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Background
Malnutrition and frailty are two geriatric 
syndromes that significantly affect inde-
pendent living and health in community-
dwelling older adults. Although the  
pat  hophysiology of malnutrition and phy-
sical frailty share common pathways, it is 
unknown to what extent these syndromes 
overlap and how do they relate to each 
other. 

Methods
A systematic review was performed result-
ing in a selection of 28 studies that assessed 
both malnutrition and frailty in community-
dwelling older adults. Furthermore, a meta-
analysis was performed on 10 studies that 
used Mini Nutritional Assessment (MNA) 
and the Fried frailty phenotype to estimate 
the prevalence of malnutrition within physi-
cal frailty and vice versa.

Results
In the systematic review, 23 of the 28 studies 
focused on the physical frailty phenotype, of 
which 19 followed the original Fried pheno-
type. For malnutrition screening, 25 studies 
used the MNA (long or short form). Fifteen 
studies analyzed the association between 
malnutrition and frailty, which was signi-
ficant in 12 of these. The meta-analysis 
included 10 studies with a total of 5447 
older adults. In this pooled population of 
community-dwelling older adults (mean 
(SD) age: 77.2 (6.7) years), 2.3% were charac-
terized as malnourished and 19.1% as physi-
cally frail. The prevalence of malnutrition 
was significantly associated with the preva-
lence of physical frailty (p<0.0001). However, 
the syndromes were not interchangeable: 
68% of the malnourished older adults was 
physically frail, whereas only 8.4% of the 
physically frail population was malnour-
ished. 

Conclusions
The systematic review and meta-analysis 
revealed that malnutrition and physical 
frailty in community-dwelling older adults 
are related, but not interchangeable geriatric 
syndromes. Two out of three malnourished 
older adults were physically frail, whereas 
close to 10% of the physically frail older 
adults was identified as malnourished. 

INTRODUCTION

As the global population ages, there is 
increasing attention for geriatric syndromes, 
which significantly impact independent 
living, quality of life, and health care con-
sumption. Malnutrition and frailty are two 
important geriatric syndromes in commu-
nity-dwelling older adults, and both have a 
clear nutrition-related component. 
Malnutrition is defined by the European 
society for clinical nutrition and metabolism 
(ESPEN) as “a state resulting from lack of 
uptake or intake of nutrition causing altered 
body composition (decreased fat free mass 
and body cell mass), leading to diminished 
physical and mental function and impaired 
outcome from disease” (1, 2). In older adults, 
malnutrition has been shown to contribute 
to loss of autonomy, lower quality of life, 
higher frequency of hospital admissions and 
mortality (3). Several nutritional screening 
tools are being used to detect malnutrition. 
Among the most commonly used tools are 
the MUST (4), MNA (3), SGA (5), SNAQ (6), and 
NRS-2002 (7). Weight loss and nutritional 
intake are common domains in most tools. 
For free-living older populations, the MNA is 
a well-established and widely used tool (3) 
that assesses nutritional intake, involuntary 
weight loss, mobility, psychological stress or 
acute disease, neuropsychological problems, 
and BMI or calf circumference. Patients are 
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categorized into one of three categories: 
normal nutritional status, at risk of malnutri-
tion, or malnourished. 
Frailty is the cumulative decline across multi-
ple physiological systems, which increases 
an individual’s vulnerability for developing 
dependency, morbidity and/or mortality 
when exposed to a stressor (8, 9). Several 
domains within the frailty context can be 
distinguished, among others physical and 
cognitive impairment, psychological risk 
factors, and social determinants (10, 11). 
Some of the frailty tools exploit a more holis-
tic approach, including co-morbidities and 
mental characteristics, e.g. the Rockwood 
Frailty Index (10), or the Tilburg Frailty Index 
(12). Specifically, physical frailty has been 
defined as “a medical syndrome with multi-
ple causes and contributors that is character-
ized by diminished strength, endurance, and 
reduced physiologic function that increases 
an individual’s vulnerability for developing 
increased dependency and/or death” (9). The 
most studied physical frailty model is the 
Physical Frailty Phenotype developed by 
Fried et al. (13), consisting of 5 domains: 
weight loss, exhaustion, weakness, slowness, 
and reduced physical activity. This tool clas-
sifies patients as either robust (none of the 
domains below threshold), pre-frail (one or 
two domains below threshold), or frail (three 
or more domains below threshold). Several 
scales have been developed that are derived 
from this phenotype model, including the 
Study of Osteoporotic Fractures scale (SOF) 
(14) and the FRAIL scale (15). 
Malnutrition and physical frailty share 
common pathophysiology and screenings 
tools include overlapping items, such as 
weight loss and impaired physical function. 
Furthermore, malnutrition holds an impor-
tant place within the conceptual physical 
frailty phenotype developed by Fried et al 
(13). Weight loss is seen as a modifiable risk 
factor for physical frailty (16). Therefore, 

debate exists about how close the link 
between both syndromes is, and to what 
extent they co-exist or are overlapping phe-
nomena.
Our aim was to assess whether malnutrition 
and frailty in community-dwelling older 
adults are associated and/or interchangeable 
syndromes. Therefore, we systematically 
reviewed studies that assessed both syn-
dromes. Furthermore, we performed a meta-
analysis to estimate the prevalence of 
malnutrition within physical frailty and vice 
versa, based on the studies that used MNA 
and Fried physical frailty phenotype. 

METHODS
Literature search
We searched for studies (both full text and 
abstracts) assessing both malnutrition and 
frailty in community-dwelling older adults. 
PRISMA principles were followed in the sys-
tematic review and meta-analysis (17). 
Records were retrieved through Pubmed 
(1900-2016), Medline (1946-2016), Embase 
(1947-2016) and CAB Abstracts (1910-2016). 
Records from Medline, Embase and CAB 
Abstracts were retrieved using the following 
search terms: Ti,ab((malnutrition OR mal-
nourish* OR “nutritional status” OR under-
nourish*) AND (frailty OR frail OR physical* 
p/0 frail* OR “pre-frail” OR “pre-frailty”) AND 
(elderly OR “older people” OR “older adults” 
OR aged OR aging OR ageing OR “old age”  
OR retired OR pensioner* OR geriatric*)), 
whereas records from Pubmed were re -
trieved using the following search terms: 
Ti,ab((malnutrition OR malnourish OR mal-
nourished OR “nutritional status” OR under-
nourish OR undernourished) AND (frailty OR 
frail OR “physically frail” OR “physical frailty” 
OR “pre-frail” OR “pre-frailty”) AND (elderly 
OR “older people” OR “older adults” OR aged 
OR aging OR ageing OR “old age” OR retired 
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OR pensioner OR pensioners OR geriatric OR 
geriatrics OR geriatrician)). The search was 
limited to titles and abstracts only, without 
restriction for language or publication date. 
The last search was run on 4 May 2016 
(Medline, Embase and CAB Abstracts) and on 
30 May 2016 (Pubmed). Duplicate records 
were removed. The search and selection 
process is summarized in Figure 1. 

Systematic review
A total of 727 unique records were retrieved 
using the search strings described above. 
The first selection was made by two investi-
gators (SLJW, DS) independently in a stand-

ardized manner, by screening titles and 
abstracts. Inclusion criteria for the first selec-
tion were: containing both a) screening for 
malnutrition and b) frailty assessment. Based 
on these criteria, 89 potentially eligible 
records were identified. Subsequently, full 
text articles or abstracts, if the results were 
not published as full articles, were reviewed 
independently in a standardized manner by 
3 authors (SV, SLJW and GCLM). Disagree-
ments between reviewers were resolved by 
consensus. Articles were excluded in this 
second step if they focused on: a) study 
populations selected for a specific disease, b) 
institutionalized study populations, c) hospi-

Figure 1: PRISMA flowchart of study selection for systematic review and meta-analysis

* Codes represent reason for in- and exclusion meta-analysis, detailed in Table 1 
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talized study populations, or if d) no results 
were available on frailty and/or malnutrition 
status, and if e) the same population was 
described in other articles.
A total of 28 studies were included in the 
systematic review (18-45). GCLM extracted 
data regarding study design, country, selec-
tion method, sample size and gender, age, 
malnutrition tool and status, frailty tool and 
status, and results on association regarding 
malnutrition and frailty, as presented in table 
1. This was checked independently by SLJW 
and SV; any disagreement was resolved 
through discussion.

Meta-analysis    
Selection
Studies were excluded if participants were 
pre-selected for malnutrition or frailty (6 
studies, (22, 31, 35, 40, 42, 45)), since the aim 
of the current study was to analyze a general 
“representative” community-dwelling popu-
lation. Moreover, it was shown that different 
or adapted screening tools introduce varia-
tion, which made it impossible to compare 
prevalence rates among studies (46). Since 
most studies applied the MNA (long or short 
form) and Fried phenotype to classify nutri-
tional status and physical frailty, respectively, 
we decided that only the 13 studies that 
applied the MNA, together with the Fried 
phenotype were eligible for inclusion in the 
quantitative meta-analysis (19, 20, 24, 25, 28, 
29, 32-34, 36, 38, 39, 43). 
For selected studies, additional data were 
requested from the authors if not provided 
in the original article. We asked for absolute 
numbers of participants in nutritional status 
categories ‘normal’, ‘at risk of malnutrition’ 
and ‘malnourished’ and the physical frailty 
categories ‘robust’, ‘pre-frail’ and ‘frail’ (19, 25, 
28, 32-34, 36, 38, 39, 43) and mean age (±SD) 
of the population (20, 24, 43). Three authors 
provided data of more (36) or fewer (38, 43) 
participants than included in the article. In 

those cases, the numbers provided by the 
authors were used for the meta-analysis 
(table 2), and explicated in the footnotes.  
For three studies, we did not receive the 
re quested data. As a result, 10 studies, which 
have all been published as full articles, 9 in 
English, one in Spanish, were included (19, 
20, 24, 29, 33, 34, 36, 38, 39, 43) in the meta-
analysis. 

Statistics
Both malnutrition and physical frailty con-
sisted of three ordered categories: normal 
nutritional status, at risk of malnutrition and 
malnourished versus robust, pre-frail and 
frail, respectively. Therefore, we applied the 
Cochran-Mantel-Haenszel test to analyze 
the association between physical frailty and 
nutritional status per study with ‘no associa-
tion’ as 0-hypothesis and ‘general associa-
tion’ as alternative hypothesis. The same 
was tested after pooling the ten selected 
studies by using the stratified Cochran- 
Mantel-Haenszel test with ‘study’ included as 
stratum. The association between physical 
frailty and nutritional status was regarded as 
significant when p-values were < 0.05. 
 

RESULTS
Systematic review
Characteristics of the 28 studies included in 
the systematic review are summarized in 
Table 1. For malnutrition screening, 25 
studies used the MNA (long or short form); 
the other three studies used Mini Nutritional 
Status, DETERMINE, and Dietary Screening 
Tool. In 23 of the studies, the physical frailty 
phenotype was studied, of which 19 fol-
lowed the original Fried phenotype; the 
other studies used modified Fried criteria, 
SOF (2x) and FRAIL scale. The remaining five 
studies followed a broad frailty model, using 
the TFI (2x), Edmonton, Rockwood, and 
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Figure 2: Pooled prevalence of physical frailty and nutritional status in categories  
(number and percentage of the total n=5447 (=100%) is depicted)

Kihon, which included more than only physi-
cal characteristics. Fifteen studies addressed 
the association between malnutrition and 
frailty (18, 20-24, 28-30, 32-34, 37, 41, 45). In 
12 of these 15 studies, the authors concluded 
that there was a significant association 
between malnutrition and frailty (18, 20-24, 
28, 29, 32-34, 41). Six studies indicated a 
causal relationship as malnutrition was con-
sidered to be a risk factor for the develop-
ment of frailty (18, 21, 24, 32, 34, 41)

Meta-analysis 
A total of 5447 older adults from 10 studies 
(19, 20, 24, 29, 33, 34, 36, 38, 39, 43) was 
included in the meta-analysis. Mean age of 
the analyzed population was 77.2 (6.7) years. 
In this pooled population of community-
dwelling older adults, 128 (2.3%) were char-
acterized as malnourished and 1036 (19.0%) 
as at risk for malnutrition; 1041 (19.1%) as 
physically frail and 2810 (51.6%) as pre-frail.

The Cochran-Mantel-Haenszel tests of the 
individual study data and after pooling of 
the ten selected studies showed that the 
prevalence of malnutrition was significantly 
associated with the prevalence of physical 
frailty (p<0.0001) (Table 2). 
Figure 2 shows the pooled results regarding 
the classifications of nutritional status versus 
physical frailty in these community-dwelling 
older adults. The prevalence of physical 
frailty was higher when nutritional status 
was less favorable: 11.9% frail in the well-
nourished group (510/4283), 42.9% frail in 
the group that is at risk of malnutrition 
(444/1036), and 68.0% frail in the malnour-
ished group (87/128). 
The prevalence of malnutrition was higher in 
more physically frail groups, although with 
lower rates: 0.5% malnutrition in the robust 
group (8/1596), 1.2% in the pre-frail group 
(33/2810), and 8.4% in the frail group 
(87/1041). The prevalence of risk of malnutri-
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tion was 7.7% in the robust group (123/1596), 
16.7% in the pre-frail group (469/2810), and 
42.7% in the frail group (444/1041).

DISCUSSION 

The results from the systematic review (28 
studies) and meta-analysis (10 studies) 
suggest that malnutrition and physical frailty 
are related, but not interchangeable syn-
dromes in the community setting. Older 
malnourished people with an average age of 
77 years were likely to be physically frail, but 
only a small percentage of the physically frail 
older people in the community was identi-
fied as malnourished. 

General prevalence of malnutrition 
and physical frailty in the community
The pooled prevalence in the current meta-
analysis revealed an overall malnutrition 
prevalence of 2.3% and risk of malnutrition 
prevalence of 19.0% in community-dwelling 
older adults. These findings are comparable 
to the pooled prevalence of malnutrition of 
3.1% and risk of malnutrition of 26.5% found 
in a recent meta-analysis by Cereda et al. 
(47). 
Regarding physical frailty, Kane et al. (48) 
showed an overall physical frailty prevalence 
of 14% in pooled data of 123 studies in com-
munity-dwelling adults above 65 years of 
age. A systematic review by Collard et al. (49) 
showed a pooled physical frailty prevalence 
of 9.9% in 44,894 community-dwelling older 
participants (≥65 years) and clearly indicated 
a significant increase in prevalence with age. 
In our systematic review, most of the studies 
we included report physical frailty per-
centages above 10%, which resulted in a 
pooled prevalence of 19.1% in the meta-
analysis. The relative old age of the popula-
tions studied might explain this higher 
prevalence. Several of the studies within the 

systematic review showed a substantially 
higher prevalence of physical frailty, mainly 
because of the use of different frailty-tools 
(21, 44), or the pre-selection of participants 
for frailty (31, 42) or malnutrition (35).

Prevalence of physical frailty in  
malnourished older adults
The results of the current meta-analysis 
showed that two thirds (68%) of the mal-
nourished older adults were also physi-
cally frail, and a quarter (25.8%) pre-frail. 
Thus, malnutrition is a relevant contributor 
towards increased vulnerability for develop-
ing negative health outcomes, loss of in -
dependency and mortality, as suggested 
previously (20, 21). Improving nutritional 
intake seems to be a prerequisite to manage 
these malnourished patients and their dis-
eases. Care plans, adequate provision of 
food, and optimizing stimuli for appetite are 
essential (50). A protein intake of 1.2 to 1.5 g/
kg body weight/day is recommended for a 
geriatric frail population (51) in combination 
with an adequate amount of energy to main-
tain energy balance. These recommenda-
tions are particularly challenging for already 
malnourished people.

Prevalence of malnutrition in  
physically frail older adults
On the other hand, the results of the meta-
analysis indicated that less than 10% of the 
physically frail community-dwelling persons 
aged 75 to 80 years was malnourished. 
Moreover, half of the total community-dwell-
ing older population displayed a normal 
nutritional status while being pre-frail (42%) 
or frail (9%). Despite their normal nutritional 
status overall, these (pre-) frail older adults 
might still have inadequate intake of certain 
nutrients, such as protein and vitamin D, so 
called qualitative malnutrition (50). 
In addition to malnutrition, another key 
element of physical frailty is considered to 
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be sarcopenia, which is the age-related 
decline of muscle mass, strength, and func-
tion (52). The muscle is the biological sub-
strate for both physical frailty and sarcopenia. 
Muscle loss leads to functional decline, such 
as impaired walking speed and muscle 
weakness (52). Therefore, pre-frail and frail 
people may benefit from targeted interven-
tions to maintain or improve muscle mass 
and function. Resistance exercise is the fore-
most strategy to offset sarcopenia (53). In 
addition, there are indications that such 
interventions would be augmented by a 
combination with an adequate protein 
intake of 20 to 40 grams of protein after each 
session to optimize the effectiveness of the 
training (51, 54).

Strengths and limitations
A strength of this systematic review and 
meta-analysis is the systematic approach 
following the PRISMA principles. The sys-
tematic review revealed that the majority of 
studies that assessed both malnutrition and 
frailty in community-dwelling older adults 
used the Fried phenotype and MNA respec-
tively. That allowed us to compare the sub-
classes of malnutrition and physical frailty in 
a meta-analysis using a 3x3 approach, which 
provided quantitative insights in the at-risk 
populations as well. On the other hand, the 
limitation of that approach was that studies 
that used other screening tools could not be 
included in the meta-analysis.
The studies that described a pre-selection of 
participants based on the presence of either 
malnutrition or frailty, were not included in 
the meta-analysis. We cannot exclude, how-
ever, that the participants in the in  cluded 
population based studies in the meta-analy-
sis did show some level of pre-selection due 
to a recruitment bias, which might provide 
an explanation for the high overall preva-
lence of physical frailty in the meta-analysis. 
Furthermore, we did not include the psycho-

logical and social components of frailty in 
the scope of our search, which may also be 
associated with an inadequate dietary intake 
in the community-dwelling elderly. 

CONCLUSIONS

This systematic review and meta-analysis 
indicated that malnutrition and physical 
frailty often coincide in community-dwell-
ing elderly with a potentially detrimental 
impact on independent living, co-morbidi-
ties, and thus on quality of life. The preva-
lence of physical frailty, however, is much 
higher than the prevalence of malnutrition, 
20% versus 2.5% respectively, indicating 
that these syndromes are not interchangea-
ble. Moreover, two out of three malnour-
ished older adults were physically frail, 
whereas close to 10% of the physically frail 
older people in the community was identi-
fied as malnourished. 
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TABLES chapter 2

Table 2: Analysis of the association between malnutrition and physical frailty for individual 
studies and pooled data in the meta-analysis

Cochran-Mantel-Haenszel test

Paper n Age
(mean (SD))

DF Value P-value

Beaudart, 2015 (19) 534 73.5 (6.2) 4 65.274 <.0001

Bollwein, 2013 (20) 206 83 (75-96)* 2 41.552 <.0001

Eyigor, 2015 (24) 1126 Not disclosed 4 190.802 <.0001

Jürschik, 2014 (29) 512† 81.2 (5.0) 4 94.566 <.0001

Martinez Reig, 2014 (33) 678 78.0 (5.7) 4 86.938 <.0001

Maseda, 2016 (34) 749 75.8 (7.2) 4 38.510 <.0001

Papiol, 2015 (36) 298‡ 80.3 (3.5) 4 18.046 0.0012

Ruiz-Arregui, 2013 (38) 583§ 79.5 (7.1) 4 93.555 <.0001

Satake, 2015 (39) 164 76.4 (6.2) 4 18.740 0.0009

Turusheva, 2016 (43) 597|| 74.5 (5.9) 4 53.887 <.0001

Pooled data 5447 77.2 (6.7)¶ 4 628.160 <.0001

 * Median (min-max) presented, as mean (SD) was not available
† Combined data available for 512 older people
‡ n=126 described in article, supplemental data obtained from author 
§ n=1124 described in article, data obtained from author contained less subjects 
|| n=611 described in article, data obtained from author contained less subjects 
¶ Based on n=4115, Bollwein and Eyigor excluded as no mean (SD) was available
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