resultados: A prevaléncia de limitagdo funcional entre os idosos portugueses foi de 81,0% (n = 2236). A
prevaléncia aumentou com o grupo etario (76,9% para os individuos entre os 65 e 0s 75 anos vs. 93,1% nos
individuos com mais de 85 anos) e foi mais elevada em individuos do sexo feminino (87,1%) e na regido dos
Acores (85,3%). Ndo houve associa¢do entre o consumo de alimentos com alto teor proteico (carne, peixe e
produtos lacteos) e as limitagdes funcionais [por exemplo, comer carne todos os dias vs. comer carne
raramente ou nunca, em relagdo a presenga de limitages funcionais (OR 0,75; IC a 95%: 0,32-1,78)]. Apesar
deste resultado, verificou-se que a idade, o sexo, o indice de massa corporal, a multimorbilidade, a toma de
medicacdo e o estado de saude percebido estavam significativamente associados (p < 0,05) a existéncia de
limitagdo funcional [por exemplo, indice de massa corporal (OR 1,08; IC a 95%: 1,03-1,12)], conforme ja

reportado na literatura cientifica.

Conclusdo: Existe uma elevada prevaléncia de limitagGes funcionais nos idosos portugueses e as intervencoes
nutricionais que previnam o seu desenvolvimento sdao de extrema importancia. Ndo foi identificada
associacdo entre o consumo de alimentos com alto teor proteico e a prevaléncia de limitagdes funcionais em

idosos portugueses. Estes resultados carecem de replicagdo noutros estudos em diferentes contextos.

Palavras-chave: Atividades da Vida Diaria (AVD); Envelhecimento; Limita¢des Funcionais; Portugal; Proteina.
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ABSTRACT

Introduction: The dramatic increase in life expectancy ranks one of the greatest achievements of the modern
societies. However, many of these later years may be spent with increasing disability and compromised
quality. Reduced protein intake has been associated with loss of muscle mass and strength in older adults.
However, evidence on the association between protein intake and functional limitations among older adults
is limited. We aimed to: 1) determine the prevalence of functional limitations among community-dwelling
Portuguese older adults and 2) establish the association between the consumption of high-protein foods and

functional limitations among Portuguese older adults in these population.

Methods: A cross-sectional analysis of 2393 adults (> 65 years), of the second wave of follow-up of the EpiDoC
cohort - a population-based study representative of the Portuguese population, was performed. Subjects
completed a structured questionnaire during a telephone interview. Sociodemographic, health data, lifestyle
behaviours, dietary intake, anthropometric data and physical function were collected. Functional limitation
was defined as a score > 0 in the Health Assessment Questionnaire. Binary logistic regression and linear

regression were used to assess the effect of high-protein foods on functional limitations.

Results: Functional limitation prevalence among older adults was 81.0% (n = 2236), increased with age strata
(76.9% for 65 — 75 years to 93.1% for > 85 years), and was highest in female individuals (87.1%) and in the
Azores (85.3%). There was no association between the consumption of high-protein foods (meat, fish and
dairy products) and functional limitation outcomes [e.g. the odds of having functional limitations (HAQ > 0)
was similar for eating meat every day vs. eating meat rarely or never (OR 0.75; 95% Cl: 0.32-1.78)]. Despite
this result, we found that age, sex, body mass index, multimorbidity, medication use and perceived health
status were significantly associated (p < 0.05) with functional limitation prevalence [e.g. body massindex (OR

1.08; 95% Cl: 1.03-1.12)], as previously reported in scientific literature.

Conclusion: Community-dwelling Portuguese older adults have a high prevalence of functional limitations,
suggesting the urge to address this situation with nutritional interventions that prevent the development of
functional limitations. There was no association between the consumption of high-protein foods and the
prevalence of functional limitations in Portuguese older adults. These findings need to be replicated in other

studies in different settings.

Keywords: Activities of Daily Living (ADL); Aging; Functional Limitations; Portugal; Protein.
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1. INTRODUCTION
11 Ageing and functional limitations

1.1.1  Ageing and functional decline

The world’s population is ageing and the proportion of older people (65+) is increasing across the globe (1).
In the European Union 20.3% of people are older adults (2). This epidemiologic transition encompasses a
broad set of changes that include a decline from high to low fertility rates; a steady increase in life expectancy
at birth and at older ages; and a shift in the leading causes of death and illness from infectious and parasitic
diseases to noncommunicable diseases and chronic conditions (3). Estimates show that the number of people
over 60 are expected to double by 2050 (1). The rising life expectancy at 65 is increasing the number and
proportion of people at very old ages. The “oldest old” (people aged 85 or older) represent 8% of the world’s
65-and-over population: 12% in more developed countries and 6% in less developed countries. In developed
countries, the “oldest old” are the fastest growing part of the total population (1, 3). Worldwide, the 85-and-
over population is projected to increase 351% between 2010 and 2050, compared to a 188% increase for the

population aged 65 or older and a 22% increase for the population under age 65 (3).

Portugal has one of the highest proportions of people aged 65 or older (21.8%)(4). Although the average life
expectancy at birth exceeds 80 years, Portugal is one of the countries in the Organisation for Economic Co-
operation and Development (OECD) with fewest years of healthy life after age 65 (4). The index of ageing in
Portugal is currently of 163 older adults (= 65 years) for every 100 young people (0-14 years), with an average

life expectancy of 80.9 years (5).

In fact, living longer does not necessarily equate to being healthy or living independently (6). Most adults will
experience one or more health problems with lingering consequences. The impact of the disease or injury
determines overall well-being and quality of life (6). Frailty, sarcopenia and malnutrition are common
geriatric syndromes associated with functional decline, disability, hospitalization, institutionalization, and
mortality (6). Frailty can be defined as a “biologic syndrome of decreased reserve and resistance to stressors,
resulting from cumulative declines across multiple physiologic systems, and causing vulnerability to adverse
outcomes” (7). Frailty markers include age-related declines in lean body mass, strength, endurance, balance,
walking performance, and low activity, which must be clinically present to constitute frailty. Many of these
factors are related and can, in theory, be unified in a cycle of frailty associated with decreased energy and
reserves (7). Fried et al. proposed a phenotypic model, based on five essential features: (a) unintentional
weight loss; (b) muscle weakness; (c) self-reported fatigue; (d) impaired mobility, and (e) sedentary behaviour

(7). This model is used as an operational definition of frailty in research and clinical practice: individuals with

11



MEDICAL e,
SCHOOL 2
FACULDADE
DE CIENCIAS
MEDICAS —

three or more factors should be identified as frail, whereas those with one or two features should be

considered pre-frail (8).

Geriatric syndromes are not independent of each another and often overlap (6). Ageing and functional
decline are inevitable factors. However, the coexistence of frailty, sarcopenia and malnutrition increase the
pace and progression towards loss of independence in older adults (6). The coexistence of these syndromes

may lead to a cycle of functional decline (Figure 1).
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Figure 1. Cycle of functional decline (adapted from Litchford, 2014).

ADL, activities of daily living; BMI, body mass index; HBV, high biologic value; IWL, involuntary weight loss.

Reduced energy intake and insufficient high biologic value protein intake, combined with impaired nutrient
utilization and impaired endocrine function, can contribute to undernutrition and consequently to
malnutrition. Suboptimal intake of dietary protein compared with estimated physiological requirements
contributes to gradual loss of muscle mass and diminished function and strength, evident in sarcopenia (6).
Likewise, malnutrition results in skeletal muscle mass loss and involuntary weight loss. Reduced muscle
strength leads to weakness, impaired functionality, and loss of nutrition-related activities of daily living
(ADLs). Consequences of weakness and functional decline include a more sedentary and reclusive behaviour,
affecting the ability of grocery shopping and meal preparation, which can result in the arise of food insecurity
(6). Inactivity and age or disease-related inflammation lead to weakness and decreased lean body reserves,

which combined with sustained protein and energy intakes below physiological needs, maintains a cycle of

12
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impaired functionality and reduced ability to perform nutrition-related ADLs (6). The worst consequences
are evident when acute or chronic episodes of illness or injury demands hospitalization. These episodes can
significantly reduce physical stamina and appetite, which results in a very low nutrient intake. However,
inflammatory stress elevates resting energy requirements and reserves of lean body mass are mobilized to
meet protein requirements. The following decline trajectory is exacerbated by inflammation effects
aggravated by the iatrogenic effects of hospitalisation or institutionalisation and prolonged bed rest which
further promote muscle mass loss. These geriatric syndromes can be prevented and/or attenuated through

prevention strategies, including the increase of high-quality protein intake (6).

In a Portuguese cross-sectional study of 1454 older adults with 65 years or older (Nutrition UP 65 study), pre-
sarcopenia and sarcopenia were diagnosed in 457 (31.4%) and 65 (4.5%) older adults, respectively, while pre-
frailty was identified in 791 (54.4%) and frailty in 310 (21.3%) individuals (9). Also 646 (44.4%) were classified
as overweight (25.0 - 29.9 kg/m?) and 568 (39.1%) as obese (30.0 kg/m? or above). Undernutrition was

present in 18 (1.2%) older adults and 211 (14.5%) were at risk of undernutrition (9).

Although life expectancy at birth has increased by approximately 3 years over the past decade, disability-free
life expectancy [i.e., the healthy life year (HLY) expectancy] has not increased over this same time period
(10). This occurrence is not consistent across European countries, since in 12 countries out of 28 the HLY
expectancy at 65 years decreased from 2010 to 2014 (11). Furthermore, the gap between life expectancy
and healthy life expectancy is increasing (10). HLY expectancy is determined primarily by progressive
impairment in performing ADLs, a measure of functional decline that is associated with frailty (12, 13). Frailty
is associated with loss of autonomy in performing ADLs as well as health-related problems,
institutionalization, and/or hospitalization, with negative impacts on quality of life (10). From a public health
perspective, frailty is a multidimensional issue resulting from changes in physical and mental health and
functional status as well as lack of social and economic resources (10). There is evidence that functional
decline is associated with lower psychosocial status, namely social isolation, malnutrition, and comorbidity

(14-18), which are all determinants of frailty (10).

The World Health Organization (WHO) estimates that around 15% of the world population lives with some
sort of disability and that between 2% and 4% of people aged 15 and over have functional limitations, with
an increase in the rates of disability and chronic health problems, partly due to ageing population (19). A
major problem faced by older adults is the decline of their functional capacity (20) and consequently, having
to resign themselves to a more dependent way of life (21). Thus, estimating older adults’ health involves the
assessment of both their physical and functional status (21, 22). The degree of functionality is considered an
important determinant of older people quality of life, as it constitutes a strong indicator of aging and

independent living (22, 23), as well as a strong indicator of disability (24) and, as a consequence, of mortality

13
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(25), institutionalization (26) and increased use of health care services (27, 28). Therefore, the ability of
societies to continue to meet the needs of their oldest members may be increasingly challenged by an
increase in the rates of physical impairment due to advanced aging (29). However, it has been noted that

such a decline in health may not be inevitable and is certainly not experienced equally by all older adults (30).

Understanding the factors that contribute to functional limitation may help all the older adults’ health care
workers in the development of efficient preventive strategies (21). Several studies have addressed the risk
factors for functional decline, which were summarized in biological, psychological and social factors such as
comorbidity, body mass index (BMlI), health related behaviours such as drinking and smoking, demographical

factors, family and social contacts, cognitive impairment, depression and stress (21, 28).

1.1.1.1 Sarcopenia: a closer look

The ageing process is associated with gradual and progressive loss of muscle mass, accompanied by a
decrease in muscle strength and physical endurance, which is known as sarcopenia (31). Sarcopenia is a
progressive and generalized skeletal muscle condition associated with increased likelihood of adverse
outcomes including falls, fractures, physical disability and mortality (32, 33). It is common among adults of
older age but can also occur earlier in life, namely among sedentary adults (31, 32). Sarcopenia definition
has suffered updates over time (32, 34). Recently, muscle strength has gained particular importance. In the
revised European Guidelines on the Definition and Diagnosis of Sarcopenia (2019), muscle strength comes to
the forefront, as it is recognized that strength is better at predicting adverse outcomes than muscle mass
(32). Muscle quality is also impaired in sarcopenia and this term describes micro- and macroscopic aspects
of muscle architecture and composition (32). Muscle quantity and muscle quality remain problematic as
primary parameters to define sarcopenia due to technological limits (32). The detection of low physical
performance predicts adverse outcomes and can be used to identify the severity of sarcopenia (32).
Therefore, sarcopenia is now defined by low levels of measures for three parameters: (i) muscle strength, (ii)

muscle quantity/quality and (iii) physical performance as an indicator of severity (32).

Sarcopenia can be prevented with regular resistance and aerobic exercise (31). In addition, good nutrition,
in particular adequate energy and protein intake, can help stem the decline in muscle mass, strength and

functional abilities (31).

1.1.2 Concepts: from “active ageing” to “functional limitations”

Active ageing is a multidimensional concept affected by several factors, including physical functionality,
lifestyle, urban environment, and social inclusion (10, 35, 36). In 2015, the WHO defined active ageing as “the
process of optimizing opportunities for health, participation and security in order to enhance quality of life

as people age” and healthy ageing as “the process of developing and maintaining the functional ability that

14
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enables well-being in older age” (37). The World Health Report on ageing emphasized the role of public
health strategies in building and maintaining health in older adults (10, 37). The concept of active aging is
closely linked to functional capacity, defined by the maintenance of autonomy and independence in daily

life, although there may coexist some physical, mental or social limitation (36, 38).

An operational definition of healthy ageing is still being debated, nevertheless, and agreement has not yet
been achieved (10). McLaughlin and colleagues analysed the impact of different definitions of healthy ageing
and concluded that a functional definition of health, i.e., free from symptomatic diseases and disabilities,
may be acceptable (39), although they did not account for the social dimension of “active” ageing (10). This
social dimension is considered to be crucial since its impact on developing and maintaining health at all ages
(10). A more comprehensive approach to assess the process of active and healthy ageing at the population
level should therefore consider several domains, including health status, income security, capability, and
environment (10, 40). This concept is consistent with the approach recently proposed by WHO, describing
healthy ageing as the result of the interaction between the physical and mental capacity of an individual (the

intrinsic capacity), and the context of each individual’s life (the environment) (10, 41).

Through the assessment of changes in pain and movement, and corresponding improvements that arise from
these changes, the disablement process can be evaluated at the levels of impairment, functional limitation,

and disability (42).

Impairment has previously been defined as “anatomical, physiological, mental or emotional abnormalities or
loss”, whereas functional limitation is defined as “limitation in performance at the level of the whole
organism or person” (43). In fact, functional limitations constitute restrictions in performing fundamental
physical and mental actions used in daily life by one’s age-sex group (21, 43). In contrast, disability is
considered a “limitation in performance of society defined roles and tasks within a sociocultural and physical
environment” (43, 44) or more concisely as “any restriction or lack of ability to perform a task or an activity
in the manner considered normal for a person” (45). The disablement model refers to “various impact(s) of
chronic and acute conditions on the functioning of specific body systems, on basic human performance, and
on people’s functioning in necessary, usual, expected, and personally desired roles in society” (43, 44, 46).
Therefore, this model is used to determine the consequences of disease and injury “both at the level of the

person and at the level of society” (44).

In contrast to disablement models such as the Nagi model (44),the International Classification of
Functioning, Disability and Health (ICF), published by WHO, does not discriminate between functional
limitation and disability (45, 47). The domains described within the ICF model are classified from body,
individual, and societal perspectives by means of two lists: (1) a list of body functions and structure; and (2)

a list of domains of activity and participation (47). Activity and participation are influenced by contextual
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factors, including personal and environmental. The ICF differs most dramatically from the disablement model
in that the definition of functioning (or activity) is highly complex and multi-dimensional, and likely differs
from person to person (42, 47). For example, the WHO describes functioning as “an umbrella term for body
functions, body structures, activities and participation”; “it denotes the positive aspects of the interaction
between an individual (with a health condition) and that individual's contextual factors (environmental and
personal factors)” (47). The ICF defines disability as a concept comprising impairments, activity limitations
and participation restrictions (47). Impairment is considered a “loss or abnormality in body structure or
physiological function (including mental functions)”; activity limitations are “difficulties an individual may

have in executing activities”, whereas participation restrictions are considered “problems an individual may

experience in involvement in life situations” (47).

Figure 2 represents two conceptual schemes created in the 80’s and early 90’s that have informed discussions
and research on disability and contributed to the Disablement Process Model (Figure 3) (43). The
International Classification of Impairments, Disabilities, and Handicaps (ICIDH), now referred to as the ICF,
provided an inventory of numerous specific titles about three central concepts: Impairment, Disability,
Handicap (43). Despite political acceptance, scientific researchers had trouble using ICIDH as a basis for
hypothesis development and study design, which resulted in an updated version in 2001 (43). The other
scheme was conceived and developed by the sociologist Saad Nagi and had four central concepts: Active
Pathology, Impairment, Functional Limitation and Disability (43). The concepts of Functional Limitation and
Disability cover essentially the same scope as ICIDH’s Disability (43). There is no parallel concept for Handicap.
It was sociological theory that underpinned Nagi’s work, not taxonomic interest (43). The Institute of
Medicine of the United States of America (IOM) adopted Nagi’s basic framework (43). The Disablement
Process, published in 1994, has its main foundation in the Nagi scheme, but also draws in the scope and detail

of ICIDH, being useful for research design (43).
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HANDICAP

Disadvantage due to
impairment or disability
that limits or prevents
fulfillment of a normal
role (depends on age, sex,
sociocultural factors) for

the person

DISABILITY

Limitation in performance
of socially defined roles
and tasks within a
sociocultural and physical

environment

Figure 2. Conceptual schemes for disablement (adapted from Verbrugge & Jette, 1994).

*This version was revised and updated to the actual version: International Classification of Functioning, Disability

and Health, World Health Organization 2001.
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MEDICAL CARE & REHABILITATION
surgery, physical therapy, speech therapy, counseling, health education, job

retraining, etc.

MEDICATIONS & OTHER THERAPEUTIC REGIMENS
drugs, recreational therapy/aquatic exercise, biofeedback/meditation,

rest/energy conservation, etc.

EXTERNAL SUPPORT

personal assistance, special equipment and devices, standby

assistance/supervision, day care, respite care, meals-on-wheels, etc.

BUILT, PHYSICAL, & SOCIAL ENVIRONMENT structural modifications at job/home,
access to buildings and to public transportation, improvement of air quality,

reduction of noise and glare, health insurance & access to medical care, laws &

regulations, employment discrimination, etc.

NSO

PATHOLOGY IMPAIRMENTS
diagnoses of dysfunctions and
disease, injury, structural abnormalities
congenital/ in specific body systems:
developmental musculoskeletal,
condition. cardiovascular,

neurological, etc.

FUNCTIONAL
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actions: ambulate,
reach, stoop, climb
stairs, produce
intelligible speech, see
standard print, etc.

DISABILITY
difficulty doing
activities of daily life:
job, household
management,
personal care,
hobbies, active
recreation, clubs,
socializing with
friends and kin,
childcare, errands,
sleep, trips, etc.

Predisposing LIFESTYLE & BEHAVIOUR CHANGES

characteristics: overt changes to alter disease activity and impact.

demographic, social,
lifestyle, behavioral,
psychological,
environmental,

PSYCHOSOCIAL ATTRIBUTES & COPING
Positive affect, emotional vigor, prayer, locus of control, cognitive

biological. ACTIVITY ACCOMMODATIONS
changes in kinds of activities, procedures for doing them,
frequency or length of time doing them.

adaptation to one’s situation, confidant, peer support groups, etc.

Figure 3. The Disablement Process model (adapted from Verbrugge & Jette, 1994).

18

UNIVERSIDADE

NOVA

DE LISBOA



mEDICAL SSmWC,  UNIVERSIDADE

SCHOOL o
@) NovA

FACULDADE
DE CIENCIAS DE LISBOA

MEDICAS

1.1.3  Measuring functional limitations

Function can be measured in a number of different ways, including through the use of impairment measures,

self-report measures, and physical performance measures (42).

Functional limitations are restrictions in performing fundamental physical and mental actions used in daily
life by one’s age-sex group. These are generic actions, recruited in many specific circumstances (43). They
indicate overall abilities of body and mind to do purposeful “work” (43). Fundamental physical (body) actions
include overall mobility, discrete motions and strengths; examples are walking, lifting objects and climbing
stairs (43). Tests of physical and mental actions have various formats: (i) self-reports or proxy reports (spouse,
parent or personal physician, etc.) of difficulty doing an action (no difficulty, some, a lot, unable); (ii) an
interviewer’s observation of the subject doing an action, with a rating of her/his performance (fully able,
partially able, unable) or sometimes counts (of steps, of repetitions before fatigue, etc.); and (iii) equipment-
based evaluation of performance, including timed tasks. All these measure a person’s ability to perform tasks

“on their own” and without assistance (43).

Katz and Lawton developed the indexes of ADLs and instrumental activities of daily living (IADL) (13, 48).
According to the National Research Council (2009), the purpose of measuring ADL has been to calculate the
prevalence of functional limitation and disability, evaluate the service provision need of older populations,
and to determine to what extent a given disabled group can participate in the activities of the broader

population (49, 50).

The Health Assessment Questionnaire (HAQ), also referred to as the Health Assessment Questionnaire
Disability Index (HAQ-DI) or the original HAQ (51), is one of the most widely used instruments for measuring
functional disability (52). The HAQ was originally developed and validated for English-speaking populations
in the United States and Canada (53). It has since been translated or culturally adapted into more than 60
different languages or dialects, often with only minor changes, including Portuguese language (53, 54). This
instrument contains questions on functional limitations from which a valid, effective, and sensitive measure
of disability, the HAQ-DI (range of scores 0-3; with a higher score representing worse functional ability), can
be computed (52). Computation of a Disability Index is made possible by not considering questions regarding
the use of aids/help (51). The cut-off value of HAQ-DI > 0 was proposed by Krishnan et al. (52). The decision
of using this cut-off value for functional limitation is sustained by the previously used arguments in 2004 (52).
The mentioned authors calculated disability rates as the proportion of individuals with a HAQ-DI > 0 as
opposed to any other cut-off value, for the following reasons. Instead of asking how much disability is
disability, from a clinical stand point they asked “How much disability is ‘undisability’ or having no disability?”
(52). The answer to this question is simple when it comes to the HAQ — a HAQ-DI equal to 0 (52). They

considered to be a less controversial method than using any other cut-off value for the HAQ-DI because once
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the individual expresses some difficulty in performing one or more activities (HAQ-DI > 0), then by definition
the individual is disabled (52). This cut-off value was recommended to define disability, since it is intuitive,
sensitive, valid, and is useful and meaningful in all settings (52). Furthermore, the other compelling reason
presented for using a dichotomized measure of functional disability is the fact that the distribution of HAQ-
DI in patient groups and in general population is not Gaussian (52). Consequently, any measures of central
tendency, such as mean or median, are associated with imprecise measures of dispersion, such as standard
deviation or interquartile range (52). Therefore, dichotomizing the HAQ-DI at O would result in a more robust

measurement in certain situations and would supplement mean and median measurements (52).

1.2 Recommendations for protein intake in older adults

The WHO and the Institute of Medicine of the United States of America (IOM) recommend a protein intake
(Recommended Dietary Allowance, RDA) of 0.8 g/kg body weight (BW)/d, regardless of age (> 18 years) (55,
56). In the United Kingdom, the recommendation is 0.75 g/kg BW/d (57), while in the Nordic Countries,
Australia and New Zealand the value reaches 1.2 g/kg BW/d (58). Several authors and scientific associations
consider the RDA of 0.8 g/kg BW/d insufficient to prevent sarcopenia and to compensate for the protein
catabolism associated with aging (31, 59-63). The European Society for Clinical Nutrition and Metabolism
(ESPEN) recommends the intake of 1.0 to 1.2 g protein/kg BW/d for healthy older people; 1.2 to 1.5 g
protein/kg BW/d for older people who are malnourished or at risk of malnutrition, with even higher intake
for individuals with severe illness or injury (31). ESPEN also recommends daily physical activity or exercise
(resistance training, aerobic exercise) to older people, for as long as possible (31). These recommendations
are in line with those of the PROT-AGE study group (64). Nordic nutrition recommendations suggest an even

higher RDA, from 1.2 to 1.4 g/kg BW/d (65).

Although sarcopenia is multifactorial, protein intake, its dietary sources and timing of intake seem to be
decisive in the aetiology and management of this ageing-related muscle and strength loss (61). Ensuring
protein intake above 1.0 g/kg BW/d and the ingestion of ~25-30 g of protein per eating occasion across 3
main meals/d, in close temporal proximity to physical activity, may be the necessary strategy to effectively
and efficiently stimulate muscle protein synthesis in older adults (66, 67). Experimental studies that
compared muscle protein synthetic responses to protein ingestion in young and old adults suggest that a
higher relative protein intake is necessary to maximally stimulate skeletal muscle protein synthesis in older
adults (58). A large and comprehensive study with over 700 individuals aged 85 years old (Newcastle 85+
Study) found that 28% of the participants had protein intakes below the WHO recommendation (< 0.8 g /kg
BW/d) (61). Low protein intake (< 0.8 g /kg BW/d) was less likely when participants had a higher percent
contribution of meat and meat products to total protein intake (OR 0.97, 95% Cl 0.95, 1.00) but more likely

with a higher percent contribution of cereal and cereal products and non-alcoholic beverages (61). Having
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higher energy intake (p < 0.001), being a woman (p < 0.001) and higher tooth count (p = 0.047) was associated

with higher protein intake in adjusted models (61).

Timing, distribution, and quality of dietary protein throughout the day are important factors in maximizing
tissue accretion (67). The biological quality of dietary protein is determined by the distribution and quantity
of essential amino acids (EAA) required for tissue accretion (68). Moreover, the timing of meals and the
guantity of high-quality protein consumed are also important factors. One study in healthy older women
found that providing 79% of the day’s protein at the noon meal improved protein retention compared with
a more even distribution of dietary protein across all 3 meals (69). Other researchers found that consuming
30 g of high-quality dietary protein at each meal maximized protein synthesis in non-exercising adults. The
key was consuming sufficient amounts of the EAA leucine required to activate mammalian target of
rapamycin (mTOR) signalling pathway that regulates protein synthesis and muscle tissue accretion (70, 71).
Protein intake of 70 g in a mixed meal, which represents the manner in which dietary protein is normally
consumed, induced a greater anabolic response in older adults, compared to an isocaloric meal containing
35 g of protein (72). The higher protein intake stimulated a greater protein synthetic response, both in the
whole-body and skeletal muscle (72). Whole-body protein breakdown was also suppressed to a greater

IM

extent with the higher level of protein intake (72). These data indicate that the proposed “optimal” level of
dietary protein in a meal of 30—35 g significantly underestimates the needs of older individuals (72). Offering
up to 90 g high-quality dietary protein in a single serving did not stimulate further protein synthesis (71). Not
all sources of dietary protein are nutritionally equivalent (68). Animal-based plant protein is expected to have
a higher content of branched-chain amino acids, thus suggesting greater stimulation of anabolic pathways
and muscle protein synthesis than plant-based protein (8). Additionally, animal-based protein have higher
digestibility rates (~90%) compared to plant-based protein (~*50%) (8). The benefit of enhancing a low-protein
diet with a leucine supplement demonstrated an improved muscle synthetic response in a small non-random
controlled cohort of community-dwelling elders at risk of muscle loss (73). More research is needed to clarify
the long-term benefit of selected amino acid supplementation in modifying the trajectory of sarcopenia or
as a secondary nutrition prevention to counteract the effects of sarcopenia (6). The Society for Sarcopenia,
Cachexia and Wasting Disease recommendations for the prevention and management of sarcopenia serve
as primary and secondary nutrition preventions to manage the concurrent occurrence of frailty, sarcopenia,

and malnutrition. Selected recommendations include protein intakes 1.0-1.5 g/kg/d, leucine-enriched EAA

supplements, and resistance exercise (74).

In a systematic review and meta-analysis including 29 studies, covering 2255 participants (mean age:
78.1years), amino acids, creatine, B-hydroxy-B-methylbutyrate, and protein with amino acids

supplementation significantly improved muscle mass (75). No effect was found for protein supplementation
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alone, protein and other components, and polyunsaturated fatty acids (75). High interstudy variability was
observed regarding the dose, duration, and frequency, coupled with inconsistency in reporting timing and
adherence (75). Overall, several nutritional interventions could be effective to improve muscle mass
measures in older adults but, due to the substantial variability of the intervention factors among studies, the

optimum profile is yet to be established (75).

In Portugal, regarding protein intake and according to the latest National Food and Physical Activity Survey
(2015-2016), 48.6% of Portuguese older adults consume less than 1 g protein/kg BW/d (60.3% women; 38.5%
men), being the “meat, fish and eggs” (46.0%) the group that contributes the most to protein intake, followed

by “cereals, derivatives and tubers” (20.1%) and “dairy products” (15.9%) (76).

Considering there is no evidence that a reasonable increase in dietary intake adversely affects health
outcomes and deductive reasoning suggests beneficial effects of a higher protein intake, it is logical to

recommend an optimal dietary protein intake for older individuals greater than the RDA of 0.8 g/kg/day (33).

1.3 Protein intake and functional outcomes

Protein intake in combination with exercise are determinants for maintaining muscle function (31). Although
all nutrients, in general, play an important role in maintaining muscle mass, it is the adequate and regular
intake of protein that stands out as essential to stimulate protein synthesis (60, 77, 78). Reduced protein
intake in the older adults has been associated with loss of muscle mass and strength, greater disability, loss
of independence and mortality in several cohort studies (61, 79-82). For this reason, the prevention of
sarcopenia is an important goal, given its association with the increased likelihood of falls and the inability to
perform ADLs (65). Essential amino acids, particularly leucine, can directly stimulate muscle protein synthesis
by activating translation initiation via the mTOR pathway (59). Adequate protein intake is critical to provide
essential amino acids to replace those who are lost via catabolic pathways and support protein accretion
and growth (59). Therefore, protein intake can play an important role in the maintenance of muscle mass
which is determinant for adequate function and also for disease outcomes (59). Effective primary nutrition
preventions for geriatric syndromes like sarcopenia, frailty and malnutrition include increasing intakes of
high-quality protein with sufficient levels of leucine, optimizing vitamin D status with dietary supplements,
and increasing daily resistance exercise (6). There is evidence for clinicians to encourage older adults to set
a goal to consume 30 g of dietary protein per meal from foods and protein fortifiers or supplements (6).
Foods rich in leucine include milk and other dairy products, eggs, seafood, and lean muscle meats. Leucine-

rich protein supplements include whey protein isolate and soy protein isolate (6).

Scientific evidence on the association between protein intake and functional disability in older adults is

limited (83). Some observational studies have found that higher protein intake was associated with a lower
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prevalence and lower incidence of functional disabilities in community-dwelling older adults (84-86). A more
recent study concluded that protein intake > 1.0 g/kg adjusted BW/d was associated with a lower probability

of having functional limitations in the subsequent 5 years (83).

The Health, Aging and Body Composition study assessed the association between dietary protein and
changes in lean body reserves over a 3-year period. Participants in the highest quintile of protein intake lost
approximately 40% less lean body mass than those in the lowest quintile. The authors concluded that dietary

protein may be a modifiable risk factor for sarcopenia in older adults (79).

The Newcastle 85+ Study revealed that a higher protein intake, especially > 1.0 g/kg adjusted BW/d, in the
oldest adults (aged 85 or more) was associated with fewer disabilities at baseline and shallower disability
trajectories over the subsequent 5 years, after adjusting for covariates (83, 87). In turn, the intake of < 1.0 g
of protein/kg adjusted BW/d can negatively affect future muscle strength and physical performance,

especially in older women, regardless of important covariates (66).

Framingham Offspring Study participants (n = 1896), aged 50 and older, were followed for an average of 14.4
years to assess long-term effects of weight-adjusted animal and plant protein intakes on aging-related
change in functional status and grip strength (88). Higher animal protein intake and higher levels of physical
activity and skeletal muscle mass were independently associated with lower risks of functional impairment
and greater preservation of grip strength (88). In this study, functional impairment was defined as failure to
complete (or having a lot of difficulty completing) a given task (88). Another study with Framingham Offspring
participants (n = 2917) observed favourable associations between protein intake and functional integrity over
a greater than 20-year timeframe, notably in women. The approach relied on function-related questions,
such as the ability to pull, lift, and do housework, asked repeatedly, and validated against objective physical

performance as well as a well-characterized frailty phenotype (89).

A study examined whether adherence to a higher protein diet while participating in a resistance-based
exercise program promoted more favourable changes in body composition, markers of health, and/or
functional capacity in 54 overweight and obese older females in comparison to following a traditional higher
carbohydrate diet or exercise training alone with no diet intervention (90). All groups experienced significant
improvements in muscular strength, muscular endurance, aerobic capacity, markers of balance and
functional capacity, and several markers of health (90). However, increasing the proportion of dietary protein
during the diet phase did not promote greater improvement in fitness, strength, and/or functional capacity
than those in the high carbohydrate or exercise only groups (90). A higher protein diet while participating in
a resistance-based exercise program promoted more favourable changes in body composition compared to

a higher carbohydrate diet in older females (90). This study supports recommendations that older individuals
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should participate in resistance-training and consume a higher proportion of protein in their diet in order to

maintain muscle mass (91-95).

In a more recent cross-sectional study (2019), protein intake and functionality of IADL and ADL were assessed
in 190 middle to older aged Mexican adults. It was found a high proportion of participants with inadequate
protein intake (IPI) (< 1.2 g/kg/day, < 30 g/meal, or < 0.4 g/kg/meal) per day, being dinner the meal with the
highest proportion of IPI. IPI at lunch was a significant risk factor for impaired functionality in ADL when

assessed with the 30 g/meal criterion (96).

However, in a study with 97 healthy community-dwelling adults without functional limitations aged 75—-85
years, aspects of protein intake were not associated with muscle mass, strength, or power (97). The study
investigated single and combined associations of daily protein intake, evenness of protein distribution across
the three main meals, number of meals providing > 0.4 g protein/kg BW, and number of meals providing >

2.5 g leucine, with muscle mass, strength, and power in healthy older adults (97).

Higher protein intake from vegetable source was associated with reduced muscle loss in Chinese community-
dwelling older adults (> 65 years; n = 2726), whereas no association between total and animal protein intake

and subsequent decline in muscle mass or physical performance measures was observed (98).

Giving the scarce and controversial evidence on the subject, it is clear the need to further investigate the

relationship between protein intake, namely high-protein foods intake, and functional limitations in this age
group.

The hypothesis of this study is that Portuguese older adults who consume more animal protein-source foods,
like meat, fish and dairy products, would have greater preservation of muscle strength and better functional
capacity, which would translate into less functional limitations (less difficulty with ADL). Considering the
existence of potential confounders in this relationship, such as sex, education level, BMI and multimorbidity,
statistical models were adjusted to these important variables. The rationale of this hypothesis is based on
the beneficial effect of increased dietary protein intake, namely the maintenance of muscle mass and
improvement of strength capacity (33). Increased dietary protein and subsequent increased availability of
plasma amino acids stimulates muscle protein synthesis, which therefore leads to improved muscle mass,
strength and function (33). Increased muscle mass, strength and function is related to improved health
outcomes in older individuals (33). Then, it is reasonable to presume that a higher protein intake will translate
to improved health outcomes in older adults (33). Although cause-effect relationship between muscle mass,
strength and function and health outcomes is subject to debate, it is clear that increased muscle mass and

function in older adults translates to an improved ability to perform ADLs and therefore quality of life (33).
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2. AIMS

This study aims to (1) determine the prevalence of functional limitations, through the ability to perform ADLs,
in community-dwelling Portuguese older adults, using the Epidemiology of Chronic Diseases Cohort (EpiDoC)
database and (2) establish the association between high-protein food consumption and functional limitations

among these population.
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3. METHODOLOGY

3.1 Study design and participants

This study is a cross-sectional evaluation of the second wave of the EpiDoC Cohort (i.e., the EpiDoC 2 study).
EpiDoC study is an observational prospective closed cohort study that started in 2011 and includes health
information on 10661 adults (of whom 22% were > 70 years old) (99). The sample is representative of the
Portuguese population (> 18 years old) and the participants were followed for five years (99, 100). The
participants were non-institutionalized or living in private residences in the Portuguese Mainland and Islands
(Madeira and Azores) (99). Population recruitment was conducted by Centro de Estudos e Sondagens de
Opinido da Universidade Catdlica Portuguesa, and multistage random sampling was used for participant
selection (99). The study sample was stratified by administrative territorial units (NUTS II: Norte, Centro,

Lisboa, Alentejo, Algarve, Azores and Madeira) (99).

The EpiDoC study is comprised of three waves: EpiDoC 1, EpiDoC 2 and EpiDoC 3 (99). For the purpose of this
study data from the second wave (EpiDoC 2) was analyzed. The EpiDoC 2 enrolled 7591 participants (out of
the initial 10 153 eligible participants), resulting in a response rate of 71.2% from EpiDoC 1 (99). Data
collection occurred between March 2013 and July 2015 (99).

The EpiDoC 1, or EpiReumaPt, was the first cross-sectional evaluation, performed between September 2011
and December 2013 (100). This study primarily assessed the prevalence of rheumatic and musculoskeletal
diseases and their impact on health-related quality of life, physical function, and mental health in Portugal
(100, 101). In this wave, face-to-face interviews were conducted at the residences of the 10 661 participants,

followed by a medical appointment one or two weeks later at the nearest primary health care centre (100).

The EpiDoC 2 expanded the scope of EpiDoC 1 and focused essentially on lifestyle behaviours and their
determinants, with the secondary objective of identifying innovative solutions for patients with disabilities
(99). It included more detailed questions, such as physical activity, dietary habits, tobacco and alcohol use
and sleeping habits (99). A structured questionnaire was administered during a telephone interview
conducted by trained research assistants, using a computer-assisted personal interview system (99). When
the initial contact attempt was not successful, additional attempts were made (morning, afternoon, evening,
and weekends), to a total of six attempts (100). Data collection included information on the
sociodemographic and economic situation, chronic diseases and functional limitations (99). Data were
recorded on a standardized form, and database access was restricted by use of a unique username and

password for each research team member (100).

EpiDoC 2 included 7591 adult participants, of whom 2393 were older adults (65 years and older) (Figure 4).

The population of this study consisted of Portuguese older adults from the EpiDoC cohort. Participants were
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included in the analysis if they were 65 years and older at the moment of data collection and if they presented
data regarding the variables included in the analysis. The variables of interest comprised (i) independent
variables, like the consumption of high-protein food groups (meat, fish and dairy frequency consumption),
(ii) dependent variables (outcomes), namely the HAQ final score and four single scores of the HAQ regarding
the ability to perform four different ADLs and also (iii) covariates, as the educational level, sex, physical
activity and BMI. Participants were excluded from the analysis if they had less than 65 years of age (n =5198)
and if they had missing or invalid dietary data, missing covariates or had missing or invalid data on the
outcome variables (n = 1064 to 1067). For the participants’ characterization analysis all the participants with
65 years and older (n = 2393) were included in the analysis, despite some of them missing information
regarding one or more variables of interest. The analytic study population used in regression models varied

because of missing data (n = 1326 to 1329) (Figure 4).

3.2 EpiDoC cohort measurements

3.2.1 Sociodemographic data

Information regarding sociodemographic factors (sex, age, years of education, Nomenclature of Territorial
Units for Statistics [NUTS] Il region) was collected in the EpiDoC 1 study. During the EpiDoC 2 interview,

subjects were asked if any of these characteristics had changed (102).

For this study, the educational level was defined based on the years of education of each participant.
Education level was classified according to the UNESCQ’s International Standard Classification of Education
(ISCED), a reference classification for organizing education programmes and related qualifications by
education levels and fields (103). Primary education (ISCED levels 0-2) refers or 9 or less years of education;
secondary education (ISCED levels 3-4) corresponds to 10 to 12 years of education and tertiary education

(ISCED levels 5-8) to more than 12 years of education (103).

3.2.2 Health data

In the EpiDoC 1 study, individuals were asked whether they had been previously diagnosed with the following
chronic diseases: hypercholesterolemia, hypertension, rheumatic disease, allergy, gastrointestinal disease,
mental disease, cardiac disease, diabetes, thyroid or parathyroid disease, pulmonary disease, hyperuricemia,
cancer, or neurologic disease (102). This information was updated in the EpiDoC 2 study interview.
Multimorbidity was defined as the coexistence of two or more of these self-reported chronic diseases (104).
Participants were also questioned about use of medication. Health-related quality of life was assessed using
the European Quality of Life questionnaire with five dimensions and three levels (EQ-5D-3L) (105), which

included perceived health status self-reported in a scale from 0 (the worst) to 100 (the best).
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3.2.3 Lifestyle data

The EpiDoC 2 study included several questions concerning lifestyle habits, such as frequency of alcohol
intake, smoking habits, frequency and type of physical activity (102). Physical activity level was classified

according to self-reported weekly frequency of physical activity (102).

” u

Smoking habits included the following options “never smoked”, “smoked in the past”, “smokes daily” and
“smokes occasionally”. The last two options were merged in the final variable, due to limited frequencies,
and originated one single category: “smokes daily or occasionally”. Alcohol intake was classified according to
the following categories: “never consumed”, “daily intake”, and “occasional intake”. Regarding physical

exercise, participants were asked if they were regularly active.
3.2.4 Dietary intake

Dietary intake was assessed through food frequency questions regarding the following foods and beverages:
soup, vegetables, fresh fruit, milk, and other dairy products. Participants also reported the usual number of

meals per day.

The intake of high-protein food sources was assessed through the frequency of fish, meat and milk and dairy

products consumption reported in the questionnaire on dietary intake and behaviours.

Initially the high-protein foods variables had six categories for the consumption frequency, but they were
transformed into four categories. The categories “Rarely” and “Never” were merged due to limited
frequencies. The “Every day” and “7-10 times/week” or “6 times/week” categories were also merged as they
represented an approximated food frequency value. The food frequency variables regarding fruit,
vegetables, soup and milk and dairy products consumption assumed the following values: “Every day or 6
times/week”, “3-5 times/week”, “1-2 times/week”, “Rarely or Never”. The food frequency variables
regarding fish and meat consumption had the following categories: “Every day or 7-10 times/week”, “4-6

times/week”, “1-3 times/week”, “Rarely or Never”.

3.2.5 Anthropometric data

Self-reported height and weight were collected in the EpiDoC study. Based on these data, BMI
(weight/height? in kg/m?) was calculated and initially categorized according to the World Health Organization
(WHO) classification system (106, 107). For the purpose of this study some adjustments were made since our
population are older adults and the WHO classification system may be inappropriate (108-111). Thus, the
BMI values were re-categorized according to the BMI ranges for older adults proposed by Lipschitz in 1994
[underweight: BMI < 22 kg/m?, normal weight: BMI 22 - 27 kg/m?, overweight: BMI > 27kg/m?)] (112). The

BMI was included in the analysis both as a continuous variable and as a categorical variable.
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3.2.6  Physical function

Physical function was evaluated using the HAQ (range of scores 0-3), with a higher score representing worse
functional ability. The HAQ contained eight categories, reviewing a total of 20 specific functions evaluate
patient difficulty with ADLs over the past week (51). There were 41 total items: 20 specific ADLs are assessed
on a 4-point Likert scale where 0 = without any difficulty, 1 = with some difficulty, 2 = with much difficulty,
and 3 = unable to do; 13 additional questions assessing use of assistive devices, and 8 additional questions
assessing help received from another. The 20 activities were grouped into 8 functional categories with each
category given a single score equal to the maximum value of their component activities (0, 1, 2, or 3).
Categories include dressing and grooming, arising, eating, walking, hygiene, reaching, gripping, and errands
and chores. It also identified specific aids or devices utilized for assistance, as well as help needed from
another person (aids/help) (51). A Portuguese translated version of the HAQ was administrated during the

telephone call by a trained interviewer. Portuguese validated versions of the assessment scale were used.

The prevalence of functional limitation was calculated using the HAQ DI > 0 cut-off value already proposed
in literature by Krishnan et al. (52). Thereby, the presence of functional limitation was considered when

participants had a final score > 0 in the HAQ.

The HAQ final score or HAQ-DI (range of scores 0-3) was considered an outcome variable to determine if
there was an association between high-protein food consumption and functional limitations in the study
population. The other outcome variables considered in this analysis consisted of four individual scores
regarding the difficulty with four ADLs: 1) Able to stand up from a straight chair, 2) Able to walk outdoors on
flat ground, 3) Able to climb up five steps, and 4) Able to reach and get down a 5-pound object (such as a bag
of sugar) from above your head. The four mentioned ADLs were abbreviated in the results, respectively, as

following: stand up, walk, climb, reach.

The choice of these specific ADLs relies on the fact that they are the ones that demand more from the large
muscle groups in the body. Thus, considering the purpose of this study, these ADLs should be more suitable
as outcome variables once they can better reflect functional limitations caused by insufficient protein

consumption by older adults.

3.3 Statistical analysis

A binary logistic regression model and a linear regression model were used to assess the effect of high-
protein food sources on functional limitations. The dependent variable (functional limitations) was nominal.
The independence of the observations was assumed and the categories of the dependent variable were

mutually exclusive. Multicollinearity was kept to a minimum by examining the variance inflation factor. The
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variables were chosen based on their theoretical value for the research question and the statistical

significance for the model in question.

In the descriptive analysis, absolute frequencies (n) and proportions (%) were used to summarize categorical
variables, whereas continuous variables were described by mean values * standard deviations (SD). The
ADLs’ outcome variables were transformed in order to merge two of the four initial categories, resulting in
three new categories: 0 = without any difficulty, 1 = with some difficulty, 2 = with much difficulty or unable
to do. This transformation was necessary given the small frequency in some categories. The HAQ final score
was included in this analysis as a continuous variable. To access if there was consumption frequency
difference between groups, Chi-squared test was used for categorical variables, ANOVA test for continuous

variables and Kruskal-Wallis test for HAQ final score variable (homogeneity of variances was not observed).

The effect of high-protein foods on functional limitations was assessed through binary logistic regression and

linear regression models.

To conduct the binary logistic regression there was the need to binarize the outcome variables. The HAQ final
score variable was recoded into a binary variable: 0 = absence of functional limitation and 1 = presence of
functional limitation. The other four outcome variables, regarding the difficulty with four ADL’s were recoded
as follows: 0 = without any difficulty, and 1 = with difficulty (any degree) or unable to do. Estimates of the

binary logistic regression were presented as Odds Ratio (OR) and 95% Confidence Interval (ClI).

Linear regression was conducted using the HAQ final score as a continuous outcome variable. Estimates for

linear regression were Beta estimates (B) and Standard Error (SE).

In the final regression models, the considered reference category of food frequency questions was “Rarely
or Never”. The models were also analysed using the “Every day or 6 times/week” or the “Every day or 7-10

times/week” as the reference category.

Potential confounders of the relationship between high-protein foods consumption and functional
limitations were included in both models (binary logistic and linear regression) as covariates. Models were
adjusted as follows: the first model was not adjusted for any covariate (unadjusted model); socioeconomic
model was adjusted for age, sex, geographical location (NUTS Il) and education level; lifestyle model was
adjusted as for socioeconomic model, plus variables of BMI, smoking status, alcohol intake, physical activity
and vegetables consumption; health model was further adjusted for self-rated health (perceived health

status scale), multimorbidity and pharmacological treatment.

To access if there was high-protein foods consumption difference between groups, Chi-squared test was used

for categorical variables and ANOVA test for continuous variables. For meat and fish consumption, Kruskal-
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Wallis test was used for HAQ final score variable (homogeneity of variances was not observed in the Levene’s

test: p <0.001).

Statistical analyses were performed with SPSS Version 25 (IBM SPSS Statistics, Chicago, IL, USA) and p < 0.05

was considered to be statistically significant.

34 Ethical issues and data confidentiality

The EpiDoC study was performed according to the principles established by the Declaration of Helsinki and
revised in 2013 in Fortaleza (113). The study obtained ethical approval from the National Committee for Data
Protection (Comissdo Nacional de Prote¢do de Dados) and by the NOVA Medical School Ethics Committee.

Ethical Committees of Regional Health Authorities also reviewed and approved the study (100).

Participants’ confidentiality was safeguarded by the lack of identifiers in the database (only a unique
identification code was used for each participant) (102). The name and contact information for each subject
were stored separately from the study data transmitted to the coordinating centre (102). All data were kept
anonymously and securely by authorized EpiDoC staff. Written informed consent was signed during EpiDoC

1 by participants agreeing to be followed and participate in the EpiDoC 2 study (102).
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Figure 4. Flowchart describing the study population.

Istand up: stand up from a straight chair; walk: walk outdoors on flat ground; 3climb: climb up five steps;

“reach: reach and get down a 2.5 kg object from above the head.
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4. RESULTS

4.1 Prevalence of functional limitations
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The overall prevalence of functional limitation among older adults was high (81.0%). In a total of 2236

individuals, 1812 had functional limitations (Table 1). This prevalence increased with age strata, ranging from

76.9% for individuals aged 65 to 69 years to 93.1% among adults > 85 years. When analysed by sex groups,

female participants had more prevalence of functional limitation compared to men (87.1% vs. 70.0%). Azores

(85.3%) and Centro (83.0%) were the regions with the highest prevalence of functional limitation (Table 1).

The lowest prevalence was identified in Norte (79.0%).

Table 1. Prevalence of functional limitation in the study population, stratified by age, sex and NUTS Il region.

Functional limitation

No functional limitation

(HAQ score > 0) (HAQ score = 0)
n % n %

65-75y 1064 76.9 319 23.1
Age strata 76 -85y 640 86.8 97 13.2

+85y 108 93.1 8 6.9

Female 1257 87.1 186 12.9
Sex

Male 555 70.0 238 30.0

Norte 481 79.0 128 21.0

Centro 421 83.0 86 17.0

Lisboa 349 79.1 92 20.9
NUTS I

Alentejo 129 81.6 29 18.4
region

Algarve 80 81.6 18 18.4

Azores 168 85.3 29 14.7

Madeira 184 81.4 42 18.6
Total 1812 81.0 424 19.0

Notes: n = 2236. y, years; HAQ, Health Assessment Questionnaire; NUTS Il, Nomenclature
of Territorial Units for Statistics.

When stratified by education level, the highest prevalence of functional limitation (82.6%) was identified

among the older adults with primary education, equivalent to < 9 years of education (Table 2). Secondary

educated participants, on the other hand, presented the lowest value of functional limitation (67.5%).
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Table 2. Prevalence of functional limitation in the study population, stratified by education level.

Functional limitation

No functional limitation

(HAQ score > 0) (HAQ score = 0)
n % n %
Education Primary education 1638 82.6 344 17.4
level? Secondary education 77 67.5 37 32.5
Tertiary education 92 70.2 39 29.8
Total 1807 81.1 420 18.9

Notes: n = 2227. HAQ, Health Assessment Questionnaire. ‘Education level coded according to the
International Standard Classification of Education (ISCED, 2011): Primary education = ISCED levels 0-2 (<
9 years of education); Secondary education = ISCED levels 3-4 (10-12 years of education); Tertiary

education = ISCED levels 5-8 (> 12 years of education).

4.2 Characteristics of study population and high-protein foods consumption
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High-protein food consumption, characterized by meat, fish and milk and/or dairy products consumption,

among Portuguese older adults is presented in Table 3. Most participants consumed fish and meat 4 to 6

times a week, combined with a milk and dairy products consumption of every day or 6 times a week (n = 261,

15,5%). Overall, 1305 participants reported a milk and dairy consumption of every day or 6 times a week,

which represents 77,3% of the study population (n = 1689) (Table 3).

Analysing consumption group by group, 643 (38.1%) of participants reported a meat frequency consumption

of 1-3 times/week, 637 (37.7%) consumed fish 4-6 times/week and 1305 (77.3%) included milk or dairy

products every day or 6 times/week in their meals (Table 3).
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Table 3. Cross-tabulation of meat, fish and milk/dairy products consumption in the study population.

Fish consumption

. Every day
Dairy Rarelyor 1 3tyw  46t/w  or7-10 Total
consumption never
t/w
Rarely or
never 0.6 (1) 1.3 (2) 1.3(2) 2.5 (4) 5.7 (9)
Meat 1-3 t/w 2.5 (4) 17.7 (28)  13.3(21) 7.0 (11) 40.5 (64)
Rarely or ;
neve:’ consumption 4 ¢t/ 1.3 (2) 8.9 (14) 15.8 (25) 0.6 (1) 26.6 (42)
Every day or
7-10 t/w 3.8 (6) 11.4 (18) 2.5 (4) 9.5 (15) 27.2 (43)
Total 8.2 (13) 39.2(62) 32.9(52) 19.6(31) 100 (158)
Rarely or
over 1.1(1) 3.4 (3) 1.1(1) 1.1(1) 6.8 (6)
Meat 1-3 t/w 0.0 (0) 21.6 (19) 11.4(10) 9.1 (8) 42.0 (37)
1-2t/w consumption 4 ¢4/, 0.0 (0) 12.5(11)  18.2(16) 3.4 (3) 34.1 (30)
Every day or
7-10 tw 1.1(1) 10.2 (9) 3.4 (3) 2.3(2) 17.0 (15)
Total 2.3(2) 47.7 (42) 34.1(30)  15.9 (14) 100 (88)
Rarely or
never 2.2 (3) 0.7 (1) 0.7 (1) 0.0 (0) 3.6 (5)
Meat 1-3 t/w 1.4 (2) 17.4 (24) 11.6(16)  10.1(14) 40.6 (56)
3-5t/w consumption 4 ¢ 4/ 0.0 (0) 9.4 (13) 18.8 (26) 3.6 (5) 31.9 (44)
Every day or
7-10 thw 2.9 (4) 10.1 (14) 0.7 (1) 10.1 (14) 23.9 (33)
Total 6.5 (9) 37.7(52) 31.9(44) 23.9(33) 100 (138)
Rarely or
Never 0.5 (6) 1.5 (20) 1.2 (16) 1.2 (16) 4.4 (58)
Meat 1-3t/w 0.9(12) 15.3(200) 13.9(181)  7.1(93) 37.2 (486)
Every day or 6 ;
w Y dayorsd consumption 461/ 0.8(10) 8.7(114) 20.0(261) 4.4(58)  33.9 (443)
Every day or
7-10 t/w 0.8 (11) 9.3 (121) 4.1(53) 10.2(133) 24.4(318)
Total 3.0(39) 34.9(455) 39.2(511) 23.0(300) 100 (1305)
Rarely or
never 0.7 (11) 1.5 (26) 1.2 (20) 1.2 (21) 4.6 (78)
Meat 1-3 t/w 1.1(18) 16.0(271) 13.5(228) 7.5(126)  38.1(643)
Total consumption 4 ¢\ 0.7 (12) 9.0 (152) 19.4(328) 4.0(67) 33.1(559)
Every day or
7-10 t/w 1.3 (22) 9.6 (162) 3.6 (61) 9.7 (164)  24.2 (409)
Total 3.7(63) 36.2(611) 37.7(637) 22.4(378) 100 (1689)

Notes: n = 1689. Participants with data regarding meat, fish and milk/dairy frequency consumption, simultaneously,
were included in this analysis. Values presented in each cell: % (n). t/w, times per week.
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4.2.1 Sociodemographic data

Of the 2393 older adults (= 65 years) included in this study, 1693 to 1711 participants had available
information about high-protein foods consumption (meat, fish and dairy products). Table 4, Table 5 and

Table 6 summarize participants’ characteristics according to different food frequency groups.

Overall, participants had a mean age of 74.0 £ 7 years and 53.5 - 53.6% were female. Regarding meat (n =
1706) and fish (n = 1693) consumption, participants’ mean age tended to decrease with higher frequency
consumption (Table 4 and Table 5). This tendency didn’t occur in the dairy group (Table 6). Age and sex were

significantly different between meat frequency categories (p < 0.001) (Table 4).

Primary education was the most prevalent education level among participants (88.3 - 88.4% had <9 years of
education) (Table 4, Table 5 and Table 6). Secondary education (10-12 years) was the least common (5.4 -
5.5%), followed by tertiary level (> 12 years of education) with 6.1 - 6.3% of participants. The “rarely or never”
category had the highest proportion of primary educated participants amongst all food groups (meat, fish,

and dairy).

Regarding geographic location (NUTS Il classification), most individuals were from the Norte region (32.1 -

32.3%) and Centro region (25.2 - 25.4%) (Table 4, Table 5 and Table 6).

4.2.2 Health data

The overall prevalence of multimorbidity among older adults was high (73.3 - 73.4%) (Table 4, Table 5 and
Table 6). Regarding high-protein foods consumption, the lowest prevalence was identified in the “rarely or
never” meat category (68.3%) (Table 4), in the “4-6 times/week” fish category (71.5%) (Table 5) and in the
“1-2 times/week” dairy category (68.9%) (Table 6).

Concerning pharmacological treatment, 92.2-92.3% of participants reported the use of medication (Table 4,
Table 5 and Table 6). The medication use prevalence was lowest among participants who reported to rarely
or never consume meat (85.4%) and fish (90.3%) and among individuals who consume dairy products 1-2

times in a week (89.8%).

The overall mean self-perceived health status among Portuguese older adults was 65 £ 19, in a scale from 0

to 100 (Table 4, Table 5 and Table 6).

4.2.3 Lifestyle data

Regarding lifestyle characteristics other than diet, 5.4 - 5.5% of individuals were smokers and 36.5 - 36.9%
reported the daily intake of alcoholic beverages (Table 4, Table 5 and Table 6). In the meat group, smokers

were more prevalent (8.0%) in the highest consumption category (every day or 7-10 times/week) (Table 4).
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The same occurred in the dairy group (Table 6), but not in the fish group (Table 5). In this last group, smokers
were more prevalent (14.3%) in the lowest consumption category (rarely or never). In the fish (37.7%) and
dairy (44.4%) groups, daily intake of alcohol was more common in the 1-2 or 1-3 times/week category (Table
5 and Table 6). However, in the meat group daily intake of alcohol was more prevalent (43.0%) in the highest

category of consumption (every day or 7-10 times/week) (Table 4).

Overall, 41.5 - 41.6% of participants reported to be physically active (Table 4, Table 5 and Table 6). Meat and
fish groups presented more physically active participants in the highest category of consumption: 43.1% and
51.5%, respectively, while dairy group had higher prevalence of physically active individuals in the 3-5
times/week category (47.5%). There were significant differences between frequency categories regarding

physical activity in fish and dairy groups (p <0.001) (Table 5 and Table 6).

4.2.4 Dietary intake

Overall, 46.0 - 46.3% of participants consumed 3 meals per day and only 4.0 - 4.2% reported to do 2 meals
per day (Table 4, Table 5 and Table 6).

Regarding frequent vegetables consumption, 67.3 - 67.5% of all participants reported consuming vegetables
every day or 6 times per week (Table 4, Table 5 and Table 6). Frequent vegetable consumption prevalence
was higher among individuals who consumed fish every day or 7-10/week (81.7%) and lower among older
adults who rarely or never consumed fish (41.3%) (Table 5). The same was observed for frequent fresh fruit
consumption (58.7% < 82.8% < 87.3% < 90.8%), showing an increased tendency of fruit and vegetables
consumption with the rising fish frequency consumption (p < 0.001). Similar tendency occurred in the meat

and milk/dairy groups, although in a less expressive way and not in all categories (Table 4 and Table 6).

63.0% of Portuguese older adults reported frequent soup consumption (every day or 6 times/week) (Table
4, Table 5 and Table 6). The prevalence of soup consumption was higher among individuals who consumed
meat 1-3 times/week (67.4%), as for participants who included fish every day or 7-10 times/week (66.7%).
Older adults who reported a 3-5 times/week consumption of dairy were the ones with higher frequent soup

consumption (64.7%) (Table 6).

4.2.5 Anthropometric data

The mean BMI of all older adults was 27.2 = 4.2 kg/m? (Table 4, Table 5 and Table 6). The prevalence of
overweight (BMI > 27 kg/m?) was 47.8% in meat and dairy groups and 48.1% in the fish group. Underweight
(BMI < 22 kg/m?) represented 7.6% in the meat and fish groups and 7.7% in the dairy group. Overweight was
more prevalent in the highest frequency category (every day or 7-10 times/week) of meat (49.6%) and fish

(49.0%) consumption (Table 4 and Table 5). This did not occur in the dairy group (Table 6).
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4.2.6  Physical function

Regarding the ability to perform ADLs without any difficulty, 60.1 - 60.2% of all older adults reported being
able to stand up from a straight chair; 60.8 - 61.1% were able to walk outdoors on flat ground; 53.0 - 53.1%
had the ability to climb up five steps, and 56.4 - 56.7% could reach and get down a 2.5 kg object from above
their head (Table 4, Table 5 and Table 6). Although the prevalence’s of stand up and walk abilities increased
as meat frequency consumption raised, there were no significant differences between categories of

consumption (Table 4).

The mean HAQ final score was 0.730 + 0.722 in older adults when analysing meat frequency consumption (n
= 1706); 0.724 + 0.719 when looking at the fish frequency results (n = 1693) and 0.728 + 0.722 when
observing the dairy consumption alone (n = 1711). The HAQ final score showed a decreasing tendency with
higher meat frequency consumption, excluding the latter category, and results were significantly different
among meat frequency categories (p < 0.001) (Table 4). This was not observed for fish and dairy consumption

(Table 5 and Table 6).
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Meat consumption?

Rarely or

Every day or

all miss 1-3t/w 4-6 t/w
never 7-10 t/w p*
(n=1706) (%) (n =650) (n=561)
(n=82) (n=413)

Sociodemographic data
Age, y (mean + SD) 74.0+7 0.0 75.0+6 75.0+7 74.0+7 73.0+6 <0.001
Female % (n) 53.6 (914) 0.0 65.9 (54)  59.7(388)  52.4(294)  43.1(178) <0.001
Education level2% (n) 0.4 0.364

Primary 88.4 (1503) 92.5(74)  90.2(586)  86.2(482)  87.8(361)

Secondary 5.4 (92) 2.5(2) 4.9 (32) 6.3 (35) 5.6 (23)

Tertiary 6.2 (105) 5.0 (4) 4.9 (32) 7.5 (42) 6.6 (27)
NUTS Il % (n) 0.0 0.001

Norte 32.3 (551) 22.0(18) 26.9(175)  35.8(201)  38.0(157)

Centro 25.3 (432) 29.3(24)  26.3(171)  27.1(152) 20.6 (85)

Lisboa 18.8 (321) 19.5(16)  20.3(132)  19.3 (108) 15.7 (65)

Alentejo 6.1 (104) 4.9 (4) 6.0 (39) 5.3 (30) 7.5 (31)

Algarve 3.5 (60) 6.1 (5) 4.3 (28) 2.1(12) 3.6 (15)

Azores 5.5(93) 4.9 (4) 6.8 (44) 3.0 (17) 6.8 (28)

Madeira 8.5 (145) 13.4 (11) 9.4 (61) 7.3 (41) 7.7 (32)
Health
Multimorbidity % (n) 73.4 (1252) 0.0 68.3 (56)  76.6(498)  70.1(393) 73.8 (305)  0.050
Takes medication % (n) 92.3 (1553) 1.3 85.4 (70) 94.4 (608) 91.7 (506) 91.1 (369) 0.049
Perceived health status

+ + + + +
scale (0-100) (mean + SD) 65+ 19 12.8 66 + 20 64 + 20 67 £ 18 65+ 18 0.035
Lifestyle
Daily and occasional
smokers % (n) 5.5 (93) 0.1 3.7 (3) 4.3 (28) 5.2 (29) 8.0 (33) 0.002
Ba(':]y) intake of alcohol 36.5(622) 0.2  14.6(12) 32.6(212) 39.5(221)  43.0(177) <0.001
(]
Regular physical activi
‘ye(gn“) arphysicalactivity 41 5(708) 00  40.2(33)  42.6(277)  39.2(220) 43.1(178)  0.567
(1]

Dietary intake3
Number of meals % (n) 0.5 0.013

2 meals per day 4.1 (70) 11.1 (9) 3.1(20) 3.8(21) 4.9 (20)

3 meals per day 46.1 (783) 49.4 (40) 45.6 (295) 45.2 (253) 47.6 (195)

4 meals per day 33.7 (572) 23.5(19)  33.1(214)  34.8(195)  35.1(144)

> 5 meals per day 16.1 (273) 16.0 (13) 18.2 (118) 16.3 (91) 12.4 (51)
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Meat consumption?!
Rarely or Every day or
all miss y 1-3 t/w 4-6 t/w y day
never 7-10 t/w p*
(n = 1706) (%) (n = 650) (n=561)
(n =82) (n =413)

Frequent soup
consumption % (n)
Frequent vegetables
consumption % (n)
Frequent fresh fruit
consumption % (n)
Frequent fish
consumption % (n)
Frequent dairy
consumption % (n)

63.0(1075) 0.1  64.6(53)  67.4(438)  62.0(348)  57.3(236) 0.016
67.3(1147) 0.1  61.0(50) 66.0(429) 67.9(381)  69.8(287)  0.026
85.3(1455) 0.1  84.1(69)  84.9(552)  87.0(487)  84.0(347)  0.013
224(379) 09  26.9(21)  19.7(127) 12.0(67)  40.1(164) <0.001
77.2(1316) 0.1  74.4(61)  75.5(489)  79.3(445)  77.7(321)  0.445

Anthropometric data*

BMI, kg/m? (mean £ SD)  27.2+4.2 263+48 27.3+41  27.2+42  273+42 0287
Underweight % (n) 7.6 (115) 13.2 (9) 8.0 (45) 6.6 (33) 7.3 (28)

Normal % (n) 44.6 (678) o 54.4 (37)  43.2(243)  46.1(232)  43.1(166)  0.137
Overweight % (n) 47.8 (726) 32.4(22) 48.8(275) 47.3(238)  49.6(191)

Physical function®

Nodifficultytostandup o6 1 (1004) 01 54.9(45  56.0(364) 623 (349)  64.4(266)  0.088

% (n)

gc’(:)'ff'cu'ty to walk 60.8 (1034) 0.3  56.1(46) 59.3(384)  62.0(346)  62.5(258)  0.240
(1]

g"(:)'ff'cu'ty to climb 53.0(902) 0.2  47.6(39) 49.2(319) 56.4(315)  55.4(229)  0.055
(]

so(gff'c”'ty to reach 56.4 (960) 0.3  48.8(40) 51.2(331)  62.1(347)  58.6(242) <0.001
()

HAQ final score (0-3)  0.730+ 03 0.888 + 0.820 + 0.649 + 0666

(mean + SD) 0.722 : 0.819 0.741 0.688 0.695 :

Notes: SD, standard deviation; p, p-value; y, years; BMI, body mass index; HAQ, Health Assessment Questionnaire; NUTS II,
Nomenclature of Territorial Units for Statistics; t/w, times per week.*How many meals, per week, include meat. 2Education level
coded according to the International Standard Classification of Education (ISCED, 2011): Primary education = ISCED levels 0-2 (<
9 years of education); Secondary education = ISCED levels 3-4 (10-12 years of education); Tertiary education = ISCED levels 5-8
(> 12 years of education). 3For fruit, vegetables, soup and milk/dairy, frequent consumption is equivalent to every day or 6 times
per week consumption; For meat and fish, frequent consumption refers to every day or 7-10 times per week fish consumption.
4BMI categories: underweight (BMI < 22 kg/m?), normal weight (BMI 22 - 27 kg/m?2), overweight (BMI > 27 kg/m?2). 5Results
regarding the activities of daily living refer to the ability to perform the following activities without any difficulty: stand up - stand
up from a straight chair; walk - walk outdoors on flat ground; climb - climb up five steps; reach - reach and get down a 2.5 kg
object from above the head. *To access if there was meat consumption frequency difference between groups, Chi-squared test
was used for categorical variables, ANOVA test for continuous variables and Kruskal-Wallis test for HAQ final score variable
(homogeneity of variances was not observed).
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Fish consumption!

Rarel Every d
all miss arely or 1-3t/w 4-6 t/w VEry @ay of .
(n=1693) (%) never (n = 613) (n = 638) 710 t/w P
= 4 = =
(n=63) (n=379)

Sociodemographic data
Age, y (mean * SD) 74.0 +7 0.0 75.0+7 75.0 +7 74.0 +7 74.0+7 0.015
Female % (n) 53.5 (905) 0.0 57.1(36) 55.0(337) 53.3 (340) 50.7 (192)  0.550
Education level?% (n) 0.4 0.002

Primary 88.4 (1492) 95.2 (60)  91.5 (560) 84.7 (538) 88.6 (334)

Secondary 5.5 (92) 1.6 (1) 3.4 (21) 8.2 (52) 4.8 (18)

Tertiary 6.1 (103) 3.2(2) 5.1(31) 7.1 (45) 6.6 (25)
NUTS Il % (n) 0.0 <0.001

Norte 32.1 (544) 41.3(26)  37.2(228) 28.8 (184) 28.0 (106)

Centro 25.4 (430) 19.0 (12)  21.5(132) 29.5 (188) 25.9 (98)

Lisboa 19.0 (321) 6.3 (4) 14.5 (89) 24.5 (156) 19.0 (72)

Alentejo 6.0 (102) 4.8 (3) 6.7 (41) 4.4 (28) 7.9 (30)

Algarve 3.5 (60) 1.6 (1) 3.3 (20) 2.7 (17) 5.8 (22)

Azores 5.5(93) 7.9 (5) 4.4 (27) 5.0 (32) 7.7 (29)

Madeira 8.4 (143) 19.0 (12) 12.4 (76) 5.2 (33) 5.8 (22)
Health
Multimorbidity % (n) 73.3(1241) 0.0  73.0(46)  73.2(449) 71.5 (456) 76.5 (290)  0.377
Takes medication % (n) 92.3(1541) 1.4  90.3(56)  92.0 (555) 93.2 (589) 91.4 (341) NA
Perceived health status

+ + + + +
scale (0-100) (mean + SD) 65+ 19 126 64+21 63+ 19 67+ 19 65+ 19 0.015
Lifestyle
Daily and occasional
smokers % (1) 5.5 (93) 0.1 14.3 (9) 4.4 (27) 5.5 (35) 5.8 (22) 0.029
Daily intake of alcohol
‘ya('ny) Intake of alcono 36.9(623) 0.2 30.2(19) 37.7(231)  37.4(238)  35.6(135)  0.109
()
;e(gn”)'ar physical activity 1 670s) 0.0  25.4(16) 36.2(222)  42.6(272)  51.5(195) <0.001
(1]

Dietary intake3
Number of meals % (n) 0.5 <0.001

2 meals per day 4.0 (67) 9.7 (6) 5.4 (33) 2.2 (14) 3.7 (14)

3 meals per day 46.3 (780) 59.7 (37)  51.9 (317) 44.0 (279) 38.9 (147)

4 meals per day 33.7 (568) 24.2 (15) 30.3 (185) 35.5 (225) 37.8 (143)

> 5 meals per day 16.0 (270) 6.5 (4) 12.4 (76) 18.3 (116) 19.6 (74)
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Fish consumption?
Rarely or Every day or
all miss y 1-3 t/w 4-6 t/w y day .
(n=1693) (%) never (n = 613) (n = 638) 710 t/w P
= A = =
(n=63) (n=379)

Frequent soup
consumption % (n)
Frequent vegetables
consumption % (n)
Frequent fresh fruit
consumption % (n)
Frequent meat
consumption % (n)
Frequent dairy
consumption % (n)

63.0 (1066) 0.1 57.1 (36) 58.1 (356) 66.1 (422) 66.7 (252) <0.001
67.5 (1141) 0.1 41.3 (26) 58.3 (357) 70.4 (449) 81.7 (309) <0.001
85.4 (1445) 0.1 58.7 (37) 82.8 (507) 87.3 (557) 90.8 (344) <0.001
24.2 (409) 0.1 34.9 (22) 26.5 (162) 9.6 (61) 43.3 (164) <0.001

77.2(1306) 0.1  61.9(39)  74.3 (455) 80.3 (512) 79.4 (300)  0.004

Anthropometric data*

BMI, kg/m? (mean +SD)  27.2+4.2 27.0+55  26.9+4.2 27.4+4.1 27.4+43  0.215
Underweight % (n) 7.6 (114) 18.8 (9) 9.5 (50) 5.2 (30) 7.0 (25)

Normal % (n) 44.4 (669) 109 39.6 (19)  43.6 (230) 45.8 (264)  43.9(156)  0.013
Overweight % (n) 48.1 (725) 41.7 (20)  47.0 (248) 49.0 (283)  49.0 (174)

Physical function®

Nodifficulty tostandup ¢4 5 1018) 01  50.8(32) 60.8(373)  61.9(394)  57.8(219)  0.183

% (n)
gc’(:)'ff'cu'tytowa’k 61.1(1031) 0.4  49.2(31) 60.7(371)  62.8(398)  60.9(231)  0.052
(1]
gig;ff'cu'tymd’mb 53.1(897) 0.2  42.9(27) 52.2(319)  54.7(348)  53.6(203)  0.063
(]
sig;ff'c”'tytore“h 56.7(956) 0.4  55.6(35) 55.2(338)  58.1(368)  56.7(215)  0.409
()
HAQ final score (0-3)  0.724+ 0.907 + 0.733 + 0.767 +

. +0. .
(mean + SD) 0.719 0.3 0.856 0.728 0.672£0.672 0.749 0.153

Notes: SD, standard deviation; p, p-value; y, years; BMI, body mass index; HAQ, Health Assessment Questionnaire; NA, not
applicable; NUTS Il, Nomenclature of Territorial Units for Statistics; t/w, times per week. 'How many meals, per week, include
fish. 2Education level coded according to the International Standard Classification of Education (ISCED, 2011): Primary education
=ISCED levels 0-2 (< 9 years of education); Secondary education = ISCED levels 3-4 (10-12 years of education); Tertiary education
= ISCED levels 5-8 (> 12 years of education). 3For fruit, vegetables, soup and milk/dairy, frequent consumption is equivalent to
every day or 6 times per week consumption; For meat and fish, frequent consumption refers to every day or 7-10 times per week
meat consumption. *BMI categories: underweight (BMI < 22 kg/m?), normal weight (BMI 22 - 27 kg/m?), overweight (BMI > 27
kg/m?2). SResults regarding the activities of daily living refer to the ability to perform the following activities without any difficulty:
stand up - stand up from a straight chair; walk - walk outdoors on flat ground; climb - climb up five steps; reach - reach and get
down a 2.5 kg object from above the head. *To access if there was fish consumption frequency difference between groups, Chi-
squared test was used for categorical variables, ANOVA test for continuous variables and Kruskal-Wallis test for HAQ final score
variable (homogeneity of variances was not observed). The Chi-square results for the variable regarding the use of medication
may be invalid due to insufficient cell count, therefore the results were not considered.
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Dairy consumption?

Rarel Every d
all miss arely or 1-2 t/w 3-5t/w VEry cay o .
(n=1711) (%) oo (n = 90) (n = 139) 6 t/w P
= 4 = =
(n =162) (n =1320)

Sociodemographic data
Age, y (mean % SD) 74.0+7 0.0 75.0+ 6 73.0+t7 74.0t7 74.0+7 0.499
Female % (n) 53.6 (917) 0.0 50.0(81) 53.3 (48) 48.9 (68) 54.5(720)  0.467
Education level?% (n) 0.4 0.072

Primary 88.3 (1506) 93.1(148)  91.1(82) 85.5(118)  87.9 (1158)

Secondary 5.4 (92) 1.3(2) 6.7 (6) 8.7 (12) 5.5 (72)

Tertiary 6.3 (107) 5.7 (9) 2.2(2) 5.8 (8) 6.7 (88)
NUTS Il % (n) 0.0 0.004

Norte 32.3 (552) 38.3 (62) 38.9 (35) 33.1 (46) 31.0 (409)

Centro 25.2 (432) 17.3 (28) 26.7 (24) 20.9 (29) 26.6 (351)

Lisboa 18.9 (324) 17.3 28) 11.1 (10) 20.1 (28) 19.5 (258)

Alentejo 6.1 (105) 4.9 (8) 3.3(3) 5.0 (7) 6.6 (87)

Algarve 3.5 (60) 1.2 (2) 1.1 (1) 4.3 (6) 3.9 (51)

Azores 5.4 (93) 4.9 (8) 7.8 (7) 8.6 (12) 5.0 (66)

Madeira 8.5 (145) 16.0 (26) 11.1 (10) 7.9 (11) 7.4 (98)
Health
Multimorbidity % (n) 73.3(1254) 0.0 77.2(125) 68.9 (62) 79.9 (111) 72.4(956)  0.127
Takes medication % (n) 92.2(1557) 1.3  93.1(148)  89.8(79) 92.1(128)  92.3(1202) NA
Perceived health status

+ + + + +
scale (0-100) (mean + SD) 65+ 19 129  63+20 63+ 22 62+ 17 66 + 19 0.050
Lifestyle
Daily and occasional
smokers % (1) 5.4 (93) 0.1 4.3(7) 5.6 (5) 4.3 (6) 5.7 (75) 0.859
Daily intake of alcohol
‘ya('ny) Intake of alcono 36.5(624) 0.2 37.3(60)  44.4 (40) 40.3 (56) 35.5(468)  0.318
()
;e(gn”)'ar physical activity 1 5.710) 00  333(s4)  26.7(24) 47.5 (66) 42.9 (566)  0.001
(1]

Dietary intake3
Number of meals % (n) 0.5 <0.001

2 meals per day 4.2 (71) 8.1(13) 7.8(7) 5.8 (8) 3.3 (43)

3 meals per day 46.0 (784) 53.8 (86) 60.0 (54) 46.4 (64) 44.1 (580)

4 meals per day 33.6 (573) 28.1 (45) 22.2 (20) 32.6 (45) 35.2 (463)

> 5 meals per day 16.1 (275) 10.0 (16) 10.0 (9) 15.2 (21) 17.4 (229)
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Dairy consumption?!
all miss Rarely or 12 tw 3.5 t/w Every day or
(n=1711) (%) oo (n = 90) (n = 139) 61/w P
(n =162) (n = 1320)
E;iiﬁz‘;;gs‘; ") 63.0(1078) 0.1 63.0(102) 56.7 (51) 64.7 (90) 63.3(835) 0.371
Egiiﬂ:;t‘i’jf‘;a(:')es 67.3(1051) 0.1  56.8(92)  55.6(50) 64.7(90)  69.7(919)  0.001
E;i‘iﬂ:‘;tf;ist:(rg;t 85.3(1458) 0.1 74.1(120)  75.6 (68) 84.2(117)  87.4(1153)  NA
z;i‘iﬂz‘st:zia; ") 24.2 (413) 0.4  27.5(44)  16.9(15) 23.7 (33) 24.4(321)  0.445
E;i‘iﬂfn”;tfs: % () 224(378) 1.2 195(31)  15.9(14) 23.9 (33) 23.0(300)  0.004
Anthropometric data*
BMI, kg/m? (mean £ SD)  27.2+4.2 269+40 27.1+43  281+53  27.1+41  0.073
Underweight % (n) 7.7 (117) 8.3 (11) 8.1(6) 6.2 (8) 7.8(92)
Normal % (n) 44.5 (678) o 429(57)  47.3(35) 41.9(54)  44.8(532)  0.954
Overweight % (n) 47.8 (728) 48.9(65)  44.6(33) 51.9(67)  47.4(563)
Physical function®
;"(:)ifﬁw'ty tostandup  ¢45(1028) 01  54.9(89)  56.7 (51) 65.5 (91) 60.5(797)  0.014
;"(:)ifﬁcu'ty to walk 60.9(1038) 0.4  57.8(93)  54.4 (49) 60.9 (84) 61.7 (812)  0.135
;"(:)ifﬁcu'ty to climb 53.0(905) 0.2  50.9(82)  42.2(38) 55.1(76)  53.8(709)  0.198
(',\/Lc’(:;fﬁc”'ty to reach 56.5(963) 0.4  55.6(90)  53.3 (48) 58.4 (80) 56.6 (745)  0.083
Rl R T

Notes: SD, standard deviation; p, p-value; y, years; BMI, body mass index; HAQ, Health Assessment Questionnaire; NA, not
applicable; NUTS Il, Nomenclature of Territorial Units for Statistics; t/w, times per week. 'How many meals, per week, include
dairy products. 2Education level coded according to the International Standard Classification of Education (ISCED, 2011): Primary
education = ISCED levels 0-2 (< 9 years of education); Secondary education = ISCED levels 3-4 (10-12 years of education); Tertiary
education = ISCED levels 5-8 (> 12 years of education). 3For fruit, vegetables, soup and milk/dairy, frequent consumption is
equivalent to every day or 6 times per week consumption; For meat and fish, frequent consumption refers to every day or 7-10
times per week consumption. 4BMI categories: underweight (BMI < 22 kg/m?), normal weight (BMI 22 - 27 kg/m?), overweight
(BMI > 27 kg/m?2). 3Results regarding the activities of daily living refer to the ability to perform the following activities without
any difficulty: stand up - stand up from a straight chair; walk - walk outdoors on flat ground; climb - climb up five steps; reach -
reach and get down a 2.5 kg object from above the head. *To access if there was milk consumption frequency difference between
groups, Chi-squared test was used for categorical variables and ANOVA test for continuous variables. The Chi-square results for
the variables regarding the use of medication and frequent fresh fruit consumption may be invalid due to insufficient cell count,
therefore the results were not considered.
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4.3 High-protein foods consumption and functional limitations

Table 7 show the binary logistic regression models used to examine the association between the prevalence
of functional limitation to stand up from a straight chair in relation to high-protein foods, with the lowest

consumption frequency as a reference.

In the unadjusted model, the odds of having functional limitation to stand up was similar between
participants who eat meat every day compared to the ones who rarely or never eat meat (OR 0.90; 95% Cl:
0.49-1.65) (Table 7). Same results were observed on the adjusted models and for other meat consumption
frequencies. Regarding fish consumption, the odds of having functional limitations to stand up did not differ
between eating fish every day and eating fish rarely or never, in all models (e.g. health model - OR 1.27; 95%
Cl: 0.56-2.88) (Table 7). For dairy, results were similar to meat and fish consumption. However, there was an
exception for consuming dairy 3-5 t/w compared to rarely or never: the odds of having functional limitation

to stand up were 0.52 times lower in the health model (OR 0.52; 95% Cl: 0.28-0.94) (Table 7).

Table 7. Association between functional limitation to stand up and high-protein foods consumption.

Stand up

Meat consumption, OR (95% Cl)

Rarely or never 1-3t/wor1-2t/w  4-6t/wor3-5t/w Every day or 7-10 t/w
or 6 t/w

n 51 493 445 340
Unadjusted model 1.00 (ref) 1.21 (0.66, 2.21) 0.95 (0.52, 1.75) 0.90 (0.49, 1.65)
Socioeconomic model 1.00 (ref) 1.30(0.70, 2.42) 1.06 (0.57, 2.00) 1.10 (0.60, 2.10)
Lifestyle model 1.00 (ref) 1.33(0.70, 2.53) 1.05 (0.55, 2.03) 1.12 (0.58, 2.16)
Health model 1.00 (ref) 1.13 (0.56, 2.27) 0.96 (0.47, 1.96) 0.93 (0.46, 1.91)

Fish consumption, OR (95% Cl)
n 35 444 514 336
Unadjusted model 1.00 (ref) 0.89 (0.43, 1.82) 0.81 (0.39, 1.66) 1.12 (0.54, 2.30)
Socioeconomic model 1.00 (ref) 0.88 (0.42, 1.84) 0.87 (0.41, 1.83) 1.16 (0.55, 2.43)
Lifestyle model 1.00 (ref) 1.02 (0.47, 2.21) 1.02 (0.46, 2.22) 1.40 (0.64, 3.06)
Health model 1.00 (ref) 0.94 (0.42, 2.13) 0.94 (0.42, 2.15) 1.27 (0.56, 2.88)

Dairy consumption, OR (95% Cl)
n 108 64 118 1039
Unadjusted model 1.00 (ref) 0.83 (0.44, 1.56) 0.61 (0.36, 1.05) 0.76 (0.51, 1.13)
Socioeconomic model 1.00 (ref) 0.83 (0.43, 1.60) 0.62 (0.35, 1.08) 0.74 (0.49, 1.13)
Lifestyle model 1.00 (ref) 0.78 (0.40, 1.53) 0.58 (0.32, 1.02) 0.73 (0.48, 1.12)
Health model 1.00 (ref) 0.73 (0.35, 1.49) 0.52 (0.28, 0.94) 0.76 (0.48, 1.20)

Notes: n = 1329; OR, Odds Ratio; Cl, Confidence Interval; t/w, times per week; ref, reference category. Binary logistic
regression was the statistic model used. Reference category of the outcome variable was not having functional
limitations in standing up. The first model was not adjusted for any covariate; socioeconomic model was adjusted for
age, sex, geographical location (NUTS Il) and education level; lifestyle model was adjusted as for socioeconomic model,
plus variables of BMI, smoking status, alcohol intake, physical activity and vegetables consumption; Health model was
further adjusted for self-rated health (perceived health status scale), multimorbidity and pharmacological treatment.
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Table 8 present the binary logistic regression models used to assess the association between the prevalence
of functional limitation to walk outdoors on flat ground in relation to high-protein foods, with the lowest

consumption frequency as a reference.

The models did not show association between functional limitation to walk and high-protein foods
consumption in Portuguese older adults (Table 8). For example, the odds of having functional limitations to

walk did not vary between participants who reported to eat meat every day and the ones who reported to
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rarely or never eat meat (e.g. health model - OR 1.27; 95% Cl: 0.59-2.72).

Table 8. Association between functional limitation to walk and high-protein foods consumption.

Walk

Meat consumption, OR (95% Cl)

Rarely or never 1-3t/worl-2t/w  4-6t/wor 3-5t/w Every day or 7-10 t/w
or 6 t/w

n 51 491 445 340
Unadjusted model 1.00 (ref) 1.07 (0.58, 1.97) 1.00 (0.54, 1.85) 1.07 (0.58, 1.99)
Socioeconomic model 1.00 (ref) 1.15(0.61, 2.17) 1.17 (0.62, 2.24) 1.40 (0.73, 2.69)
Lifestyle model 1.00 (ref) 1.19 (0.60, 2.37) 1.13 (0.56, 2.27) 1.46 (0.72, 2.95)
Health model 1.00 (ref) 1.00 (0.47, 2.12) 1.05 (0.49, 2.24) 1.27 (0.59, 2.72)

Fish consumption, OR (95% Cl)
n 35 443 513 336
Unadjusted model 1.00 (ref) 0.90 (0.44, 1.84) 0.83(0.40, 1.72) 0.91 (0.44, 1.88)
Socioeconomic model 1.00 (ref) 0.89 (0,43, 1.85) 0.94 (0.45, 1.98) 0.93 (0.44, 1.96)
Lifestyle model 1.00 (ref) 0.99 (0.45, 2.20) 1.08 (0.48, 2.43) 1.14 (0.51, 2.57)
Health model 1.00 (ref) 0.96 (0.42, 2.21) 1.05 (0.45, 2.45) 1.06 (0.45, 2.46)

Dairy consumption, OR (95% Cl)
n 108 64 117 1038
Unadjusted model 1.00 (ref) 0.82 (0.43, 1.56) 0.95 (0.55, 1.62) 0.79 (0.53, 1.19)
Socioeconomic model 1.00 (ref) 0.83(0.42, 1.62) 1.00 (0.57, 1.76) 0.79 (0.52, 1.21)
Lifestyle model 1.00 (ref) 0.76 (0.37, 1.54) 1.02 (0.56, 1.85) 0.81(0.51, 1.27)
Health model 1.00 (ref) 0.74 (0.35, 1.59) 0.94 (0.51, 1.75) 0.85 (0.52, 1.38)

Notes: n = 1327; OR, Odds Ratio; Cl, Confidence Interval; t/w, times per week; ref, reference category. Consumption
frequencies of meat and fish: rarely or never; 1-3 t/w; 4-6 t/w; every day or 7-10 t/w. Consumption frequencies of dairy:
rarely or never; 1-2 t/w; 3-5 t/w; every day or 6 t/w. Binary logistic regression was the statistic model used. Reference
category of the outcome variable was not having functional limitations in walking. The first model was not adjusted for
any covariate; socioeconomic model was adjusted for age, sex, geographical location (NUTS II) and education level;
lifestyle model was adjusted as for socioeconomic model, plus variables of BMI, smoking status, alcohol intake, physical
activity and vegetables consumption; Health model was further adjusted for self-rated health (perceived health status
scale), multimorbidity and pharmacological treatment.
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In Table 9 are showed the binary logistic regression models used to assess the association between the
prevalence of functional limitation to climb up five steps in relation to high-protein foods consumption, with

the lowest frequency as a reference.

No association was found between functional limitation to climb and high-protein foods consumption. As an
example, the odds of having functional limitation to climb was similar between participants who eat fish
every day compared to rarely or never eating fish (e.g. health model - OR 1.14; 95% Cl: 0.50-2.60) (Table 9).

Same results were found for the other high-protein foods consumption in all models.

Table 9. Association between functional limitation to climb and high-protein foods consumption.

Climb
Meat consumption, OR (95% Cl)
Rarely or never 1-3t/worl-2t/w  4-6t/wor 3-5t/w Every day or 7-10 t/w
or 6 t/w
n 51 492 446 340
Unadjusted model 1.00 (ref) 1.06 (0.59, 1.90) 0.80 (0.44, 1.45) 0.84 (0.46, 1.53)
Socioeconomic model 1.00 (ref) 1.14 (0.62, 2.10) 0.92 (0.49, 1.71) 1.06 (0.57, 1.99)
Lifestyle model 1.00 (ref) 1.20(0.63, 2.29) 0.90 (0.47, 1.75) 1.12 (0.58, 2.18)
Health model 1.00 (ref) 0.98 (0.48, 1.99) 0.79 (0.39, 1.62) 0.92 (0.44, 1.89)
Fish consumption, OR (95% Cl)
n 35 443 515 336
Unadjusted model 1.00 (ref) 1.00 (0.50, 2.03) 0.90 (0.44, 1.83) 0.97 (0.48, 1.96)
Socioeconomic model 1.00 (ref) 1.04 (0.50, 2.14) 1.09 (0.52, 2.26) 1.04 (0.50, 2.16)
Lifestyle model 1.00 (ref) 1.15(0.53, 2.51) 1.25(0.57, 2.74) 1.23 (0.56, 2.71)
Health model 1.00 (ref) 1.12 (0.50, 2.53) 1.23 (0.54, 2.80) 1.14 (0.50, 2.60)
Dairy consumption, OR (95% Cl)
n 108 64 117 1040
Unadjusted model 1.00 (ref) 1.10(0.59, 2.05) 0.93 (0.55, 1.57) 0.86 (0.58, 1.28)
Socioeconomic model 1.00 (ref) 1.15 (0.59, 2.21) 1.01 (0.58, 1.75) 0.89 (0.58, 1.35)
Lifestyle model 1.00 (ref) 1.09 (0.55, 2.16) 0.98 (0.55, 1.74) 0.89 (0.57, 1.37)
Health model 1.00 (ref) 1.09 (0.53, 2.27) 0.88 (0.48, 1.62) 0.94 (0.59, 1.50)

Notes: n = 1329; OR, Odds Ratio; Cl, Confidence Interval; t/w, times per week; ref, reference category. Consumption
frequencies of meat and fish: rarely or never; 1-3 t/w; 4-6 t/w; every day or 7-10 t/w. Consumption frequencies of dairy:
rarely or never; 1-2 t/w; 3-5 t/w; every day or 6 t/w. Binary logistic regression was the statistic model used. Reference
category of the outcome variable was not having functional limitations in climbing. The first model was not adjusted for
any covariate; socioeconomic model was adjusted for age, sex, geographical location (NUTS II) and education level;
lifestyle model was adjusted as for socioeconomic model, plus variables of BMI, smoking status, alcohol intake, physical
activity and vegetables consumption; Health model was further adjusted for self-rated health (perceived health status
scale), multimorbidity and pharmacological treatment.
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Table 10 show the binary logistic regression models used to assess the association between the prevalence
of functional limitation to reach and get down a 2.5 kg object from above the head in relation to high-protein

foods consumption, with lowest frequency as a reference.

No difference was detected between the odds of having functional limitations to reach in participants who
reported to eat dairy every day and participants who rarely or never eat dairy (e.g. health model - OR 0.97;

95% Cl: 0.61-1.53) (Table 10). The same applied to other high-protein foods consumption and respective

frequencies in all of the tested models.

Table 10. Association between functional limitation to reach and high-protein foods consumption.

Reach
Meat consumption, OR (95% Cl)
Rarely or never 1-3t/wor1-2t/w  4-6t/wor 3-5t/w Every day or 7-10 t/w
or 6 t/w
n 51 490 445 340
Unadjusted model 1.00 (ref) 1.06 (0.59, 1.90) 0.67 (0.37, 1.21) 0.81 (0.45, 1.48)
Socioeconomic model 1.00 (ref) 1.22 (0.66, 2.27) 0.81 (0.43, 1.53) 1.19 (0.63, 2.23)
Lifestyle model 1.00 (ref) 1.33(0.71, 2.51) 0.87 (0.45, 1.66) 1.35(0.70, 2.59)
Health model 1.00 (ref) 1.08 (0.54, 2.14) 0.74 (0.37, 1.50) 1.12 (0.55, 2.26)
Fish consumption, OR (95% Cl)
n 35 443 512 336
Unadjusted model 1.00 (ref) 1.31(0.63, 2.70) 1.12 (0.54, 2.33) 1.30(0.63, 2.69)
Socioeconomic model 1.00 (ref) 1.32(0.62, 2.80) 1.28 (0.60, 2.73) 1.32 (0.62, 2.82)
Lifestyle model 1.00 (ref) 1.39 (0.64, 3.04) 1.43 (0.65, 3.17) 1.57 (0.71, 3.47)
Health model 1.00 (ref) 1.36 (0.60, 3.08) 1.42 (0.62, 3.24) 1.47 (0.65, 3.36)
Dairy consumption, OR (95% Cl)
n 108 64 116 1038
Unadjusted model 1.00 (ref) 0.76 (0.40, 1.44) 0.89 (0.52, 1.52) 0.93 (0.62, 1.39)
Socioeconomic model 1.00 (ref) 0.72 (0.36, 1.43) 0.91 (0.51, 1.60) 0.89 (0.58, 1.36)
Lifestyle model 1.00 (ref) 0.69 (0.34, 1.38) 0.95 (0.53, 1.69) 0.92 (0.59, 1.42)
Health model 1.00 (ref) 0.66 (0.31, 1.37) 0.89 (0.49, 1.62) 0.97 (0.61, 1.53)

Notes: n = 1326; OR, Odds Ratio; Cl, Confidence Interval; t/w, times per week; ref, reference category. Consumption
frequencies of meat and fish: rarely or never; 1-3 t/w; 4-6 t/w; every day or 7-10 t/w. Consumption frequencies of dairy:
rarely or never; 1-2 t/w; 3-5 t/w; every day or 6 t/w. Binary logistic regression was the statistic model used. Reference
category of the outcome variable was not having functional limitations in reaching. The first model was not adjusted for
any covariate; socioeconomic model was adjusted for age, sex, geographical location (NUTS II) and education level;
lifestyle model was adjusted as for socioeconomic model, plus variables of BMI, smoking status, alcohol intake, physical
activity and vegetables consumption; Health model was further adjusted for self-rated health (perceived health status
scale), multimorbidity and pharmacological treatment.

Table 11 present the binary logistic regression models used to assess the association between the prevalence

of overall functional limitation, defined by a HAQ final score > 0, and high-protein foods consumption.
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The odds of having overall functional limitation was similar between participants who eat meat every day
and to the ones who rarely or never eat meat (e.g. health model - OR 0.75; 95% Cl: 0.32-1.78) (Table 11).
Same results were detected for the other meat consumption frequencies compared to the lowest one.
Similarly, for fish consumption, the odds of having overall functional limitation did not vary between eating
fish every day and eating fish rarely or never, in all models (e.g. health model - OR 0.79; 95% Cl: 0.28-2.25)
(Table 11). Concerning milk and dairy, the results were similar to the meat and fish consumption.
Nevertheless, there was an exception for consuming dairy 1-2 t/w compared to rarely or never: the odds of
having overall functional limitation were 0.41 times lower in the health model (OR 0.41; 95% Cl: 0.18-0.91)
(Table 11).

Table 11. Association between overall functional limitation and high-protein foods consumption.

HAQ final score > 0
Meat consumption, OR (95% Cl)
Rarely or never 1-3t/wor1-2t/w  4-6t/wor3-5t/w Every day or 7-10 t/w
or 6 t/w
n 51 491 445 340
Unadjusted model 1.00 (ref) 0.94 (0.45, 1.95) 0.63 (0.30, 1.31) 0.75 (0.36, 1.59)
Socioeconomic model 1.00 (ref) 1.09 (0.51, 2.33) 0.79 (0.37,1.71) 1.11 (0.51, 2.42)
Lifestyle model 1.00 (ref) 1.07 (0.49, 2.34) 0.76 (0.34, 1.66) 1.10 (0.50, 2.46)
Health model 1.00 (ref) 0.73 (0.32,1.71) 0.56 (0.24, 1.31) 0.75(0.32, 1.78)
Fish consumption, OR (95% Cl)
n 35 443 513 336
Unadjusted model 1.00 (ref) 0.64 (0.26, 1.61) 0.69 (0.27, 1.74) 0.76 (0.30, 1.93)
Socioeconomic model 1.00 (ref) 0.66 (0.26, 1.70) 0.81 (0.31, 2.10) 0.81(0.31, 2.11)
Lifestyle model 1.00 (ref) 0.68 (0.26, 1.83) 0.82 (0.30, 2.22) 0.85 (0.31, 2.30)
Health model 1.00 (ref) 0.63 (0.22, 1.76) 0.79 (0.28, 2.26) 0.79 (0.28, 2.25)
Dairy consumption, OR (95% Cl)
n 108 64 116 1039
Unadjusted model 1.00 (ref) 0.52 (0.26, 1.04) 1.18 (0.62, 2.26) 0.94 (0.58, 1.51)
Socioeconomic model 1.00 (ref) 0.53 (0.25, 1.09) 1.26 (0.64, 2.49) 0.94 (0.57, 1.56)
Lifestyle model 1.00 (ref) 0.48 (0.23, 1.03) 1.20 (0.60, 2.40) 0.92 (0.55, 1.55)
Health model 1.00 (ref) 0.41 (0.18, 0.91) 0.99 (0.48, 2.07) 0.93 (0.53, 1.61)

Notes: n = 1327; OR, Odds Ratio; Cl, Confidence Interval; t/w, times per week; ref, reference category. Consumption
frequencies of meat and fish: rarely or never; 1-3 t/w; 4-6 t/w; every day or 7-10 t/w. Consumption frequencies of dairy:
rarely or never; 1-2 t/w; 3-5 t/w; every day or 6 t/w. Binary logistic regression was the statistic model used. Reference
category of the outcome variable was not having functional limitations (HAQ final score = 0). The first model was not
adjusted for any covariate; socioeconomic model was adjusted for age, sex, geographical location (NUTS Il) and
education level; lifestyle model was adjusted as for socioeconomic model, plus variables of BMI, smoking status, alcohol
intake, physical activity and vegetables consumption; Health model was further adjusted for self-rated health (perceived
health status scale), multimorbidity and pharmacological treatment.
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In summary, there was no association between high-protein foods consumption (meat, fish and dairy) and
functional limitation outcomes (Table 7, Table 8, Table 9, Table 10 and Table 11). The absence of association
was clear in the unadjusted models and also in the more complex models (socioeconomic, lifestyle and health
models), adjusted for potential confounders. Adjustment for regular physical activity in the lifestyle model

did not modify the findings.

shows the detailed results of the binary logistic regression of the health model, used to assess the association
between the prevalence of overall functional limitation, defined by a HAQ score > 0, and high-protein foods

consumption.

Although there was not found an association between high-protein foods and functional limitations
outcomes, variables like age, sex, BMI, multimorbidity, use of medication and self-perceived health status
were significant associated (p < 0.05) with overall functional limitation (HAQ final score > 0) (Table 12), as
previously reported in scientific literature (21, 114-122). The prevalence of functional limitations was
associated with age: each additional year was associated with 1.07 (95% Cl, 1.04-1.10) times the odds of
having functional limitations. Being a woman (OR 1.84; 95% Cl 1.28-2.65) and having a higher BMI were also
associated with functional limitation. Each unit increase in the BMI scale increased in 1.08 (1.03-1.12) the
odds of having functional limitation. Perceived health status (OR 0.96; 95% Cl 0.96-0.97), absence of
multimorbidity (OR 0.67; 95% ClI 0.49—-0.92) and no use of medication (OR 0.43; 95% Cl 0.26—0.69) were

inversely associated with functional limitation prevalence.

Table 12. Association between functional limitation prevalence and high-protein foods consumption (detailed

health model of the binary logistic regression).

p OR 95% Cl for OR

Meat consumption Rarely or never 0.265

1-3 t/w 0.474 0.73 (0.32,1.71)

4-6 t/w 0.180 0.56 (0.24, 1.31)

Everydayor 7-10t/w 514 0.75 (0.32,1.78)
Fish consumption Rarely or never 0.463

1-3 t/w 0.373 0.63 (0.22, 1.76)

4-6 t/w 0.664  0.79 (0.28, 2.26)

Everydayor 7-10t/w g gg57 0.79 (0.28, 2.25)
Dairy consumption Rarely or never 0.074

1-2t/w 0029  0.41 (0.18,0.91)

3-5t/w 0.985 0.99 (0.48, 2.07)

Every day or 6 t/w 0.790 0.93 (0.53,1.61)
Age 0.000  1.07 (1.04,1.10)
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Sex Female 0.001 1.84 (1.28, 2.65)
NUTS I Norte 0.833

Centro 0.240 1.27 (0.85, 1.89)

Lisboa 0.961 1.01 (0.68, 1.50)

Alentejo 0.423 1.33 (0.66, 2.67)

Algarve 0.864 0.93 (0.41, 2.11)

Azores 0.353 1.38 (0.70, 2.71)

Madeira 0.981 1.01 (0.54, 1.88)
Education level Primary education 0.251

Secondary education (299 0.75 (0.44, 1.28)

Tertiary education 0.158 0.69 (0.41, 1.16)
BMI 0.000  1.08 (1.03, 1.12)
Smoking status Never smoked 0.874

Smoked in the past 0.657 0.92 (0.64, 1.32)

Smokes daily or

occasionally 0.909 1.04 (0.6, 1.90)
Alcohol intake Never consumed 0.142

Daily intake 0.062 0.71 (0.50, 1.02)

Occasional intake 0.766 0.94 (0.62, 1.42)
Regular physical activity 0.076 0.76 (0.57, 1.03)
Vegetables consumption  Rarely or never 0.300

1-2t/w 0585 138 (0.44, 4.34)

3-5t/w 0538  0.72 (0.26, 2.02)

Every day or 6 t/w 0.774 0.86 (0.32, 2.34)
Perceived health status scale 0.000 0.96 (0.96, 0.97)
Absence of multimorbidity 0.013 0.67 (0.49, 0.92)
Takes no medication 0.001 0.43 (0.26, 0.69)
Constant 0.200  0.14

Notes: n = 1327; OR, Odds Ratio; Cl, Confidence Interval; p, p-value; BMI, body mass index; t/w,
times per week; reference categories are in italic. Binary logistic regression was the statistic model
used. Functional limitation was considered when HAQ final score > 0. Reference category of the
outcome variable was not having functional limitations (HAQ final score = 0). The health model was
adjusted for age, sex, geographical location (NUTS Il), education level, BMI, smoking status, alcohol
intake, physical activity, vegetables consumption, self-rated health (perceived health status scale),
multimorbidity and pharmacological treatment.

All the models were also tested using the highest consumption category (“Every day or 6 times/week” or the
“Every day or 7-10 times/week”) as a reference, but no association was established between high-protein

food consumption and functional limitations.

51



MEDICAL
SCHOOL
FACULDADE
DE CIENCIAS
MEDICAS

SO, UNIVERSIDADE

) NOVA

DE LISBOA

Alinear regression was also conducted using the HAQ final score as a continuous outcome variable, but again

no association was found between high-protein food consumption and functional limitations (Table 13).

Table 13. Association between functional limitation prevalence and high-protein foods consumption (detailed

health model of the linear regression).

Unstandardized

Standardized

Coefficients Coefficients t p 95% Cl for B
B SE B
Rarely or never 0.05  0.07 0.01 0.62 0537  (-0.99,0.19)
Meat 13 t/w*
consumption 4-6 t/w -0.07 0.04 -0.04 1.76 0.079 (-0.14, 0.01)
Everydayor7-10t/w g 0.04 -0.04 -1.83 0.068 (-0.16, 0.01)
Rarely or never 0.04  0.09 0.01 045  0.654  (-0.13,0.21)
Fish 1-3t/w -0.06  0.04 -0.04 156 0119 (-0.13,0.02)
consumption 4-6 t/w*
Everydayor7-10t/w 003  0.04 0.04 181  o0o071  (-0.01,0.16)
Rarely or never 002  0.05 0.01 032 0752  (-0.09,0.12)
Dairy 1-2t/w 0.06  0.07 0.02 089 0371  (-0.07,0.20)
consumption 3-5t/w -0.07 0.06 -0.03 -1.30 0.194 (-0.18, 0.04)
Every day or 6 t/w*
Age 0.02  0.00 0.16 734 0000  (0.01,0.02)
Sex Female 0.23 0.04 0.15 5.33 0.000 (0.14,0.31)
Norte*
Centro -0.09  0.04 -0.05 -1.99  0.047  (-0.17,-0.00)
Lisboa -0.09  0.05 -0.05 195 0051  (-0.18,0.00)
NUTS I Alentejo -0.00  0.06 -0.00 -0.03 0975  (-0.13,0.12)
Algarve -0.09  0.08 -0.02 -1.08 0282  (-0.24,0.07)
Azores 0.00  0.06 0.00 0.02 0984  (-0.12,0.12)
Madeira -0.08  0.06 -0.03 142 0156  (-0.19,0.03)
Primary education*
Education level Secondary education -0.11 0.07 -0.03 -1.57 0.116 (-0.25, 0.03)
Tertiary education 012 0.07 -0.04 -1.79 0.074 (-0.25, 0.01)
BMI 0.01  0.00 0.06 297 0003  (0.00,0.02)
Never smoked*
Smoked in the past -0.05, 0.13
Smoking status P 0.04  0.05 0.02 0.82 0415  (-0.05,0.13)
Smokes daily or (:0.20, 0.11)
occasionally -0.05  0.08 -0.01 -0.58  0.561 20, 0.
Never consumed*
Alcohol intake  Daily intake 0.16  0.04 -0.10 395 0000 (-0.24,-0.08)
Occasional intake -0.08 0.04 -0.04 -1.90 0.057 (-0.16, 0.00)
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Unstandardized Standardized
Coefficients Coefficients t p 95% Cl for B
B SE B
Regular physical activity -0.19 0.03 -0.13 5,78 0.000 (-0.25, -0.13)
Rarely or never 0.18  0.09 0.05 213 0033 (002035
Vegetables 1-2t/w 014 0.6 0.05 241 0016  (0.03,0.25)
consumption 3-5t/w 0.01 0.04 0.01 0.32 0.752 (-0.06, 0.09)
Every day or 6 t/w*
Perceived health status scale -0.02 0.00 -0.39 -18.08 0000 (-0.02,-0.01)
Absence of multimorbidity 0.17 0.04 0.10 4.55 0.000 (0.10, 0.24)
Takes no medication 0.11 0.06 0.04 1.89 0.059 (-0.00, 0.23)
Constant -0.01  0.25 -0.05  0.957  (-0.50,0.48)

Notes: n = 1731-2393; B, unstandardized coefficient; B, Beta estimate (standardized coefficient); SE, Standard Error; t, t-
value; p, p-value; Cl, Confidence Interval; BMI, body mass index; t/w, times per week. Linear regression was the statistic
model used. The outcome was analysed as a continuous variable (HAQ final score). The health model was adjusted for age,
sex, geographical location (NUTS ll), education level, BMI, smoking status, alcohol intake, physical activity, vegetables
consumption, self-rated health (perceived health status scale), multimorbidity and pharmacological treatment. *These
variables were excluded from the model due to impossible tolerances.
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5. DISCUSSION

This study determined the prevalence of functional limitations among community-dwelling Portuguese older
adults and analysed the association between high-protein foods and functional limitation outcomes, using

data from a national cohort representative sample of the Portuguese population.

5.1 Prevalence of functional limitations

Overall functional limitations’ prevalence among community-dwelling Portuguese older adults (n = 2236) was
81.0%. The prevalence increased with age, with the highest level in the + 85 years group (93.1%). Participants
between 65 to 75 years old had a 76.9% prevalence of functional limitations, lower than the ones aged 76-
85 (86.8%). Women presented a higher functional limitations’ prevalence (87.1%) when compared to men
(70.0%). When stratified by educational level, low educational attainment level was related to a higher

prevalence (82.6%) of functional limitations.

Regarding the ability to perform ADLs without any difficulty, 60.1 - 60.2% reported being able to stand up
from a straight chair; 60.8 - 61.1% were able to walk outdoors on flat ground; 53.0 - 53.1% had the ability to

climb up five steps, and 56.4 - 56.7% could reach and get down a 2.5 kg object from above their head.

Despite methodological differences, these results seem to be in line with previously national and

international published results.

According to the 2011 Census, about 19% of the resident population in Portugal were older adults of which
50% had great difficulty or were unable to perform at least one of the six ADLs (seeing, listening, walking,
memory/concentration, bathing/dressing, understanding others/making themselves understood) (19). The
proportion of the population with difficulty in carrying out at least one ADL increased with age. In older adults
aged 65-69 years, the incidence rate of at least one functional disability was 30% (19). For the 75-79 age
group, the proportion of people unable or that find very difficult to carry out at least one activity is over 50%
(19). The proportion of women who are unable or find it very difficult to carry out at least one of the day-to-
day activities is higher than the proportion of men, in all age groups. On average, the proportion of women
with at least one limitation was 10% above men. Only 4.4% of the older population (88 269) had great
difficulty or could not perform any of the six activities. Of the people aged 65 and over who had at least one

difficulty, 70% could not or did have much difficulty walking or climbing stairs (19).

SHARE (Survey of Health, Ageing and Retirement in Europe) and sibling studies like HRS (Health and
Retirement Study; USA) and ELSA (English Longitudinal Study of Ageing; England) comprise measures of
disability which include questions regarding functional limitations, ADLs and IADLs (123). Respondents in HRS

(51+ years; n = 18469) reported considerably more difficulty with climbing stairs (18.8%), getting up from a
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chair (39.7%), walking (14.8%) and extending arms above shoulders (15.8%) compared to SHARE (50+ years;
n = 32442) and ELSA participants (50+ years; n = 9718) (123). SHARE participants had the lowest prevalence
of functional limitations: 11.8% reported difficulty in walking 100 meters, 17.3% had difficulty getting up from
a chair, 10.7% climbed one flight of stairs with difficulty and 9.7% reported to have difficulty extending arms
above shoulders (123). Additionally, the highest level of disability (one or more functional limitation, %) was

found in participants of HRS (69.3%), compared to ELSA (55.8%) and SHARE participants (51.6%) (123).

Data for individuals aged 65 and older from the HRS (n = 10905), ELSA (n = 5437), and SHARE (n = 13408)
revealed that difficulty in dressing and bathing had the highest prevalence and eating the lowest, overall
(12.7% and 11.9% vs. 3.9%, respectively) and in each survey (124). Overall difficulty in walking was 6.6% and
varied between surveys (HRS: 10.9%; ELSA: 4.7%; SHARE: 3.8%) (124).

In a study conducted with Portuguese (n = 2080), Italian (n = 3583) and Spanish (n = 3570) data from SHARE
of 2011 (n = 9233), 78.8% of participants (50+ years) were considered to be non-limited and 21.2% were
limited (moderately and severely limited) (125). Regarding Portuguese data, 75.5% did not have functional
limitation, compared to 13.7% who were moderately limited and 10.9% severely limited (125). Additionally,
women were 2.3% more likely to experience severe functional limitation than men, and overcame a 10%
probability threshold of suffering from severe limitation around 5 years earlier (125). Having a university
degree reduced the probability of severe functional limitation by 3.5% as compared to none educational
level. Differences were wider for the oldest old: women aged 65-79 years old were 3.3% more likely to suffer

severe limitations, the excess risk increasing to 15.5% among those older than 80 (125).

In the second wave of the European health interview survey, conducted between 2013 and 2015, individuals
aged 15 and over were evaluated about their health state, which among others, referred to the main physical
and sensory functional limitations (for example, related to vision, hearing or walking). Specifically, older
adults (aged 65 and over) were asked whether they had difficulty in doing certain types of activities, the latter
grouped into personal care activities (for example, getting in and out of a bed or a chair) or household
activities (for example, preparing meals or doing housework). More than two thirds of participants aged 65
or over reported physical and sensory functional limitations (126). This study concluded that age is another
important factor that may explain differences in functioning. In the oldest age group, at EU-28 level, around
two thirds of people aged 65 and over reported such type of limitations, a share that was at 69.2% in Portugal
(126). In relation to personal care activities, on average, about 24% of the European population aged 65 and
over reported (moderate or severe) limitations, with Portuguese older adults situating at approximately
21.5%. Within the older population, limitations with respect to personal care or household activities were
more prevalent among women and among older adults with low educational attainment (the share of people

reporting limitations in personal care activities was higher for those with at most lower secondary education,
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as compared to those having completed upper secondary education or post-secondary non-tertiary

education or higher) (126).

The functional autonomy of the Portuguese population with 65 years and over was assessed between 1985
and 2005, using data from four National Health Surveys undertaken in Portugal (1987, 1995, 1998, 2005).
The study found a decreasing tendency in the proportion of individuals with at least one disability over the
years (74.5% in 1987; 60% in 1995; 65.8% in 1998 and 62.1% in 2005) (122). Variables that explained disability

were age, sex, education, income, chronic diseases and self-perception of health status (122).

In this study we found a higher prevalence of functional limitation (81.0%) in a sample of community-dwelling
Portuguese older adults (n = 2236). Although methodological differences can partly explain the difference in
values found, some hypotheses can be drawn. Possible explanations to this reverse trend may be the
population ageing and the increasing prevalence of obesity and other chronic diseases (4), combined with
rising physical inactivity among Portuguese population (127). Population ageing is the 21st century's
dominant demographic phenomenon (128) and obesity has markedly increased during recent decades (129).
The risk for functional limitations is elevated by the growing prevalence of obesity, which in turn increases

the prevalence of simultaneously occurring debilitating diseases such as arthritis (129).

5.2 Dietary intake

Regarding dietary intake, we found that frequent consumption of vegetables, soup and fresh fruit was more
prevalent among individuals who consumed fish every day or 7-10 times/week. It seems that participants

who have higher fish consumption tend to eat a more-healthy diet.

53 High-protein foods and functional limitations

There was no association between high-protein foods (meat, fish and dairy) and functional limitations among
Portuguese older adults. Explanations about these results may rely on the self-reported nature of the main
data used in the analysis. Additionally, as some authors have been pointing out, people’s diets consist of a
variety of foods with complex combinations of nutrients and the examination of only single foods could result
in identification of erroneous associations between dietary factors and functional decline in older adults (86).
In future studies, the dietary pattern approach using factor and cluster analysis could provide more
information regarding the risk of potential functional decline in older individuals (86). Beyond the potential
reasons mentioned to the lack of association, protein content of meals consumed by older adults was not
qguantified. There can be a great variation between meals composed by high-protein foods, and consequently
protein content may be very different. Moreover, it would have been useful to include other protein-source

foods (soy, nuts, seeds and legumes) and to assess the prevalence of inadequate protein intake among study

56



mEDICAL SSmWC,  UNIVERSIDADE

SCHOOL o
@) NovA

FACULDADE
DE CIENCIAS DE LISBOA

MEDICAS

participants in order to know if protein needs were supplied. It should be noted that few participants
reported to have a low frequency consumption (rarely or never) of high-protein foods, which may have

influenced the representativeness of this low consumption level.

In fact, several studies have associated low protein consumption with functionality (63, 66, 83, 84, 86-89, 96,
98) in older adults, among other outcomes such as muscle mass (79, 80). But, as pointed out by Gaytan-
Gonzalez et al., “this may be a vicious circle” (96), as the lack of functionality is a risk factor for low protein
intake (130). As suggested this authors, “there should be more research in other ways to assess daily living
functionality, like physically active and sedentary time, along with protein intake assessment to expand

knowledge about their possible interaction” (96).

As an example, Bradlee et al. found that higher intake of animal-protein foods, alone, but especially in
combination with a physically active lifestyle, was associated with preservation of muscle mass and functional
performance in older adults (85). The study showed that higher intakes of protein-source foods (red meat,
poultry, fish, dairy, and soy, nuts, seeds and legumes) were associated with higher % skeletal muscle mass
over 9 years, particularly among women (85). Men and women with higher intakes of foods from animal
sources had a higher % skeletal muscle mass regardless of activity; beneficial effects of plant-based protein
foods were only evident in physically active adults (85). Active participants with higher intakes of animal or
plant protein-source foods had 35% lowest risks of functional decline and among less active individuals, only
those consuming more animal protein-source foods had reduced risks of functional decline (Hazards Ratio:
0.71; 95% Cl: 0.50-1.01) (85). Comparing with the results of the present study, participants with higher
intakes of meat had similar odds of having overall functional limitation than participants who rarely or never
eaten meat (e.g. health model - OR 0.75; 95% Cl: 0.32-1.78). Regarding fish and dairy consumption, parallel
results were found (e.g. health model: fish - OR 0.79; 95% Cl: 0.28-2.25; dairy - OR 0.93; 95% Cl: 0.53-1.61),

in all the models.

By contrast, other studies did not found association between protein intake and function outcomes or muscle
mass and strength in older adults (81, 97, 131). Results from Sahni et al. show no association between animal
protein intake and lean mass or muscle strength (81). Their findings suggest that maintaining adequate
protein intake with age may help preserve muscle mass and strength in adult men and women and that
dietary protein types may differentially affect muscle mass and strength. The authors mention that whether
plant protein is a marker of dietary quality or has a direct effect on muscle strength (independent of lean
mass) needs to be further clarified (81). In a Chinese study that did not found association between total
protein intake and functional decline, the mentioned reasons to the absence of association were: 1) the
relative total protein intake of the study sample was comparable or even high, compared with other

published studies among Caucasians; 2) the participants were able to walk or take public transport and the

57



mEDICAL SSmWC,  UNIVERSIDADE

SCHOOL o
@) NovA

FACULDADE
DE CIENCIAS DE LISBOA

MEDICAS

ceiling effect of higher functional status may account for the absence of associations between protein intake
and physical performance measures (98). Unexpectedly, this study found that higher vegetable protein
intake was associated with reduced muscle loss in the sample and although the underlining reasons are
unknown, some suggestions are cited: 1) other nutrients, such as vitamin D, folic acid, and antioxidant intakes
may also affect muscle mass, strength and performance in older adults. Therefore, whether reduced muscle
loss is attributed exclusively to high vegetable protein intake or to the antioxidant property of plant-based
foods deserves additional research; 2) Chinese population generally has higher intake of soy foods and soy
proteins than Western populations. Soy proteins contains all amino acids essential to human nutrition and
their quality is almost equivalent to animal sources (98). Additionally, there is evidence to suggest that
increases in muscle strength and size were not influenced by the predominant source of protein consumed

by older men with adequate total protein intake (131).

Furthermore, age, sex, BMI, multimorbidity, medication use and perceived health status were significantly
associated (p < 0.05) with functional limitations. The prevalence of functional limitations was directly
associated with age (OR 1.07; 95% Cl, 1.04-1.10), being a woman (OR 1.84; 95% Cl 1.28-2.65), BMI (OR 1.08;
95% Cl, 1.03—1.12). Perceived health status (OR 0.96; 95% Cl 0.96—0.97), absence of multimorbidity (OR 0.67;
95% Cl 0.49-0.92) and no use of medication (OR 0.43; 95% Cl 0.26—0.69) were inversely associated with

functional limitation prevalence.

These results appear to be consistent with findings from studies previously reported in scientific literature
(21, 114-122, 132). For example, in a cross-sectional study of the survey on Health, Ageing, and Retirement
in Europe (n = 13974 adults aged 50+), functional limitation was associated with females, age, self-rated
health, and an increased number of chronic conditions, disease symptoms and depressive symptoms (21). In
the WHO Study on Global Ageing and Adult Health (SAGE), involving representative cohorts of respondents
(= 50 years) in six countries (China, Ghana, India, Mexico, Russia, and South Africa), followed as they age,
found that health status score declined with age, as expected. At each age in each country, the score for
males was higher than for females; women lived longer than men on average, but had poorer health status
(3). In a study with older adults (= 75 years) from the Centro region of Portugal, participants (n = 1153) were
classified in respect to ADLs performance. 31.4% presented excellent or good performance, 21.9% had small
limitation, 23.2% had moderate limitation, 7.1% had severe limitation and 16.5% had total limitation.
Differences were observed between age groups (p < 0.001), with a worse classification for the elderly, and

between genders (p < 0.001), with greater limitations in women (133).
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5.4 Study limitations and strengths

Some limitations of this study should be considered. Given this study’s nature, reverse causality may be
present in the cross-sectional data. Selection bias may also have occurred from the first to the second wave
of EpiDoC study, when participants were lost, which could have led to systematic errors in the association.
Consequential loss of power in data due to attrition may have affected associations, and the presence of very
healthy older ‘survivors’ might have posed additional source of bias. The sample used in this study did not
include institutionalized older adults, so our results may not apply to this particularly susceptible group.
Moreover, dietary intake was assessed with food frequency questions in EpiDoC 2, as at the moment of data
collection there was no validated questionnaire for telephone use regarding dietary intake. The food
frequency questionnaire used was qualitative and partially assessed the dietary habits of participants,
therefore reflecting recent exposure instead of long-term exposure. Additionally, data regarding dietary
habits was self-reported. Other studies found that women are more likely to under-report than men, and
under-reporting is more common among overweight and obese individuals (134). Overall meat/poultry/fish
intake tend to be overestimated in national dietary surveys, when disaggregation of mixed dishes is not taken
into account (135). In the present study, eggs’ consumption was not assessed and therefore was not
considered as a high-protein food source. Additionally, data from chronic diseases were based on self-
reported data. Physical activity was also self-reported, which may imply the existence of substantial
measurement error and thus contribute to the possibility of residual confounding by physical activity. The
outcomes of functional limitation were based on self-reported measures as for high-protein foods
consumption, which are subject to misreporting. Despite being important, self-report measures should be
utilized cautiously and serve only as one component of the assessment of function, according to some
authors (42). Indeed, self-report measures are valuable in defining the patient’s perspective but have been
shown to differ substantially from physical performance measures that involve quantification of output, and
are dramatically influenced by changes in pain (42). However, previous studies support that self-reports have
a physiologic basis and can accurately predict preclinical disability and related impairment (136). Concerning
the regression models, although they were adjusted for confounding variables, it is likely there are residual
confounders, which may influence the relationship we intended to study. As an observational study it can be
more subject to potential confounding than randomized clinical trials. Finally, in the future it would be
interesting to assess functional limitations through repeated standardized measures of functional status from

sequential exams.

The strengths of this study are the fact it was performed in a national representative sample, with a robust
study design and a high number of participants, and the careful adjustment made for potential confounders

in the regression models.
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6. CONCLUSION

Community-dwelling Portuguese older adults have a high prevalence of functional limitations, emphasizing
the need to address this situation with a dedicated intervention. The characterization of the functional
limitations of older population is of particular importance, given the demographic profile of the population

residing in Portugal.

This study’s approach relied on function-related questions, such the ability to stand up, walk, and reach, and
their relationship with self-reported high-protein foods consumption. Unlike other authors, an association
between high-protein food consumption and functional limitations was not found. However, results imply
there is a need to keep investigating this relationship in older adults. These findings need to be replicated in

other studies in different settings.

There was no association between self-reported low consumption of high-protein foods and functional
limitation. However, age, being a woman, overweight, multimorbidity and low quality of life (low perceived

health status) were significantly associated (p < 0.05) with functional limitations in Portuguese older adults.

Further investigations may strengthen the current evidence about this subject and contribute to food and

nutritional recommendations update, aiming the promotion of an active and healthy ageing.

60



7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
21.

MEDICAL
SCHOOL
FACULDADE
DE CIENCIAS
MEDICAS

REFERENCES

World Health Organization. Good health adds life to years. 2012 [Available from:
https://www.who.int/ageing/publications/whd2012 global brief/en/.

Eurostat. Population Structure and Ageing. [Available from: https://ec.europa.eu/eurostat/statistics-
explained/index.php/Population structure and ageing

World Health Organization, National Institute on Aging, National Institute of Health. Global Health and Aging.
2011.

Ministério da Saude. Retrato da Saude, Portugal. Lisboa; 2018.
Instituto Nacional de Estatistica. Estatisticas Demograficas. Lisboa, Portugal; 2019.

Litchford MD. Counteracting the trajectory of frailty and sarcopenia in older adults. Nutrition in Clinical Practice.
2014;29(4):428-34.

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older adults: evidence for a
phenotype. The journals of gerontology Series A, Biological sciences and medical sciences. 2001;56(3):M146-56.

Junior H, Marzetti E, Picca A, Cesari M, Uchida MC, Calvani R. Protein Intake and Frailty: A Matter of Quantity,
Quiality, and Timing. Nutrients. 2020.

Sousa-Santos AR, Afonso C, Borges N, Santos A, Padrdo P, Moreira P, et al. Sarcopenia, physical frailty,
undernutrition and obesity cooccurrence among Portuguese community-dwelling older adults: results from
Nutrition UP 65 cross-sectional study. BMJ Open. 2020;10(6):e033661.

Liotta G, Canhao H, Cenko F, Cutini R, Vellone E, lllario M, et al. Active Ageing in Europe: Adding Healthy Life to
Years. Frontiers in medicine. 2018;5:123.

Eurostat. Healthy Life Years and Life Expectancy at Age 65 by Sex [Available from:
https://ec.europa.eu/eurostat/web/health/health-status-determinants/data/main-tables (Accessed: November
24, 2020).

Lawton MP, Brody EM. Assessment of Older People: Self-Maintaining and Instrumental Activities of Daily Living1.
The Gerontologist. 1969;9(3_Part_1):179-86.

Katz S, Ford AB, Moskowitz RW, Jackson BA, Jaffe MW. Studies of lllness in the Aged: The Index of ADL: A
Standardized Measure of Biological and Psychosocial Function. Jama. 1963;185(12):914-9.

Mulasso A, Roppolo M, Giannotta F, Rabaglietti E. Associations of frailty and psychosocial factors with autonomy
in daily activities: a cross-sectional study in Italian community-dwelling older adults. Clinical interventions in
aging. 2016;11:37-45.

Dent E, Hoogendijk EO. Psychosocial factors modify the association of frailty with adverse outcomes: a
prospective study of hospitalised older people. BMC geriatrics. 2014;14(1):108.

Lorenzo-Lépez L, Maseda A, de Labra C, Regueiro-Folgueira L, Rodriguez-Villamil JL, Millan-Calenti JC. Nutritional
determinants of frailty in older adults: a systematic review. BMC geriatrics. 2017;17(1):108.

Kelaiditi E, Guyonnet S, Cesari M. Is nutrition important to postpone frailty? Current Opinion in Clinical Nutrition
& Metabolic Care. 2015;18(1):37-42.

Le Cossec C, Perrine A-L, Beltzer N, Fuhrman C, Carcaillon-Bentata L. Pre-frailty, frailty, and multimorbidity:
prevalences and associated characteristics from two French national surveys. The journal of nutrition, health &
aging. 2016;20(8):860-9.

Instituto Nacional de Estatistica. Saude e Incapacidades em Portugal 2011. 2012.
Hébert R. Functional decline in old age. CMAJ. 1997;157(8):1037-45.

Micheli K, Ratsika N, Vozikaki M, Chlouverakis G, Philalithis A. Family ties and functional limitation in the elderly:
Results from the Survey of Health Ageing and Retirement in Europe (SHARE). Arch Gerontol Geriatr. 2018;78:23-
9.

61

SO, UNIVERSIDADE

) NOVA

DE LISBOA


https://www.who.int/ageing/publications/whd2012_global_brief/en/
https://ec.europa.eu/eurostat/statistics-explained/index.php/Population_structure_and_ageing
https://ec.europa.eu/eurostat/statistics-explained/index.php/Population_structure_and_ageing
https://ec.europa.eu/eurostat/web/health/health-status-determinants/data/main-tables

mEDICAL SSmWC,  UNIVERSIDADE

SCHOOL o
) NOVA

FACULDADE
DE CIENCIAS DE LISBOA

MEDICAS

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

Schultz-Larsen K, Avlund K, Kreiner S. Functional ability of community dwelling elderly. Criterion-Related Validity
of a new measure of functional ability. Journal of Clinical Epidemiology. 1992;45(11):1315-26.

Nikolova R, Demers L, Béland F, Giroux F. Transitions in the functional status of disabled community-living older
adults over a 3-year follow-up period. Arch Gerontol Geriatr. 2011;52(1):12-7.

Guralnik JM, Kaplan GA. Predictors of healthy aging: prospective evidence from the Alameda County study. Am
J Public Health. 1989;79(6):703-8.

Dale C, Prieto-Merino D, Kuper H, Adamson J, Bowling A, Ebrahim S, et al. Modelling the association of disability
according to the WHO International Classification of Functioning, Disability and Health (ICF) with mortality in the
British Women's Heart and Health Study. Journal of epidemiology and community health. 2012;66(2):170-5.

Hajek A, Brettschneider C, Lange C, Posselt T, Wiese B, Steinmann S, et al. Longitudinal Predictors of
Institutionalization in Old Age. PloS one. 2015;10(12):e0144203.

Guralnik JM, Fried LP, Salive ME. Disability as a public health outcome in the aging population. Annual review of
public health. 1996;17:25-46.

Stuck AE, Walthert JM, Nikolaus T, Biila CJ, Hohmann C, Beck JC. Risk factors for functional status decline in
community-living elderly people: a systematic literature review. Social science &amp; medicine (1982).
1999;48(4):445-69.

Litwin H, Shrira A, Shmotkin D. Self-reported functional status among the old-old: a comparison of two Israeli
cohorts. Journal of aging and health. 2012;24(5):846-62.

Seeman TE, Bruce ML, McAvay GJ. Social network characteristics and onset of ADL disability: MacArthur studies
of successful aging. J Gerontol B Psychol Sci Soc Sci. 1996;51(4):5191-200.

Deutz NE, Bauer JM, Barazzoni R, Biolo G, Boirie Y, Bosy-Westphal A, et al. Protein intake and exercise for optimal
muscle function with aging: recommendations from the ESPEN Expert Group. Clinical nutrition (Edinburgh,
Scotland). 2014;33(6):929-36.

Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm T, et al. Sarcopenia: revised European consensus
on definition and diagnosis. Age and ageing. 2019;48(1):16-31.

Wolfe R. The role of dietary protein in optimizing muscle mass, function and health outcomes in older individuals.
The British journal of nutrition. 2012;108:588-5S93.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al. Sarcopenia: European consensus on
definition and diagnosis: Report of the European Working Group on Sarcopenia in Older People. Age and ageing.
2010;39(4):412-23.

Illario M, Vollenbroek-Hutten MMR, Molloy DW, Menditto E, laccarino G, Eklund P. Active and Healthy Ageing
and Independent Living 2016. Journal of Aging Research. 2016;2016:8062079.

World Health Organization. Ageing and Life-Course. 2002 [Available from:
https://www.who.int/ageing/active _ageing/en/ (Accessed: November 20, 2020).

World Health Organization. World report on ageing and health: World Health Organization; 2015.

Cardoso JH, Costa JS. Caracteristicas epidemioldgicas, capacidade funcional e fatores associados em idosos de
um plano de saude. Ciéncia & Saude Coletiva. 2010;15:2871-8.

McLaughlin SJ, Jette AM, Connell CM. An Examination of Healthy Aging Across a Conceptual Continuum:
Prevalence Estimates, Demographic Patterns, and Validity. The Journals of Gerontology: Series A.
2012;67(7):783-9.

HelpAge International. The Global Watch Age index [Available from: https://www.helpage.org/global-
agewatch/about/about-global-agewatch/ (Accessed November 24, 2020).

Cesari M, Araujo de Carvalho I, Amuthavalli Thiyagarajan J, Cooper C, Martin FC, Reginster J-Y, et al. Evidence for
the Domains Supporting the Construct of Intrinsic Capacity. The Journals of Gerontology: Series A.
2018;73(12):1653-60.

62


https://www.who.int/ageing/active_ageing/en/
https://www.helpage.org/global-agewatch/about/about-global-agewatch/
https://www.helpage.org/global-agewatch/about/about-global-agewatch/

42.

43.
44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

mEDICAL SSmWC,  UNIVERSIDADE

SCHOOL o
) NOVA

FACULDADE
DE CIENCIAS DE LISBOA

MEDICAS

Reiman MP, Manske RC. The assessment of function: How is it measured? A clinical perspective. The Journal of
manual & manipulative therapy. 2011;19(2):91-9.

Verbrugge LM, Jette AM. The disablement process. Social science & medicine (1982). 1994;38(1):1-14.

Guide to Physical Therapist Practice. Second Edition. American Physical Therapy Association. Physical therapy.
2001;81(1):9-746.

Wood PH. Appreciating the consequences of disease: the international classification of impairments, disabilities,
and handicaps. WHO chronicle. 1980;34(10):376-80.

Jette AM. Physical disablement concepts for physical therapy research and practice. Physical therapy.
1994;74(5):380-6.

International classification of functioning, disability, and health : ICF. Version 1.0. Geneva : World Health
Organization, [2001] ©2001; 2001.

Lawton MP, Brody EM. Assessment of older people: self-maintaining and instrumental activities of daily living.
The gerontologist. 1969;9(3_Part_1):179-86.

Council NR, Population Co. Improving the Measurement of Late-Life Disability in Population Surveys: Beyond
ADLs and IADLs: Summary of a Workshop: National Academies Press; 2009.

Frochen S, Mehdizadeh S. Functional Status and Adaptation: Measuring Activities of Daily Living and Device Use
in the National Health and Aging Trends Study. Journal of aging and health. 2018;30(7):1136-55.

Maska L, Anderson J, Michaud K. Measures of functional status and quality of life in rheumatoid arthritis: Health
Assessment Questionnaire Disability Index (HAQ), Modified Health Assessment Questionnaire (MHAQ),
Multidimensional Health Assessment Questionnaire (MDHAQ), Health Assessment Questionnaire Il (HAQ-II),
Improved Health Assessment Questionnaire (Improved HAQ), and Rheumatoid Arthritis Quality of Life (RAQoL).
Arthritis care & research. 2011;63 Suppl 11:54-13.

Krishnan E, Sokka T, Hakkinen A, Hubert H, Hannonen P. Normative values for the Health Assessment
Questionnaire disability index: benchmarking disability in the general population. Arthritis and rheumatism.
2004;50(3):953-60.

Bruce B, Fries JF. The Stanford Health Assessment Questionnaire: a review of its history, issues, progress, and
documentation. The Journal of rheumatology. 2003;30(1):167-78.

Ferraz MB, Oliveira LM, Araujo PM, Atra E, Tugwell P. Crosscultural reliability of the physical ability dimension of
the health assessment questionnaire. The Journal of rheumatology. 1990;17(6):813-7.

Food and Nutrition Board of the Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber,
Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (2002/2005) and Dietary Reference Intakes for Water,
Potassium, Sodium, Chloride, and Sulfate (2005). 2002/2005.

FAO/WHO. Protein and amino acid requirements in human nutrition. Report of a joint FAO/WHO/UNU expert
consultation (WHO Technical Report Series 935). 2007.

Dietary reference values for food energy and nutrients for the United Kingdom. Report of the Panel on Dietary
Reference Values of the Committee on Medical Aspects of Food Policy. Reports on health and social subjects.
1991;41:1-210.

Franzke B, Neubauer O, Cameron-Smith D, Wagner KH. Dietary Protein, Muscle and Physical Function in the Very
Old. Nutrients. 2018;10(7).

Volpi E, Campbell WW, Dwyer JT, Johnson MA, Jensen GL, Morley JE, et al. Is the Optimal Level of Protein Intake
for Older Adults Greater Than the Recommended Dietary Allowance? The Journals of Gerontology: Series A.
2012;68(6):677-81.

Phillips SM, Chevalier S, Leidy HJ. Protein "requirements" beyond the RDA: implications for optimizing health.
Applied physiology, nutrition, and metabolism = Physiologie appliquee, nutrition et metabolisme.
2016;41(5):565-72.

63



MEDICAL SR

S, UNIVERSIDADE
SCHooL 3 A
FACULDADE ﬁ NOVA

DE CIENCIAS
MeDIcAs DE LISBOA

Orsn

¥

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Mendonga N, Granic A, Mathers JC, Hill TR, Siervo M, Adamson AJ, et al. Prevalence and determinants of low
protein intake in very old adults: insights from the Newcastle 85+ Study. European Journal of Nutrition.
2018;57(8):2713-22.

Coelho-Junior HJ, Milano-Teixeira L, Rodrigues B, Bacurau R, Marzetti E, Uchida M. Relative Protein Intake and
Physical Function in Older Adults: A Systematic Review and Meta-Analysis of Observational Studies. Nutrients.
2018;10(9).

Houston DK, Tooze JA, Garcia K, Visser M, Rubin S, Harris TB, et al. Protein Intake and Mobility Limitation in
Community-Dwelling Older Adults: the Health ABC Study. Journal of the American Geriatrics Society.
2017;65(8):1705-11.

Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE, et al. Evidence-based recommendations for
optimal dietary protein intake in older people: a position paper from the PROT-AGE Study Group. Journal of the
American Medical Directors Association. 2013;14(8):542-59.

Pedersen AN, Cederholm T. Health effects of protein intake in healthy elderly populations: a systematic literature
review. Food Nutr Res. 2014;58:10.3402/fnr.v58.23364.

Granic A, Mendonga N, Sayer AA, Hill TR, Davies K, Adamson A, et al. Low protein intake, muscle strength and
physical performance in the very old: The Newcastle 85+ Study. Clinical Nutrition. 2018;37(6):2260-70.

Paddon-Jones D, Campbell WW, Jacques PF, Kritchevsky SB, Moore LL, Rodriguez NR, et al. Protein and healthy
aging. The American journal of clinical nutrition. 2015;101(6):1339s-45s.

Castellanos VH, Litchford MD, Campbell WW. Modular protein supplements and their application to long-term
care. Nutrition in clinical practice : official publication of the American Society for Parenteral and Enteral
Nutrition. 2006;21(5):485-504.

Arnal MA, Mosoni L, Boirie Y, Houlier ML, Morin L, Verdier E, et al. Protein pulse feeding improves protein
retention in elderly women. The American journal of clinical nutrition. 1999;69(6):1202-8.

Paddon-Jones D, Sheffield-Moore M, Zhang XJ, Volpi E, Wolf SE, Aarsland A, et al. Amino acid ingestion improves
muscle protein synthesis in the young and elderly. American journal of physiology Endocrinology and
metabolism. 2004;286(3):E321-8.

Symons TB, Sheffield-Moore M, Wolfe RR, Paddon-Jones D. A moderate serving of high-quality protein maximally
stimulates skeletal muscle protein synthesis in young and elderly subjects. Journal of the American Dietetic
Association. 2009;109(9):1582-6.

Park S, Jang J, Choi MD, Shin YA, Schutzler S, Azhar G, et al. The Anabolic Response to Dietary Protein Is Not
Limited by the Maximal Stimulation of Protein Synthesis in Healthy Older Adults: A Randomized Crossover Trial.
Nutrients. 2020;12(11).

Casperson SL, Sheffield-Moore M, Hewlings SJ, Paddon-Jones D. Leucine supplementation chronically improves
muscle protein synthesis in older adults consuming the RDA for protein. Clinical nutrition (Edinburgh, Scotland).
2012;31(4):512-9.

Morley JE, Argiles JM, Evans WJ, Bhasin S, Cella D, Deutz NE, et al. Nutritional recommendations for the
management of sarcopenia. Journal of the American Medical Directors Association. 2010;11(6):391-6.

Martin-Cantero A, Reijnierse EM, Gill BMT, Maier AB. Factors influencing the efficacy of nutritional interventions
on muscle mass in older adults: a systematic review and meta-analysis. Nutrition Reviews. 2020.

Lopes C, Torres D, Oliveira A, Severo M, Alarcao V, Guiomar S, et al. Inquérito Alimentar Nacional e de Atividade
Fisica, IAN-AF 2015-2016: Relatério de resultados. Universidade do Porto; 2017.

Lonnie M, Hooker E, Brunstrom JM, Corfe BM, Green MA, Watson AW, et al. Protein for Life: Review of Optimal
Protein Intake, Sustainable Dietary Sources and the Effect on Appetite in Ageing Adults. Nutrients. 2018;10(3).

Traylor DA, Gorissen SHM, Phillips SM. Perspective: Protein Requirements and Optimal Intakes in Aging: Are We
Ready to Recommend More Than the Recommended Daily Allowance? Advances in nutrition (Bethesda, Md).
2018;9(3):171-82.

64



mEDICAL SSmWC,  UNIVERSIDADE

SCHOOL o
) NOVA

FACULDADE
DE CIENCIAS DE LISBOA

MEDICAS

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, Newman AB, et al. Dietary protein intake is associated with
lean mass change in older, community-dwelling adults: the Health, Aging, and Body Composition (Health ABC)
Study. The American journal of clinical nutrition. 2008;87(1):150-5.

Meng X, Zhu K, Devine A, Kerr DA, Binns CW, Prince RL. A 5-Year Cohort Study of the Effects of High Protein Intake
on Lean Mass and BMC in Elderly Postmenopausal Women. Journal of Bone and Mineral Research.
2009;24(11):1827-34.

Sahni S, Mangano KM, Hannan MT, Kiel DP, McLean RR. Higher Protein Intake Is Associated with Higher Lean
Mass and Quadriceps Muscle Strength in Adult Men and Women. The Journal of nutrition. 2015;145(7):1569-75.

Visser M, Kritchevsky SB, Goodpaster BH, Newman AB, Nevitt M, Stamm E, et al. Leg muscle mass and
composition in relation to lower extremity performance in men and women aged 70 to 79: the health, aging and
body composition study. Journal of the American Geriatrics Society. 2002;50(5):897-904.

Mendonga N, Granic A, Hill TR, Siervo M, Mathers JC, Kingston A, et al. Protein Intake and Disability Trajectories
in Very Old Adults: The Newcastle 85+ Study. Journal of the American Geriatrics Society. 2019;67(1):50-6.

Beasley JM, Wertheim BC, LaCroix AZ, Prentice RL, Neuhouser ML, Tinker LF, et al. Biomarker-calibrated protein
intake and physical function in the Women's Health Initiative. Journal of the American Geriatrics Society.
2013;61(11):1863-71.

Bradlee ML, Mustafa J, Singer MR, Moore LL. High-Protein Foods and Physical Activity Protect Against Age-
Related Muscle Loss and Functional Decline. The journals of gerontology Series A, Biological sciences and medical
sciences. 2017;73(1):88-94.

Imai E, Tsubota-Utsugi M, Kikuya M, Satoh M, Inoue R, Hosaka M, et al. Animal protein intake is associated with
higher-level functional capacity in elderly adults: the Ohasama study. Journal of the American Geriatrics Society.
2014;62(3):426-34.

Mendonca N, Kingston A, Granic A, Hill TR, Mathers JC, Jagger C. Contribution of protein intake and its interaction
with physical activity to transitions between disability states and to death in very old adults: the Newcastle 85+
Study. Eur J Nutr. 2019.

Yuan M, Pickering RT, Bradlee ML, Mustafa J, Singer MR, Moore LL. Animal protein intake reduces risk of
functional impairment and strength loss in older adults. Clinical nutrition (Edinburgh, Scotland). 2020.

Hruby A, Sahni S, Bolster D, Jacques PF. Protein Intake and Functional Integrity in Aging: The Framingham Heart
Study Offspring. The journals of gerontology Series A, Biological sciences and medical sciences. 2020;75(1):123-
30.

Galbreath M, Campbell B, La Bounty P, Bunn J, Dove J, Harvey T, et al. Effects of Adherence to a Higher Protein
Diet on Weight Loss, Markers of Health, and Functional Capacity in Older Women Participating in a Resistance-
Based Exercise Program. Nutrients. 2018;10(8):1070.

Oh C, Jeon BH, Reid Storm SN, Jho S, No J-K. The most effective factors to offset sarcopenia and obesity in the
older Korean: Physical activity, vitamin D, and protein intake. Nutrition. 2017;33:169-73.

Boirie Y, Morio B, Caumon E, Cano NJ. Nutrition and protein energy homeostasis in elderly. Mechanisms of Ageing
and Development. 2014;136-137:76-84.

Morais JA, Chevalier S, Gougeon R. Protein turnover and requirements in the healthy and frail elderly. The journal
of nutrition, health & aging. 2006;10(4):272-83.

Nowson C, Connell S. Protein Requirements and Recommendations for Older People: A Review. Nutrients.
2015;7(8):6874-99.

Koopman R. Dietary protein and exercise training in ageing. The Proceedings of the Nutrition Society.
2011;70(1):104-13.

Gaytan-Gonzalez A, Ocampo-Alfaro MdJ, Arroniz-Rivera M, Torres-Naranjo F, Gonzalez-Mendoza RG, Gil-Barreiro
M, et al. Inadequate Protein Intake at Specific Meals Is Associated with Higher Risk of Impaired Functionality in
Middle to Older Aged Mexican Adults. Journal of Aging Research. 2019;2019:6597617.

65



MEDICAL SR,
SCHOOL
FACULDADE
DE CIENCIAS
MEDICAS

UNIVERSIDADE

) NOVA

DE LISBOA

97. Gingrich A, Spiegel A, Kob R, Schoene D, Skurk T, Hauner H, et al. Amount, Distribution, and Quality of Protein
Intake Are Not Associated with Muscle Mass, Strength, and Power in Healthy Older Adults without Functional
Limitations-An enable Study. Nutrients. 2017;9(12).

98. ChanR, LeungJ, Woo J, Kwok T. Associations of dietary protein intake on subsequent decline in muscle mass and
physical functions over four years in ambulant older Chinese people. The journal of nutrition, health & aging.
2014;18(2):171-7.

99. Dias SS, Rodrigues AM, Gregorio MJ, de Sousa RD, Branco JC, Canhao H. Cohort Profile: The Epidemiology of
Chronic Diseases Cohort (EpiDoC). International journal of epidemiology. 2018;47(6):1741-2j.

100. Rodrigues AM, Gouveia N, da Costa LP, Eusébio M, Ramiro S, Machado P, et al. EpiReumaPt- the study of
rheumatic and musculoskeletal diseases in Portugal: a detailed view of the methodology. Acta reumatologica
portuguesa. 2015;40(2):110-24.

101. Branco JC, Rodrigues AM, Gouveia N, Eusébio M, Ramiro S, Machado PM, et al. Prevalence of rheumatic and
musculoskeletal diseases and their impact on health-related quality of life, physical function and mental health
in Portugal: results from EpiReumaPt- a national health survey. RMD open. 2016;2(1):e000166.

102. Rodrigues AM, Gregdrio MJ, Sousa RD, Dias SS, Santos MJ, Mendes JM, et al. Challenges of Ageing in Portugal:
Data from the EpiDoC Cohort. Acta medica portuguesa. 2018;31(2):80-93.

103. OECD, Eurostat, Statistics UIf. ISCED 2011 Operational Manual2015.

104. Diederichs C, Berger K, Bartels DB. The measurement of multiple chronic diseases--a systematic review on
existing multimorbidity indices. The journals of gerontology Series A, Biological sciences and medical sciences.
2011;66(3):301-11.

105. Foundation ER. EQ-5D-3L User Guide. 2018.

106. World Health Organization. Physical status: the use of and interpretation of anthropometry, report of a WHO
Expert Committee. Geneva: World Health Organization; 1995.

107. Organization WH. Obesity: preventing and managing the global epidemic: World Health Organization; 2000.

108. Hita-Contreras F. Traditional body mass index cut-offs in older people: Time for a rethink with altered fat
distribution, sarcopenia and shrinking height. Maturitas. 2018;113:A1-A2.

109. Grzegorzewska A, Wo K, ejko, Kowalkowska A, Kowalczyk G, Jaroch A, editors. Proper BMI ranges for the elderly
in the context of morbidity , mortality and functional status Prawid 3 owe zakresy wskaxnika2017.

110. Cervi A, Franceschini S, Priore S. Critical analysis of the use of the body mass index for the elderly. Revista de
Nutrigdo. 2005;18:765-75.

111. Winter JE, Maclnnis RJ, Wattanapenpaiboon N, Nowson CA. BMI and all-cause mortality in older adults: a meta-
analysis. The American journal of clinical nutrition. 2014;99(4):875-90.

112. Lipschitz DA. Screening for nutritional status in the elderly. Primary care. 1994;21(1):55-67.

113. World Medical Association Declaration of Helsinki: ethical principles for medical research involving human
subjects. Jama. 2013;310(20):2191-4.

114. Jindai K, Nielson CM, Vorderstrasse BA, Quifiones AR. Peer Reviewed: Multimorbidity and Functional Limitations
Among Adults 65 or Older, NHANES 2005-2012. Preventing chronic disease. 2016;13.

115. Silva N, Menezes T. Capacidade funcional e sua associagao com idade e sexo em uma populagao idosa. Revista
Brasileira de Cineantropometria & Desempenho Humano. 2014;16:359-70.

116. Friedmann JM, Elasy T, Jensen GL. The Relationship Between Body Mass Index and Self-Reported Functional
Limitation Among Older Adults: A Gender Difference. Journal of the American Geriatrics Society. 2001;49(4):398-
403.

117. Peron EP, Gray SL, Hanlon JT. Medication use and functional status decline in older adults: a narrative review.
The American journal of geriatric pharmacotherapy. 2011;9(6):378-91.

66



MEDICAL
SCHOOL
FACULDADE
DE CIENCIAS
MEDICAS

SO, UNIVERSIDADE

) NOVA

DE LISBOA

118. Jyrkka J, Enlund H, Lavikainen P, Sulkava R, Hartikainen S. Association of polypharmacy with nutritional status,
functional ability and cognitive capacity over a three-year period in an elderly population.
Pharmacoepidemiology and drug safety. 2011;20:514-22.

119. Weerdesteijn KHN, Schaafsma FG, Louwerse |, Huysmans MA, Van der Beek AJ, Anema JR. Does self-perceived
health correlate with physician-assessed functional limitations in medical work disability assessments? Journal
of Psychosomatic Research. 2019;125:109792.

120. Idler E, Russell L, Davis D. Survival, Functional Limitations, and Self-rated Health in the NHANES | Epidemiologic
Follow-up Study, 1992. Am J Epidemiol. 2000;152.

121. Cimarras-Otal C, Calderdn-Larrafiaga A, Poblador-Plou B, Gonzalez-Rubio F, Gimeno-Feliu LA, Arjol-Serrano JL, et
al. Association between physical activity, multimorbidity, self-rated health and functional limitation in the
Spanish population. BMC Public Health. 2014;14(1):1170.

122. Nogueira D, Reis E. Longevity and Health: Trends in Functional Limitations and Disability Among Older Adults in
Portugal, 1985-2005. Ageing International. 2014;39(3):195-209.

123. Borsch-Supan A, Brugiavini A, Jirges H, Kapteyn A, Mackenbach J, Siegrist J, et al. First results from the Survey of
Health, Ageing and Retirement in Europe (2004-2007). Starting the Longitudinal Dimension Mannheim:
Mannheim Research Institute for the Economics of Aging (MEA). 2008.

124. Chan KS, Kasper JD, Brandt J, Pezzin LE. Measurement equivalence in ADL and IADL difficulty across international
surveys of aging: findings from the HRS, SHARE, and ELSA. J Gerontol B Psychol Sci Soc Sci. 2012;67(1):121-32.

125. Serrano-Alarcon M, Perelman J. Ageing under unequal circumstances: a cross-sectional analysis of the gender
and socioeconomic patterning of functional limitations among the Southern European elderly. International
journal for equity in health. 2017;16(1):175.

126. Eurostat. Functional and activity limitations statistics 2019 [updated November 2020. Available from:
https://ec.europa.eu/eurostat/statistics-
explained/index.php/Functional and activity limitations statistics#Functional and activity limitations.

127. Shinn C, Salgado R, Rodrigues D. Programa Nacional para a Promog¢do da Atividade Fisica: o caso de Portugal.
Ciéncia & Saude Coletiva. 2020;25:1339-48.

128. Bloom DE, Luca DL. Chapter 1 - The Global Demography of Aging: Facts, Explanations, Future. In: Piggott J,
Woodland A, editors. Handbook of the Economics of Population Aging. 1: North-Holland; 2016. p. 3-56.

129. von Bonsdorff MB, Rantanen T. Progression of functional limitations in relation to physical activity: a life course
approach. European Review of Aging and Physical Activity. 2011;8(1):23-30.

130. Bartali B, Salvini S, Turrini A, Lauretani F, Russo CR, Corsi AM, et al. Age and Disability Affect Dietary Intake. The
Journal of nutrition. 2003;133(9):2868-73.

131. Haub MD, Wells AM, Tarnopolsky MA, Campbell WW. Effect of protein source on resistive-training-induced
changes in body composition and muscle size in older men. The American journal of clinical nutrition.
2002;76(3):511-7.

132. Cimarras C, Calderdn-Larraiiaga A, Poblador-Plou B, Rubio F, Gimeno Feliu LA, Arjol-Serrano J, et al. Association
between physical activity, multimorbidity, self-rated health and functional limitation in the Spanish population
Background. BMC Public Health. 2014;BMC Public Health:1170.

133. Rodrigues RM, Silva CF, Loureiro LM, Silva SM, Crespo SS, Azeredo Z. Os muito idosos: avaliagdo funcional
multidimensional. Revista de Enfermagem Referéncia. 2015(5):65-74.

134. Macdiarmid J, Blundell J. Assessing dietary intake: Who, what and why of under-reporting. Nutrition research
reviews. 1999;11:231-53.

135. Sui Z, Raubenheimer D, Rangan A. Consumption patterns of meat, poultry, and fish after disaggregation of mixed
dishes: secondary analysis of the Australian National Nutrition and Physical Activity Survey 2011-12. BMC
Nutrition. 2017;3(1):52.

136. Fried LP, Young Y, Rubin G, Bandeen-Roche K. Self-reported preclinical disability identifies older women with
early declines in performance and early disease. J Clin Epidemiol. 2001;54(9):889-901.

67


https://ec.europa.eu/eurostat/statistics-explained/index.php/Functional_and_activity_limitations_statistics#Functional_and_activity_limitations
https://ec.europa.eu/eurostat/statistics-explained/index.php/Functional_and_activity_limitations_statistics#Functional_and_activity_limitations




	1. Introduction
	1.1 Ageing and functional limitations
	1.1.1  Ageing and functional decline
	1.1.1.1 Sarcopenia: a closer look

	1.1.2 Concepts: from “active ageing” to “functional limitations”
	1.1.3 Measuring functional limitations

	1.2 Recommendations for protein intake in older adults
	1.3 Protein intake and functional outcomes

	2. Aims
	3. Methodology
	3.1 Study design and participants
	3.2 EpiDoC cohort measurements
	3.2.1 Sociodemographic data
	3.2.2 Health data
	3.2.3 Lifestyle data
	3.2.4 Dietary intake
	3.2.5 Anthropometric data
	3.2.6 Physical function

	3.3 Statistical analysis
	3.4 Ethical issues and data confidentiality

	4. Results
	4.1 Prevalence of functional limitations
	4.2 Characteristics of study population and high-protein foods consumption
	4.2.1 Sociodemographic data
	4.2.2 Health data
	4.2.3 Lifestyle data
	4.2.4 Dietary intake
	4.2.5 Anthropometric data
	4.2.6 Physical function

	4.3 High-protein foods consumption and functional limitations

	5. Discussion
	5.1 Prevalence of functional limitations
	5.2 Dietary intake
	5.3 High-protein foods and functional limitations
	5.4 Study limitations and strengths

	6. Conclusion
	7. References

