
nutrients

Review

Malnutrition in Older Adults—Recent Advances and
Remaining Challenges

Kristina Norman 1,2,3,4,*, Ulrike Haß 2,3 and Matthias Pirlich 5

����������
�������

Citation: Norman, K.; Haß, U.;

Pirlich, M. Malnutrition in Older

Adults—Recent Advances and

Remaining Challenges. Nutrients

2021, 13, 2764. https://doi.org/

10.3390/nu13082764

Academic Editor: Ina Bergheim

Received: 29 June 2021

Accepted: 10 August 2021

Published: 12 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Geriatrics and Medical Gerontology, Charité–Universitätsmedizin Berlin,
Corporate Member of Freie Universität Berlin and Humboldt-Universität zu Berlin, 13347 Berlin, Germany

2 Department of Nutrition and Gerontology, German Institute of Human Nutrition Potsdam-Rehbrücke,
14458 Nuthetal, Germany; ulrike.hass@dife.de

3 Institute of Nutritional Science, University of Potsdam, 14458 Nuthetal, Germany
4 German Center for Cardiovascular Research (DZHK), Partner Site Berlin, 10115 Berlin, Germany
5 Imperial Oak Outpatient Clinic, Endocrinology, Gastroenterology & Clinical Nutrition,

12159 Berlin, Germany; pirlich@kaisereiche.de
* Correspondence: kristina.norman@charite.de; Tel.: +49-030450565139

Abstract: Malnutrition in older adults has been recognised as a challenging health concern associated
with not only increased mortality and morbidity, but also with physical decline, which has wide
ranging acute implications for activities of daily living and quality of life in general. Malnutrition
is common and may also contribute to the development of the geriatric syndromes in older adults.
Malnutrition in the old is reflected by either involuntary weight loss or low body mass index, but
hidden deficiencies such as micronutrient deficiencies are more difficult to assess and therefore
frequently overlooked in the community-dwelling old. In developed countries, the most cited
cause of malnutrition is disease, as both acute and chronic disorders have the potential to result in or
aggravate malnutrition. Therefore, as higher age is one risk factor for developing disease, older adults
have the highest risk of being at nutritional risk or becoming malnourished. However, the aetiology
of malnutrition is complex and multifactorial, and the development of malnutrition in the old is
most likely also facilitated by ageing processes. This comprehensive narrative review summarizes
current evidence on the prevalence and determinants of malnutrition in old adults spanning from
age-related changes to disease-associated risk factors, and outlines remaining challenges in the
understanding, identification as well as treatment of malnutrition, which in some cases may include
targeted supplementation of macro- and/or micronutrients, when diet alone is not sufficient to meet
age-specific requirements.

Keywords: malnutrition; ageing; inflammaging; sarcopenia; anorexia of aging; micronutrients;
DoMAP; GLIM criteria

1. Introduction

The World Health Organization (WHO) has declared Healthy Ageing a priority of
its work on ageing between 2016 and 2030 and developed a policy framework which
emphasizes the need for action across multiple sectors [1]. The aim of the program is to
enable older persons to develop and maintain functional ability which permits wellbeing
and allows them to partake in society [1]. Older adults (individuals aged 65 or over) are the
fastest growing age group and projections from the United Nations predict that by 2050,
the number of adults aged 65 or over will be twice as big as the amount of children under
the age of five and also surpass the number of adolescents aged between 15 and 24 years.
In 2050, improvements in survival are expected to add approximately 5 years to the life
expectancy at birth for the world’s population which was 72.6 years in 2019 [2].

Biology of ageing is understood as the time related decline of physiological functions,
leading to changes in functional performance of different organ systems as well as with
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reduced resilience to physical, cognitive and mental stressors, however, there are great indi-
vidual differences in these changes. Advanced age is associated with reduced adaptive and
regenerative capacity which is leading to higher rates of morbidity [3]. On the other hand,
the presence of age-associated diseases in middle-aged individuals has been interpreted as
a sign of accelerated ageing [4]. Maintaining an adequate nutritional status as well as a suf-
ficient nutrient intake is key to health and quality of life and as such is one prerequisite for
wellbeing in higher age and modulator of healthy ageing as defined by the WHO. However,
older adults are susceptible to nutritional problems and ultimately also to malnutrition
through a variety of mechanisms [5]. As age is one main risk factor for the development of
chronic disease, older persons are particularly susceptible to disease-related weight loss,
loss of muscle mass and strength (i.e., sarcopenia) and ultimately, the frailty syndrome,
all of which can fundamentally impact recovery from disease and clinical outcome in
general [6–8]. Weight loss, a marker of macronutrient deficiency and/or catabolism, is
a common key initial phenomenon in old patients, which sets off a catabolic cascade of
unfavourable events resulting in higher morbidity and mortality. The causes for weight
loss in higher age are multifactorial, but can in part be attributed to both disease processes
such as catabolic events, disease or age-related anorexia (“anorexia of aging”) and subse-
quent insufficient dietary intake, but also to increased inflammatory status, depressive or
cognitive disorders [9] as well as a decreased socio-economic status [10]. But even outside
the context of disease or manifest disorders, both ageing processes and age-associated
changes can slowly impact physiology and metabolism and thus effect a gradual change in
the nutritional status of older adults [11].

The treatment of malnutrition requires early identification and multimodal interven-
tion, in hospitalized patients as well as community dwelling older adults. However, treat-
ment modality still poses a challenge for nutritional therapy with yet open questions [12,13].
This review summarizes the current state of evidence on the complex aetiology of malnutri-
tion in old adults, considering both effects of ageing processes and disease-related factors.
Also remaining challenges in the identification and treatment of malnutrition in the old
are outlined.

2. Impact of Malnutrition in the Old

Although clinical malnutrition predominantly occurs in patients in hospitals, care situ-
ations or nursing homes, malnutrition, nutritional risk and specific nutrient deficiencies in
particular, are a common albeit frequently overlooked occurrence in community-dwelling
old people [14,15].

Consequences of malnutrition are deleterious and far reaching and have been de-
scribed in detail [6]. While disease-related malnutrition is not limited to older adults, it
is more frequent in higher age, and the consequences appear to be more severe in older
persons due to their impaired regenerative capacity.

Malnutrition in general has serious implications for clinical outcome, for recovery
from disease, trauma and surgery and is associated with increased morbidity and mortality
both in acute and chronic disease [6] and has thus been acknowledged as serious burden
for the health care system [16].

Depending on the type of malnutrition, protein catabolism can be pronounced.
Disease-related malnutrition therefore leads to rapid skeletal muscle wasting, whereas
age-related malnutrition is associated with a slower but progressive loss of muscle mass.
The effects of protein catabolism are prominently reflected by lower muscle mass, muscle
strength and function with severe implications for physical performance [17]. At the same
time, malnutrition [18] but also reduced dietary protein intake per se [19] are associated
with a decrease in bone mineral mass in higher age. Together with poor physical perfor-
mance and coordination resulting in higher fall risk, these factors accelerate the age-related
risk of osteoporosis and osteoporotic fractures [20]. Taken together, the risk of falling and
the subsequent loss of independence and disability are greatly increased.



Nutrients 2021, 13, 2764 3 of 20

Malnutrition-related protein catabolism and micronutrient deficiency have been
prominently linked to the impairment of immune function [21], which is already affected
in higher age. In older malnourished adults, this manifests as the loss of cell-mediated
immunity in particular [22], increasing the risk for infection and delaying recovery from
disease [23]. Several studies have thus shown a close relationship between malnutrition
and risk for infection, such as healthcare-associated infections [24], infectious complications
and subsequent longer stays in intensive care units (ICU) and increased ICU mortality in
older malnourished patients [25].

Wound healing as well as tissue recovery are also impaired in malnutrition, which in
part can be attributed to micronutrient deficiency [26]. This clearly predisposes older adults
to wound healing disorders and chronic wounds which are a great burden to patients as
well as associated with decreased quality of life and furthermore with higher expenditure
in the health care setting [27].

One particularity of malnutrition in older adults is that the impact appears to be more
severe than in younger adults. Studies have not only shown that changes in body compo-
sition in malnutrition occur to a greater extent in older compared to younger adults [28],
but also that recovery of low body cell mass or muscle mass is impaired in higher age
following weight loss [17]. This predisposes malnourished older adults to the risk of
developing the so-called geriatric syndromes which have been described as multifactorial
syndromes typical in higher age [29]. Geriatric syndromes greatly compromise health
status, cognitive functioning, functional ability, and compensatory capacity [29] and result
in higher mortality, albeit predominantly in the younger old [30].

2.1. Role of Malnutrition in the Geriatric Syndromes Frailty, Fatigue, Sarcopenia

Malnutrition plays an important role in the development of certain geriatric syn-
dromes. Geriatric syndromes are complex multifactorial conditions occurring in higher
age with serious implications for health [29] and have been described as “phonotypical
presentations of accumulated and underlying ageing-related dysfunctions spanning over
different organ systems” [31]. They include (but are not limited to) dementia and delirium,
depression, incontinence, fall risk, visual as well as hearing impairment, wound healing
disorders, frailty, and sarcopenia [32].

Involuntary weight loss, a hallmark of malnutrition, is inevitably associated with
loss of skeletal muscle mass, which appears to occur at a greater extent in higher age.
This increases the risk of developing sarcopenia, a phenomenon which is characterized
by the loss of both muscle mass as well as muscle strength and function. As these two
entities frequently occur together, this has led to the new term “sarcopenia malnutrition
syndrome” [33] and a need for new screening tools which reliably identify both conditions
has been voiced [34].

A phenomenon, which is often overseen in this content but nonetheless is important
in an increasingly obese society, is sarcopenic obesity [35], which describes a condition
with reduced lean mass and increased fat mass, resulting in a high-risk body composition
phenotype. This underlines the importance of evaluating muscle mass independently from
weight loss, since age-related changes in body composition such as increases in (visceral)
fat mass may well mask low lean mass. Furthermore, ectopic fat infiltration in the muscle
lowers the quality of skeletal muscle and thereby impairs muscle functionality [35].

As sarcopenia has been called the biological substrate of frailty, the close relationship
between malnutrition and sarcopenia suggests a link between malnutrition and frailty as
well. Not surprisingly, involuntary weight loss, which is an indicator of catabolism, is a
major risk factor for developing physical frailty [36]. Weight loss is therefore not only one
of five factors such as fatigue, weakness, slow gait speed and low physical activity which
constitute frailty as defined by the frailty phenotype [37], but is also linked causally to the
other four factors [36]. As such, there is a close relationship between malnutrition and
frailty which has been well documented [38], although they are considered conceptually
distinct conditions. Numerous studies have shown a significant overlap of both entities in
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hospital patients [39] and community dwelling old [40,41]. There is even evidence that the
consequences frequently attributed to malnutrition might in reality be due to the effects
of frailty. An evaluation in 2804 community-dwelling older adults from the Singapore
Longitudinal Aging Study II revealed that functional decline measured by decreased
(instrumental) activities of daily living, disability, impaired quality of life and long-term
mortality in particular was more apparent in older adults with physical frailty with or
without malnutrition [42].

Moreover, fatigue is also one of the core elements of frailty. Fatigue has been described
as a relentless exhaustion affecting the ability to carry out physical and mental activities [43]
and has been linked to age-related mitochondrial dysfunction [44,45]. Old patients with
severe involuntary weight loss at discharge from hospital had a significantly higher risk for
severe fatigue which in turn compromises post hospital recovery [46]. Nutritional status
including both malnutrition and obesity, has moreover been identified as an important
modulator of fatigue [47], and more evidence is warranted on the role of dietary approaches,
including anti-inflammatory diets, in the treatment of fatigue [48].

Due to the proposed relationship between long-term dietary patterns and cognitive
function, malnutrition has also been linked to cognitive impairment [49,50], although the
relationship is complex and difficult to disentangle and more studies are needed on this sub-
ject [50]. Similarly, there is a close interaction between malnutrition and depression [51–53],
but causality is difficult to establish, as the relation is most likely mutual.

2.2. Prognostic Impact of Malnutrition in the Old on Mortality

It is well established that malnutrition is associated with increased mortality in both
acute and chronic disease, and this effect is still observed in older adults. The risk for
both short-term mortality in acute conditions [54] as well as for long-term mortality in
chronic disease is significantly increased [55]. One large cohort study included 1767 older
individuals with a variety of disease ranging from cancer to diseases of the circulatory or
respiratory system and revealed that the increased risk of mortality due to malnutrition
existed irrespective of the cause of death [56].

3. Malnutrition: Definition and Types and How to Screen for Them

Despite an ongoing debate, there is still no universally accepted definition of mal-
nutrition [57]. Therefore, in 2016, the world’s four leading Clinical Nutrition Societies
(ESPEN, ASPEN, FELANPE, and PENSA) representing more than 70 national scientific
societies started a consensus process in order to develop criteria for malnutrition which
could be used in all clinical settings on a global scale. The resulting concept of the Global
Leadership Initiative on Malnutrition (GLIM) [58,59] was published in 2019 and considers
three phenotypic criteria for the diagnosis of malnutrition: weight loss (>5% within past
6 months, or >10% beyond 6 months), low body mass index (BMI) (<20 kg/m2 if <70 years,
or <22 kg/m2 if >70 years), reduced muscle mass (according to validated body composition
techniques), and two etiologic criteria: reduced food intake or assimilation (≤50% of energy
requirements >1 week, or any reduction for >2 weeks, or any chronic gastro-intestinal
condition that adversely impacts food assimilation or absorption), and inflammation (acute
disease/injury or chronic disease-related). It is proposed that the diagnosis of malnutrition
is based upon the presence of at least one phenotypic and one etiologic criterion, and
in a second step different thresholds of the criteria can be used for severity grading of
malnutrition. The GLIM criteria are subject of numerous ongoing validation studies. A
recently published study on community-dwelling older adults participating in a long-term
osteoporosis trial in Hongkong demonstrated that the GLIM criteria were associated with
a higher risk for sarcopenia, frailty, and mortality during a 14-year follow-up period [60].
While the GLIM criteria are not age-specific, they do include age as a risk factor among
the components. For geriatric patients, the guidelines on Enteral Nutrition in Geriatrics by
the European Society of Clinical Nutrition and Metabolism (ESPEN), have defined clinical
malnutrition as the presence of either weight loss which reflects a catabolic state (>5%
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in six months) and/or low BMI (i.e., BMI below 20 kg/m2) which represents depleted
physiological stores [61].

Nutritional risk is less well defined but commonly understood to be a condition in
which the present nutritional status is at imminent risk of impairment due to a range
of factors such as medical history, comorbidities or drugs which might increase dietary
requirements or interfere with nutrient absorption or metabolism. Further factors may
include physical, mental or cognitive status which might prevent the older person to
properly care for themselves as well as socio-economic factors which hinder access to a
varied high-quality diet [61].

Screening tools which are suitable for the use in older adults need to focus on the
most important risk factors for malnutrition in high age, in order not only to diagnose
manifest malnutrition but also to capture the risk to develop malnutrition as described
above. That way, screening tools can be used to identify patients early in order to initiate
nutritional treatment. Several screening tools have been established for the specific use in
older adults, but the most widely used and most studied instrument is the Mini Nutritional
Assessment (MNA) in its long or short form. However, due to its broad range of covered
topics, the specificity of the MNA has been questioned, as it is associated with a high risk
of “over-diagnosing” malnutrition in the old [62]. This problem might be countered by
complementing the MNA with the GLIM criteria as suggested [59].

Screening for and treating malnutrition has also been acknowledged as one of the
first necessary steps in the identification and treatment of sarcopenia [63]. Recent studies
have compared the ability of screening tools for malnutrition such as the MNA short or
long form to predict the development of sarcopenia to newer diagnostic tools such as the
GLIM criteria [58,59]. In the SarcoPhAge cohort, the GLIM criteria did predict incident
sarcopenia, whereas neither of the MNA forms did [17].

3.1. Macronutrient Deficiencies

Clinical malnutrition results from an imbalance between macronutrient intake and
requirement [64], which causes a measurable reduction in tissue and ultimately weight.
Due to the frequently insufficient protein and energy intake, it is therefore also commonly
referred to as protein-energy malnutrition (PEM) or protein-energy undernutrition (PEU).
Consequently, there is concomitant need for both adequate energy intake (25–30 kcal/kg
body weight, depending on individual situation) and higher protein intake [65]. There
is overwhelming evidence that protein requirements are generally higher in older age
(1.0–1.2 g/kg body weight) and adequate protein intake [65,66] is crucial in order to prevent
malnutrition and sarcopenia. Recommendations regarding protein intake are mainly based
on the concept of anabolic resistance, which describes an impaired capacity of the muscle to
respond to anabolic stimuli in higher age. However, protein intake in community-dwelling
older adults has been reported to be frequently well below recommended intake [67,68]
which is associated with a higher risk for the development of malnutrition.

Also, depending on the type of malnutrition and underlying disease, protein catabolism
can be pronounced. Protein requirements are therefore further increased in older adults
with malnutrition or disease (1.2–1.5 g/kg body weight) [65,66].

3.2. Micronutrient Deficiencies

One specific form of malnutrition frequent in older adults are micronutrient deficien-
cies [10,69]. In contrast to quantitative malnutrition, which is reflected by weight loss,
micronutrient deficiencies are much harder to screen for and identify, in part also due to
methodological issues such as missing suitable markers of stored or available micronutri-
ents. The majority of dietary intake surveys have, however, identified an inadequate intake
of a broad range of micronutrients in older adults [70]. Since micronutrient deficiency such
as iron (Fe), vitamins C and D, vitamins B6 and B12, as well as folic acid and the trace ele-
ment zinc (Zn), have been prominently linked to the impairment of immune function [71],
the following chapter focusses on recent findings regarding these nutrients in particular.
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The reasons for insufficient micronutrient intake vary including not only a low amount
of food, but typically also the choice of food and the lack of variety. Prices, availability of
foods rich in vitamins, trace elements and minerals can reduce the intake of micronutrients.
On the other hand, ageing is also associated with changes that facilitate deficiencies in
calcium, vitamin D, vitamin B12, Fe, magnesium, and Zn among other important nutrients.
Large studies on the micronutrient serum status in older adults are rare due to the costs
and efforts. The Population Based KORA-Age Study, a representative cohort study, recently
showed subclinical micronutrient deficiencies in community-dwelling old [69]. 52.0% of
the 1079 older study participants had a vitamin D deficiency (<50 nmol/L), 27.3% had low
vitamin B12 levels (<221 pmol/L), 11.0% had insufficient Fe levels (men <11.6 µmol/L,
women <9.0 µmol/L), and 8.7% had low folate levels (<13.6 nmol/L). Among the risk fac-
tors for the subclinical deficiencies were advanced age, frailty, lack of physical activity and
no or irregular use of dietary supplements. Dietary supplement intake is an easily modifi-
able risk factor, and recent studies have confirmed that regular use of dietary supplements
is associated with lower rates of subclinical deficiencies of nearly every micronutrient
investigated in the study [72]. Age-specific requirements are not really clear, but higher
intakes have been recommended due to the frequently impaired intestinal absorption or
distribution [73]. Also, it has recently been postulated that diet alone might not be enough
to meet the age-specific requirements of older adults, but tailored supplementation of
micronutrients might well be necessary [74], in order to e.g., support the immune function.
The intake of drugs may also interfere with the metabolism of micronutrients [75,76] which
further compounds the problem as poly-pharmacy is common in higher age.

Moreover, it is known that inflammation, which is common in older adults, affects
trace element status and their biomarkers, resulting in depleted plasma stores of Fe, Zn,
and manganese, a phenomenon which is partly known as nutritional immunity and serves
as a defence against invading pathogens [77].

Due to the multifactorial role of micronutrients in various metabolic processes as well
as immune functioning, cell proliferation and growth, signalling processes and genomic
stability, micronutrient deficiencies are in turn involved in the pathogenesis of a variety
of conditions and age-related diseases [78]. One of the most well studied trace elements
in higher age is Zn, and dietary Zn intake has also been reported to be frequently insuf-
ficient in older adults [78]. Age-associated alterations of intestinal absorption, problems
regarding chewing and swallowing, drug-interactions, and impaired subcellular processes
in Zn metabolism can further contribute to low Zn absorption and availability. In turn,
low dietary Zn intake with subsequent Zn deficiency has been linked to depressive disor-
ders [79], loss of appetite and cachexia in age-advanced old [80], and to increased muscle
catabolism via inflammatory cytokine activation [81] as well as to immunosenescence [82]
and frailty [83]. Moreover, in older adults, an inadequate intake of antioxidant micronutri-
ents such as vitamin E, carotenoids, and vitamin C has also been linked to the development
of impaired muscle strength and physical performance [84–87].

4. Prevalence of Malnutrition

Despite the body of evidence describing the personal and clinical consequences of
malnutrition and its economic impact on the health care system, malnutrition in the old
remains a considerable problem with reported high frequencies, especially in situations of
dependency [88]. This has been attributed to poor awareness and lack of time or education
in medical as well as nursing staff, but recognition and treatment of malnutrition in older
adults is undeniably a challenge even when identified early. All in all, it is estimated that
roughly a quarter of European adults over the age of 65 are at high risk of malnutrition
across various settings [89,90].

Prevalence of malnutrition, however, strongly depends on the setting, on underlying
or accompanying diseases as well as on screening and assessment methods. Numerous
studies have investigated prevalence of malnutrition in hospital and nursing home settings;
but recently, several meta-analyses have been published which also use meta-regression to
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further explore determinants. Although the specific number of malnutrition prevalence
differs between meta-analyses, the main findings are comparable, showing the lowest
percentage of malnourished individuals in the community setting and the highest per-
centage in acute and subacute care settings, higher prevalence rates in higher age as well
as sex-specific differences, as women had the highest risk. Also, region and instrument
used to identify malnutrition had a significant impact on prevalence. One systematic
review and meta-analysis of prevalence data of malnutrition and nutritional risk in older
adults across different healthcare settings showed a wide range of malnutrition from 3%
in the community setting to approximately 30% in rehabilitation and subacute care, even
though the review only included studies using the MNA [91]. This study was recently
complemented by two systematic reviews and meta-analyses [89,90]. Leji-Halfwerk et al.
included further studies using 22 malnutrition screening tools validated for use in adults
aged 65 years or more. They reported pooled prevalence rates of high malnutrition risk
across all countries and screening tools which ranged from 8.5% in the community setting
to 28.0% for the hospital [89,90]. The meta-analysis and systematic review by Crichton
and colleagues focussed on studies carried out in community-dwelling older adults who
had been assessed with Subjective Global Assessment (SGA), Patient-generated (PG)-SGA
or MNA and found clear differences across countries with low prevalence in Northern
Europe and highest in Southeast Asia. Using meta-regression, both meta-analyses reported
higher prevalence rates in adults aged above the age of 80 [89,90], in women, in patients
with one or more comorbidities and a higher prevalence of malnutrition in rural rather
than metropolitan regions [90].

Recent advances in prevalence research has also included re-evaluation of large pool
datasets using harmonized definitions of malnutrition indicators such as low BMI, weight
loss, low food intake and combinations of these. Wolters et al. were able to show varying
prevalence of malnutrition according to the different criteria used and concluded that
it might be more useful to consider the criteria separately as each may reflect a distinct
nutritional problem [92].

5. Determinants of Malnutrition

Malnutrition in older adults is of complex and multifactorial origin. A variety of
factors such as life-style factors, disease and ageing processes may be involved and inter-
action between these factors is common. Understanding risk factors is crucial in order
to address malnutrition effectively, but the complex aetiology of malnutrition is still not
perfectly understood.

In industrial countries, disease is one of the most common reasons for developing
malnutrition and the onset of malnutrition can be both acute and slow. Age in itself is
an established non-modifiable risk factor for malnutrition. Higher age is associated with
physiological changes which can potentially slowly result in or further malnutrition such
as impaired taste and smell, decreased gastric flexibility, reduced appetite, etc. As higher
age clearly increases the risk for disease, there is considerable risk for potentiation of
nutritional problems.

5.1. Modifiable Determinants of Malnutrition

Recent research has particularly focussed on the evidence of potentially modifiable
risk factors of clinical malnutrition, as targeting these risk factors is a fundamental element
in the prevention and treatment of malnutrition. A recent meta-analysis investigated
which factors are associated with incident malnutrition and identified marital situation,
hospitalisation and physical limitations as the most important predictors [93]. Another
systematic review categorized the evidence grade of thirty potentially modifiable factors
which have been associated with malnutrition; however, stating that robust evidence was
lacking for most of the studied determinants and highlighting the need for high quality
prospective studies [94].
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In a modified Delphi process, an international expert group therefore developed a
model for the theoretical framework on the aetiology of malnutrition termed DoMAP
(Determinants of Malnutrition in Aged Persons) and specifically, potential causative mech-
anisms [95]. The model construct consists of three triangle-shaped levels illustrates the
suggested direction of causality of the various risk factors for developing malnutrition.
Malnutrition is at the inner core of the DoMAP model surrounded by different layers of
risk factors. The immediate layer consists of the three principal conditions which result in
malnutrition (low intake, increased requirements, and impaired nutrient bioavailability).
The next layer consists of the factors which are believed to directly cause one of these condi-
tions and the outermost level presents factors which impact the direct factors and indirectly
cause one of the three main conditions. By illustrating the sequence of events which can
cause malnutrition the DoMAP model offers a better understanding of the aetiology which
can be used both in research as well as in clinical routine. By addressing factors, which can
potentially impact the three principal components and thus cause malnutrition, the model
also offers the possibility of early identification of patients at risk for malnutrition.

5.2. Age-Associated Changes as Risk Factors

Physiological factors which may precipitate malnutrition in higher age include sensory
impairment such as diminished taste or olfactory dysfunction, delayed gastric emptying,
and disturbed motility leading to a functional decline of the ageing gut [96]. Ageing
is therefore also associated with an increase in colonic transit time, increased intestinal
permeability, and, ultimately, altered intestinal microbiota [97], which includes loss of
biodiversity, enrichment in opportunistic pathogens, and concomitant reduction of health-
associated species, such as short chain fatty acid producing species [98]. The changes in
the microbiome have recently been implicated in the development of loss of appetite and
frailty and as such are also potentially promoting malnutrition [99,100], but more studies
are needed in this context.

Moreover, a decrease in gastrointestinal hormones (e.g., ghrelin), with concomitant
adverse changes in anorectic signalling (e.g., neuropeptide Y, peptide YY (PYY), orexin
A, leptin, cholecystokinin (CCK)) [101–103] leading to an altered appetite regulation in
higher age have been described. While ghrelin is the only appetite-enhancing peptide,
other hormones such as CCK and PYY for instance are recognized as relevant mediators
in satiety. Those gut-derived peripheral hormones as well as systemic insulin, glucose
and fatty acid levels regulate central appetite and hunger in the hypothalamic region in
a feedback loop [104–106]. As has been shown in a postprandial setting with 14 frail and
20 non-frail old (>70 years) as well as 19 young adults (20–65 years), older persons have
higher levels of fasting insulin and glucose as well as increased and prolonged postprandial
insulin, glucose and CCK levels compared to younger adults [107]. Furthermore, frail older
persons exhibited significantly less hunger in the fasting condition and impaired gastric
emptying and gallbladder contraction in the postprandial period [107]. Similarly, in a small
study, the suppressed postprandial hunger in the old was paradoxically accompanied by
sustained ghrelin levels [108].

Last but not least, in the case of reduced smell and taste, the reward system in the
central nervous system (CNS) is hampered in the perception of pleasure associated with
palatable foods [109] which may in turn further decrease dietary intake.

Some of the pathway dysregulations can be attributed to the chronically elevated
inflammation observed in higher age since enhanced cytokine levels (e.g., tumour necro-
sis factor alpha (TNF-α), interleukin (IL)-1β) are able to affect appetite regions in the
CNS [103,110]. The resulting loss of appetite and early satiety seen in older adults has been
termed “anorexia of aging” and leads to an insufficient food intake with a higher risk for
both quantitative and qualitative malnutrition [111,112]. One risk factor for anorexia in
healthy older adults is, not surprisingly, ageing itself [113]. Furthermore, body weight dis-
satisfaction, which might lead to avid dieting, weight loss and eating disorders, is frequent
in older adults [114] and has been studied as possible precursor of appetite loss. Ultimately,
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anorexia of ageing has even been proposed to be a geriatric syndrome [115] as it signifi-
cantly and independently affects nutritional und functional status in the old [116,117].

Postprandial regulation in older adults has gained increasing attention in the last
decade, especially with regard to muscle protein synthesis. In the old, a blunted postpran-
dial muscle protein synthesis in response to dietary protein has been described [118–120],
whereas the basal muscle protein synthesis does not appear to be affected [121]. Moreover,
the lower protein balance response to hyperinsulinemia in older adults indicates insulin
resistance of protein metabolism [122]. The so-called anabolic resistance, i.e., an impaired
capacity of the muscle to respond to anabolic stimuli (such as dietary protein and resis-
tance exercise) seen in higher age serves as one explanation leading to a slow onset of
sarcopenia [123].

Recent research has also focussed on postprandial regulation of metabolic param-
eters. Age-related changes in postprandial glucose and insulin have been well estab-
lished [107,124], but more recently, age-specific changes in the postprandial dynamics of
fibroblast growth factor 21 (FGF21) have also been shown, resulting in considerably higher
values in older compared to younger adults [125]. FGF21 is an important metabolic param-
eter which regulates glucose and lipid metabolism, but higher levels in older adults are
paradoxically associated with higher mortality [126] and have been implicated in the loss
of muscle [127,128] and bone mass [129] as well as in the cachexia anorexia syndrome in
old hospitalized patients [130]. Altered postprandial regulation of FGF21 might contribute
to explain the higher values. Similarly, concentrations of adiponectin, a mediator of FGF21
functions increase with age [131] and are also associated with all-cause mortality in the
old [132]. Again, alterations in postprandial adiponectin response have been shown in
higher age which were positively associated with the FGF21 response [133].

Taken together, in contrast to disease-related mechanisms such as catabolism, which
can result in acute weight loss and malnutrition, altered appetite regulation in higher age
and changes in postprandial metabolism are associated with gradual changes that may
not necessarily result in manifest malnutrition but contribute to or exacerbate existent
nutritional problems and facilitate nutritional deficiencies.

5.3. Inflammaging as a Risk Factor for Malnutrition

Under physiological conditions, inflammatory processes represent a desired, strictly
controlled and usually self-limiting reaction. However, chronic inflammation has long-
term negative effects on the entire system. Increasing knowledge indicates that ageing
is accompanied by slightly but chronically elevated inflammation levels. This sterile and
silent inflammation in old adults has been termed “inflammaging” [134]. Inflammaging has
since been investigate a whole range of age-related diseases within the so-called “network
theory of aging”. Recently, in the pandemic of coronavirus disease 2019 (COVID-19),
inflammaging gained additional attention in view of the observed cytokine storm and
autoimmunity during infection among older patients, which can result in multiple organ
failure and is in general associated with a worse disease outcome [135,136] and of course
potentially increases the risk for malnutrition, though data are lacking [137]. This severe
systemic inundation of cytokines might be further triggered by the dysregulated immune
system in old age (immunosenescence), which is expressed in an imbalanced homeostasis
of pro- and anti-inflammatory mediators [135].

Although underlying mechanisms are still not fully elucidated, inflammaging has
been characterized as a chronic low-grade inflammatory status, which not only is re-
flected by higher pro-inflammatory levels, but by a remarkable imbalanced cytokine
network [138,139]. Research in centenarians has shown that they have less burden of the
typical age-related (co-) morbidities and that those “long-livers” have better immuno-
logical coping strategies which are attributed to a balanced and more anti-inflammatory
system [4,139]. The senescence-associated secretory phenotype (SASP) is considered to sup-
port key cellular processes in inflammaging, since the secretion of those pro-inflammatory
mediators do not only disrupt local tissue structures and functions, but primarily perpetu-
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ate the vicious inflammatory circle. Further, accumulation of waste products or inadequate
elimination of cellular damage, as well as age-associated mitochondrial damages that result
in a higher release of reactive oxygen species and extracellular release of mitochondrial
DNA in particular, belong to the damage-associated molecular pattern which activates the
innate immune system [140,141].

Meanwhile, it is widely recognized that inflammaging is partly responsible for trig-
gering many age-related diseases, e.g., Alzheimer’s Disease (“neuroinflammation”) [142],
atherosclerosis and cardiovascular events [143,144], type 2 diabetes mellitus (“metaflamma-
tion”) [145], (osteo-) sarcopenia and frailty [146,147] as well as cancer [148–150]. Therefore,
there is considerable potential that inflammaging also contributes to an impaired nutri-
tional status [151], but more studies are needed to explore the relationship. In the old,
increased levels of pro-inflammatory cytokines have early on been associated with cachexia
(“geriatric cachexia”) [152]. Cachexia is a well described complex wasting syndrome which
is driven by inflammation and reflected by a striking loss of skeletal muscle mass and func-
tion [153]. It is the most pronounced condition within the disease-related PEM spectrum
and occurs in catabolic disease such as cancer, chronic kidney disease, HIV/AIDS, chronic
obstructive pulmonary disease. Pro-inflammatory cytokines, such as TNF-α, initially called
“cachectin” [154] and IL-6, also known as the “cytokine for gerontologists” [155,156], play
a dominant role in this phenomenon. The underlying inflammatory processes actively fuel
the muscle protein breakdown via pro-inflammatory cytokines (TNF-α, IL-6, IL-1β) which
on the one hand stimulate the ubiquitin-proteasome signalling pathway, while on the other
hand inhibiting anabolic pathways [157]. Although cachexia is generally associated with
severe disease, there is definite overlap in the mechanisms that have been used to explain
malnutrition in the old caused by inflammaging [158] and in geriatric cachexia [152]. In-
flammatory and related immunological processes in older persons is clearly associated
with a higher risk for malnutrition (as indicated by the MNA) [158].

Taken together, the aetiology of malnutrition is complex, and a multitude of risk
factors can contribute to or aggravate the development of malnutrition as illustrated in
Figure 1. While it is important to further understand age-associated changes which impact
nutritional intake, nutrient absorption, digestion and metabolism, many of these factors are
not easily identified or modified. They, however, need to be accounted for when assessing
the risk for malnutrition and in the concept of treatment.

6. Treatment of Malnutrition

Acknowledging the different and complex risk factors, which can result in or aggravate
malnutrition or contribute to the risk of developing it, it becomes clear that treatment
of malnutrition is as complicated and challenging. Dependent on both setting and the
situation of the older adult, different therapy approaches are warranted.

Regarding the overwhelming evidence that protein requirements are higher in older
age [65,66], adequate protein with appropriate energy intake is crucial in order to prevent
malnutrition and sarcopenia. Further, due to the frequent micronutrient deficiencies in
higher age, targeted supplementation of micronutrients might be useful, when diet alone
is not sufficient to meet the age-specific requirements. However, there are still considerable
gaps concerning the evidence of non-pharmacological treatment of malnutrition.

Available studies so far have delivered conflicting evidence on the benefits of nutri-
tional theory. Recently, an international panel of nutrition experts identified the shortcom-
ings of these studies which include heterogeneous study populations and too short or
varying treatment duration as well as issues relating study methodology such as inade-
quately described control group and no placebo, no blinding of study personnel, frequently
no intention-to-treat-analyses as well as selective outcome presentation [13]. Therefore, it
remains unresolved which interventions are most effective in which patient groups and
whether specific approaches are needed depending on the aetiology of malnutrition [13].



Nutrients 2021, 13, 2764 11 of 20
Nutrients 2021, 13, x FOR PEER REVIEW 11 of 21 
 

 

 

Figure 1. Model of downward spiral in the development of malnutrition in higher age. 

6. Treatment of Malnutrition 

Acknowledging the different and complex risk factors, which can result in or aggra-

vate malnutrition or contribute to the risk of developing it, it becomes clear that treatment 

of malnutrition is as complicated and challenging. Dependent on both setting and the sit-

uation of the older adult, different therapy approaches are warranted. 

Regarding the overwhelming evidence that protein requirements are higher in older 

age [65,66], adequate protein with appropriate energy intake is crucial in order to prevent 

malnutrition and sarcopenia. Further, due to the frequent micronutrient deficiencies in 

higher age, targeted supplementation of micronutrients might be useful, when diet alone 

is not sufficient to meet the age-specific requirements. However, there are still considera-

ble gaps concerning the evidence of non-pharmacological treatment of malnutrition. 

Available studies so far have delivered conflicting evidence on the benefits of nutri-

tional theory. Recently, an international panel of nutrition experts identified the short-

comings of these studies which include heterogeneous study populations and too short 

or varying treatment duration as well as issues relating study methodology such as inad-

equately described control group and no placebo, no blinding of study personnel, fre-

quently no intention-to-treat-analyses as well as selective outcome presentation [13]. 

Therefore, it remains unresolved which interventions are most effective in which patient 

groups and whether specific approaches are needed depending on the aetiology of mal-

nutrition [13]. 

A recent meta-analysis, which did not find convincing evidence of the use of oral 

nutritional supplements in the treatment of malnutrition in older patients, also high-

lighted the need for more and larger trials to identify suitable and effective interventions 

Figure 1. Model of downward spiral in the development of malnutrition in higher age.

A recent meta-analysis, which did not find convincing evidence of the use of oral
nutritional supplements in the treatment of malnutrition in older patients, also highlighted
the need for more and larger trials to identify suitable and effective interventions for
treating malnutrition [159]. Pooling data from 9 randomized controlled trials from different
care settings [160], Reinders and colleagues found evidence that dietary counselling with
or without oral nutritional supplements was more effective across the settings than oral
nutritional supplements alone, but the outcome parameters included merely energy intake
and body weight, and no other relevant outcome parameters such as improved muscle
strength or function were considered.

7. Remaining Challenges

Despite the overwhelming evidence regarding the negative outcome of malnourished
older adults, there are still many remaining challenges in the understanding, identification
and treatment of malnutrition in older adults. They concern both the prevention of slow
onset age-associated malnutrition as well as the treatment of disease-related malnutrition.
Figure 2 summarizes open questions and remaining challenges in this field.
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One particular concern regarding the prevention of malnutrition is that some nu-
tritional requirements are not well established in higher age. Micronutrient and trace
element concentrations have been shown to change with age [74] and have even been
implicated to play a role in the ageing processes [161]. Changes in body composition and
physical activity may lower energy requirements, but not the requirements of nutrients in
general. In order to ensure a sufficient supply of essential nutrients, this requires a high
nutrient density in the diet. Therefore, requirements of micronutrients which are frequently
deficient in older adults, clearly need elucidation given their multifactorial role in pro-
moting health. Also, while the need for some nutrients may change in higher age, ageing
processes themselves may impact the requirements of certain nutrients, in particular in
the presence of inflammation. As inflammation alters the trace element profile (increasing
copper, decreasing selenium and Zn among other trace elements), an inflammation adapted
intake of these trace elements may be necessary. However, more research is needed to
elucidate inflammation related needs of the older population and the possible benefit of a
tailored supplementation. Furthermore, as higher age is frequently associated with disease,
disease-specific nutrient requirements may further complicate the picture.

Taken together, a need to critically appraise current nutrient recommendations for
the older age group has been identified, and the WHO has been challenged to issue
guidelines [162]. There is also an increasing demand worldwide for WHO guidelines
which competent national authorities can use to address the nutritional needs of their
growing older populations [70].

Moreover, although recent research on determinants of malnutrition has added consid-
erable new evidence, the impact of ageing-related changes on the long-term development
of malnutrition, still needs further elucidation. One example is the ageing gut and its



Nutrients 2021, 13, 2764 13 of 20

altered microbiome, which have gained attention in the last years. Emerging technologies,
such as e.g., high-throughput culturing, will further the research on ageing microbiome, so
its role in the development of malnutrition might soon be elucidated. Novel dietary ap-
proaches which modulate the ageing microbiome such as the Mediterranean diet [163] are
of interest in the prevention of malnutrition, and more studies are warranted. Considering
the importance of muscle mass maintenance [164], nutritional intervention needs to focus
on muscle mass and also, needs to be combined with exercise. Therefore, more studies on
nutritional therapy together with different kinds of exercise regimen are clearly needed.

Lastly, not only the prevention of malnutrition, but also the topic of treatment of
malnutrition needs more research, in terms of well-designed and adequately powered
clinical trials in order to ensure sufficient statistical power to identify true treatment effects.
Moreover, relevant outcome parameters need to be included, and a careful selection of tar-
get populations with well-defined malnutrition is necessary. Also, more research is needed
for treatment approaches which specifically target the underlying causes of malnutrition
themselves [165] i.e., causative treatment. This, however, not only requires a longer time
frame and a broader inter-disciplinary approach, but more research regarding the most rele-
vant causes and their common pathophysiology which would allow a “causation-oriented”
multimodal treatment [13].

8. Conclusions

Taken together, more research is needed to understand which ageing-related changes
are early predictors/precursors of malnutrition that in turn can be addressed in order to
prevent the development of nutritional deficiencies. For clinically manifest malnutrition,
more studies need to be performed in older adults in order to identify the suitable treatment
for the various settings.
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COVID-19 coronavirus disease 2019
DoMAP Determinants of Malnutrition in Aged Persons
DNA deoxyribonucleic acid
ESPEN European Society of Clinical Nutrition and Metabolism
Fe iron
FELANPE Federación Latinoamericana de Terapia Nutricional, Nutrición Clínica y Metabolismo
FGF21 fibroblast growth factor 21
GLIM Global Leadership Initiative on Malnutrition
HIV/AIDS human immunodeficiency virus/acquired immunodeficiency syndrome
ICU intensive care unit
IL interleukin
MNA Mini Nutritional Assessment
PENSA The Parenteral and Enteral Nutrition Society of Asia
PEM protein-energy malnutrition
PEU protein-energy undernutrition
(PG-) SGA (Patient-Generated) Subjective Global Assessment
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TNF-α tumour necrosis factor alpha
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