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Abstract

Background Lower protein intake in older adults is associated with loss of muscle mass and strength. The present study aimed
to provide a pooled estimate of the overall prevalence of protein intake below recommended (according to different cut-off
values) among community-dwelling older adults, both within the general older population and within specific subgroups.
Methods As part of the PRevention Of Malnutrition In Senior Subjects in the EU (PROMISS) project, a meta-analysis was per-
formed using data from four cohorts (from the Netherlands, UK, Canada, and USA) and four national surveys [from the Neth-
erlands, Finland (two), and Italy]. Within those studies, data on protein and energy intake of community-dwelling men and
women aged ≥55 years were obtained by either a food frequency questionnaire, 24 h recalls administered on 2 or 3 days,
or food diaries administered on 3 days. Protein intake below recommended was based on the recommended dietary allow-
ance of 0.8 g/kg body weight (BW)/d, by using adjusted BW (aBW) instead of actual BW. Cut-off values of 1.0 and 1.2 were
applied in additional analyses. Prevalences were also examined for subgroups according to sex, age, body mass index (BMI),
education level, appetite, living status, and recent weight loss.
Results The study sample comprised 8107 older persons. Mean ± standard deviation protein intake ranged from 64.3 ± 22.3
(UK) to 80.6 ± 23.7 g/d [the Netherlands (cohort)] or from 0.94 ± 0.38 (USA) to 1.17z ± 0.30 g/kg aBW/d (Italy) when related to
BW. The overall pooled prevalence of protein intake below recommended was 21.5% (95% confidence interval: 14.0–30.1),
46.7% (38.3–55.3), and 70.8% (65.1–76.3) using the 0.8, 1.0, and 1.2 cut-off value, respectively. A higher prevalence was ob-
served among women, individuals with higher BMI, and individuals with poor appetite. The prevalence differed only marginally
by age, education level, living status, and recent weight loss.
Conclusions In community-dwelling older adults, the prevalence of protein intake below the current recommendation of
0.8 g/kg aBW/d is substantial (14–30%) and increases to 65–76% according to a cut-off value of 1.2 g/kg aBW/d. To what ex-
tent the protein intakes are below the requirements of these older people warrants further investigation.
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Introduction

A substantial proportion of community-dwelling older adults
has a protein intake below the current recommended die-
tary allowance (RDA) of 0.8 g/kg body weight (BW)/d,1,2

the intake level assumed to be sufficient to prevent protein
deficiencies. A growing body of epidemiological and short-
term metabolic studies indicate, however, that a protein in-
take above the RDA further benefits muscle mass, strength,
and function among older adults,3 with better muscle health
in old age being associated with less disability,3–6 higher
quality of life,3,7 and lower mortality risk.8,9 For these rea-
sons, experts suggest that the recommended protein intake
should be increased to 1.0–1.2 g/kg BW/d.10,11 Applying
those higher cut-off values for optimal protein intake will
yield a higher proportion of older adults with a protein in-
take below recommended, but it is unknown to what
degree.

Reported prevalence rates of protein intake <0.8 g/kg
aBW/d vary between 10% and 43%.12–16 Besides differences
in country-specific dietary habits and dietary assessment
methods that may contribute to the observed variation in
prevalence, this variation may also be related to personal
characteristics. To illustrate, older women12,15,17 and older
persons with poor self-rated health18 are more likely to re-
port a lower protein intake. Furthermore, the prevalence in-
creases with higher age,12,17,19 higher body mass index
(BMI),15,20,21 and lower education level.18 Insight into such
differences may contribute to the identification of target
groups for dietary interventions.

The aim of the present study is to provide a pooled estimate
of the prevalence of protein intake below recommended, ac-
cording to different cut-off values, among community-dwell-
ing older adults across different countries. Furthermore,
estimates for subgroups according to sex, age, education level,
BMI, living status, appetite, and recent weight loss will be pro-
vided to explain variations in prevalence.

Methods

This study is part of the PRevention Of Malnutrition in Se-
nior Subjects in the EU (PROMISS) project, which aims to un-
derstand the context of malnutrition among community-
dwelling older adults and to develop preventive strategies
for it. Cohorts and national surveys of the PROMISS consor-
tium that have data on dietary intake and anthropometry
from older adults aged ≥55 years were eligible for the pres-
ent study. Data from four cohorts, that is, the Health, Aging
and Body Composition Study (Health ABC) from the USA, the
Longitudinal Aging Study Amsterdam (LASA) from the Neth-
erlands, the Newcastle 85+ Study (Newcastle 85+) from the
UK, and the Quebec Longitudinal Study on Nutrition and

Aging (NuAge) from Canada, and four national surveys, that
is, the Dutch National Food Consumption Survey-Older
Adults (DNFCS) from the Netherlands, the National FINDIET
Studies of 2007 and 2012 (FINDIET 2007, FINDIET 2012)
from Finland, and the Third Italian National Food Consump-
tion Survey (INRAN-SCAI) from Italy, were used (Table 1).
Ethical approval for the respective studies was obtained
from the ethics committees of the local institutions. The
studies were conducted in accordance with the ethical prin-
ciples laid down in the 1964 Declaration of Helsinki and its
later amendments.

For each cohort, the most recent measurement cycle at
which dietary intake was assessed was used for the present
study (Table 1). Time of dietary assessment ranged from
1998–1999 (Health ABC) to 2014–2015 (LASA). The
(time-dependent) factors used to define subgroups (i.e.
BMI, living status, appetite, and recent weight loss) were
obtained from the same measurement cycle or—if not
available—from the closest cycle (Supporting Information,
Table S1).

For each cohort and survey, a researcher was appointed to
be responsible for harmonization of the covariates and provi-
sion of the cohort-specific prevalences, based on a
predefined protocol for this study (Appendix S2).

Participants

We excluded participants (Figure 1) who were institutional-
ized (n = 51), from whom sex was unknown (n = 2), who
had very low cognitive status (Mini-Mental State Examination
score < 18 or dementia), and who had no help from a proxy
during the dietary assessment, as this may bias reported die-
tary intake (n = 155), with missing dietary intake data or a
high number of missing items in the available data
(n = 427), with very high reported energy intakes, that is,
>3500 kcal/d for women or >4000 kcal/d for men, as these
intakes are implausible22 (n = 107), or for whom BMI was un-
known (n = 114). The total sample of all studies comprised
8107 participants aged ≥55 years.

Dietary intake

Dietary intake was assessed by a food frequency question-
naire (FFQ) in Health ABC and LASA. In Health ABC, a 108-
item interviewer-administered FFQ23 that reflected the
preceding 12 months was used. In LASA, a self-
administered FFQ,24 available as paper and online version,
was used. This FFQ consisted of 76 items about 238 food
products and reflected the preceding 4 weeks. In the other
cohorts and in three surveys, multiple 24 h recalls were
used. In Newcastle 85+, two recalls were conducted by
trained research nurses on non-consecutive weekdays at
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Table 1 Details of the studies and their community-dwelling older adults included in the PRevention Of Malnutrition In Senior Subjects in the EU pro-
ject meta-analysis on protein intake below recommended

Study Country n total Women Age, years BMI, kg/m2 Method of dietary assessment Year of dietary assessment

% Mean ± SDMean ± SD
Health ABC USA 2660 51.6 74.7 ± 2.9 27.2 ± 4.8 FFQ (108 items) 1998–1999
LASA the Netherlands 1345 52.4 69.4 ± 8.4 27.0 ± 4.3 FFQ (76 items on 238 food products) 2014–2015
Newcastle 85+ UK 719 60.0 85.5 ± 0.4 24.5 ± 4.4 24 h recall (2 days) 2006–2007
NuAge Canada 1286 53.5 78.4 ± 4.2 27.7 ± 4.6 24 h recall (3 days) 2007–2008
DNFCS the Netherlands 709 48.9 76.9 ± 5.1 27.4 ± 3.8 24 h recall (2 days) 2010–2012
FINDIET 2007 Finland 463 50.5 68.9 ± 2.8 28.3 ± 4.6 24 h recall (2 days) 2007
FINDIET 2012 Finland 410 49.5 68.8 ± 2.8 28.2 ± 4.4 24 h recall (2 days) 2012
INRAN-SCAI Italy 515 61.2 74.6 ± 7.3 25.7 ± 4.1 Food diaries (3 days) 2005–2006

Studies included the Health, Aging and Body Composition Study (Health ABC), Longitudinal Aging Study Amsterdam (LASA), the Newcas-
tle 85+ Study (Newcastle 85+), Quebec Longitudinal Study on Nutrition and Aging (NuAge), Dutch National Food Consumption
Survey-Older adults (DNFCS), National FINDIET Survey 2007 and 2012 (FINDIET 2007 and 2012), and the Third Italian National Food Con-
sumption Survey (INRAN-SCAI).
BMI, body mass index; FFQ, food frequency questionnaire; SD, standard deviation

FIGURE 1 Flow chart representing the participants included in the analysis. Studies included the Health, Aging and Body Composition Study (Health
ABC), Longitudinal Aging Study Amsterdam (LASA), the Newcastle 85+ Study (Newcastle 85+), Quebec Longitudinal Study on Nutrition and Aging
(NuAge), Dutch National Food Consumption Survey-Older adults (DNFCS), National FINDIET Survey 2007 and 2012 (FINDIET 2007 and 2012), and
the Third Italian National Food Consumption Survey (INRAN-SCAI).
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least 1 week apart,25 with portion sizes estimated by a
photographic food atlas. In NuAge, three non-consecutive
recalls were conducted by trained registered dietitians on
two randomly chosen weekdays and one weekend day,
one face to face and two by telephone,26 with portion sizes
estimated by portion size models. In DNFCS, two recalls
were conducted during home visits by trained dieticians
on two week or weekend days within a period of 2 to
6 weeks.27 Participants filled in a food diary on the day
to be recalled, which served as a memory aid and as a
check for household measures. In both FINDIET surveys,
two recalls were conducted face to face by trained nutri-
tionists on consecutive days,28 with portion sizes estimated
by a picture book of food portions. In INRAN-SCAI, dietary
intake was measured by three food diaries, filled in by
the participant on consecutive days and checked by trained
field workers,29 with portion sizes estimated by household
measures, guidance notes, and a photographs atlas. In all
studies, intakes of energy and protein were calculated by
using country-specific food composition databases properly
adapted to the survey data to comply with the surveyed
food matching needs. Within studies that assessed dietary
intake by 24 h recalls or food diaries, individual intakes of
protein and energy were averaged over the 2 or 3 days.

Protein intake was expressed per kilogramme of adjusted
BW (aBW), as suggested by Berner and colleagues.17 The
main reason for this concerns the different protein require-
ments of fat mass and lean mass. In overweight people, most
excess BW is fat mass, which contributes little to protein
turnover. In underweight people, the availability of protein
is often insufficient to maintain muscle mass. Protein intake
expressed relative to actual BW will likely give an overestima-
tion of the true requirements, and as such, by expressing pro-
tein intake relative to actual BW, the prevalence of protein
intake below recommended will probably be overestimated.
By using aBW, we attempted to control (at least in part) for
the excess BW or insufficient protein availability. aBW was
calculate as the nearest BW that would place a participant
with an undesirable BW in the healthy BMI range of 18.5 to
24.9 kg/m2 for adults aged <71 years and of 22.0 to
27.0 kg/m2 for adults aged ≥71 years.17 Protein intake was di-
chotomized according to three cut-off values: <0.8, <1.0,
and <1.2 g/kg aBW/d.

Socio-demographic and anthropometric
characteristics

In order to make the variables for the subgroup analyses
comparable across the different cohorts and surveys, we
harmonized these variables as much as possible with regard
to methods of assessment and categorization, according to a
predefined protocol (Appendix S2). Education level was
based on the self-reported highest level of education

attained (Health ABC, LASA, DNFCS, FINDIET 2007 and
2012, INRAN-SCAI) or years of full time education (Newcas-
tle 85+, NuAge) and categorized into low (finished lower vo-
cational education or lower; or ≤9 years of education),
medium [finished general intermediate or attended (but
not finished) higher vocational education, or 10 to 14 years
of education], and high (finished higher vocational education
or university, or ≥15 years of education). BMI, calculated as
BW (in kilogramme) divided by height (in metre) squared,
was based on measured BW and measured height in all
studies except Newcastle 85+ (height was calculated from
measured demi-span) and INRAN-SCAI (self-reported weight
and height were used). Living status was assessed by the
number of household members in all studies except DNFCS
(asked for whom the participant lives together with) and
INRAN-SCAI (unavailable). If the data were unavailable
(INRAN-SCAI) or missing, marital status was used. Living sta-
tus was divided into living alone (0 household members or
widowed, divorced, separated, and never married) and liv-
ing with another (≥1 household member or married). Appe-
tite was assessed by the level of appetite over the past
month (Health ABC, NuAge) or in general (LASA) on a 5
(Health ABC, LASA) or 10 point scale (NuAge), for example,
by the question ‘Over the last four weeks, what was your
appetite level on a scale from 0 (no appetite) to 10 (very
good appetite)?’ (NuAge). In DNFCS, the participant was
asked for loss of appetite in the past week (yes/no). Appe-
tite was categorized into good (very good, good, average, or
score ≥7, or no) and poor (poor, very poor, moderate, or
score ≤6, or yes). No data on appetite were available for
Newcastle 85+, FINDIET 2007 and 2012, and INRAN-SCAI.
Recent weight loss was determined using self-reported re-
cent weight loss of ≥4 kg over the past 6 months (Health
ABC, LASA, NuAge, DNFCS) or—if not available—over the
past year (FINDIET 2007 and 2012). No data on self-re-
ported weight loss were available for Newcastle 85+ and
INRAN-SCAI.

Statistical analysis

The cohort-specific prevalence was calculated locally by each
researcher and the survey-specific prevalence by J. M. A. B.,
according to the predefined protocol (Appendix S2). Analyses
were performed by SPSS Statistics version 24 (IBM Corp.,
Armonk, NY, USA), SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA), and R version 3.2.2.30

Meta-analyses using a random effects model were per-
formed with the meta package version 4.3-231 to estimate
the pooled prevalence with 95% confidence interval (CI)
of protein intake below recommended. To correct for the
error that arises when confidence limits fall outside the
range of 0.1 to 0.9 and for the error resulting from study
variance that points towards zero when prevalence rates
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are very small or very large, we applied the Freeman–Tukey
double arcsine transformation before pooling.32 Otherwise,
logit transformation was applied. The pooled prevalence
of protein intake <0.8, <1.0, and <1.2 g/kg aBW/d was
estimated within the total study sample and within
subgroups according to seven predefined characteristics:
sex, age, education level, BMI, living status, appetite, and
recent weight loss. We considered a difference in
prevalence between subgroups of ≥5% relevant. Heteroge-
neity between studies was shown by I2 statistics, which re-
flect the percentage of the total variation in prevalence
resulting from between-study variation rather than within-
study variation or chance. I2 values >75% are considered
to reflect high heterogeneity.33 Forest plots were created,
graphically showing the prevalence of each study and the
overall pooled prevalence. Because the current protein
recommendations are based on actual BW, we estimated
the prevalence of protein intake below recommended
based on protein intake in g/kg actual BW/d as a sensitivity
analysis.

Results

The number of participants included per study ranged from
410 (FINDIET 2012) to 2660 (Health ABC) (Table 1). Between
48.9% (DNFCS) and 61.2% (INRAN-SCAI) of the participants
were women. On average, Finnish participants were youngest
(2007, 68.9 ± 2.8 years; 2012, 68.8 ± 2.8 years) and UK partic-
ipants were oldest (85.5 ± 0.4 years). Mean BMI was lowest
among UK participants (24.5 ± 4.4 kg/m2) and highest among
Finnish participants (2007, 28.3 ± 4.6 kg/m2; 2012,
28.2 ± 4.4 kg/m2).

Mean ± standard deviation protein intake ranged from
64.3 ± 22.3 (Newcastle 85+) to 80.6 ± 23.7 g/d (LASA) or from
0.94 ± 0.38 (Health ABC) to 1.17 ± 0.30 g/kg aBW/d (INRAN-
SCAI) (Table 2) when related to BW. Mean energy intake
ranged from 1627 ± 534 (FINDIET 2007) to 2082 ± 580 kcal/d
(LASA).

In total, 2045 of the 8107 participants (25.2%) had a pro-
tein intake <0.8 g/kg aBW/d (Table 3). The meta-analysis of
the eight studies yielded an overall pooled prevalence of
21.5% (95% CI: 14.0–30.1, I2: 98.7%) (Figure 2). Based on
those eight studies, more women than men had a protein in-
take <0.8 g/kg aBW/d [23.6% (16.4–31.5) vs. 18.8% (10.9–
28.4), respectively; Figure 3A]. Furthermore, the pooled prev-
alence increased with increasing BMI, up to BMI category ≥27
to <30, which was comparable with category ≥30 kg/m2

(Figure 3B). Based on the four studies with data on appetite,
the prevalence was higher among participants with poor
compared with good appetite [27.9% (16.0–44.0) vs. 18.6%
(9.0–34.4), respectively; Figure 3C]. No substantial differ-
ences in prevalence were observed between subgroups de-
fined by age, education level, living status, and recent
weight loss. In all analyses, even within subgroups, observed
heterogeneity was high (I2 ≥ 80.6%).

The overall pooled prevalence of protein intake <1.0 and
<1.2 g/kg aBW/d was 46.7% (38.3–55.3) and 70.8% (65.1–
76.3), respectively (Tables S3 and S4). The differences in prev-
alence between subgroups (e.g. between those with good
and poor appetite) for these cut-offs were comparable with
the 0.8 cut-off value, with one exception. Whereas we ob-
served no substantial differences in prevalence based on
the 0.8 cut-off value between subgroups defined by educa-
tion level, we did observe a difference based on the cut-off
values of 1.0 and 1.2: the prevalence was higher among me-
dium-educated than low-educated or high-educated
individuals.

Table 2 Energy and protein intake among the community-dwelling older adults included in the PRevention Of Malnutrition In Senior Subjects in the EU
project meta-analysis on protein intake below recommended

Name study n total
Energy intake
(kcal/d)

Protein intake
(g/d)

Protein intake
(g/kg BW/d)

Protein intake
< 0.8 g/kg BW/d

Protein intake
(g/kg aBW/d)a

Protein intake
< 0.8 g/kg aBW/d

Mean ± SD Mean ± SD Mean ± SD n % Mean ± SD n %

Health ABC 2660 1827 ± 655 65.5 ± 25.9 0.90 ± 0.38 1197 45.0 0.94 ± 0.38 1044 39.2
LASA 1345 2082 ± 580 80.6 ± 23.7 1.04 ± 0.32 290 21.6 1.12 ± 0.32 193 14.3
Newcastle 85+ 719 1683 ± 505 64.3 ± 22.3 1.03 ± 0.37 209 29.1 1.01 ± 0.33 200 27.8
NuAge 1286 1839 ± 499 72.9 ± 21.7 1.04 ± 0.34 332 25.8 1.10 ± 0.32 213 16.5
DNFCS 709 1981 ± 466 76.6 ± 19.5 1.01 ± 0.28 163 23.0 1.06 ± 0.26 108 15.2
FINDIET 2007 463 1627 ± 534 69.2 ± 24.4 0.91 ± 0.33 193 41.7 1.01 ± 0.33 125 27.0
FINDIET 2012 410 1670 ± 551 70.7 ± 24.4 0.91 ± 0.33 159 38.8 1.02 ± 0.33 109 26.6
INRAN-SCAI 515 2002 ± 539 77.6 ± 21.1 1.13 ± 0.31 68 13.2 1.17 ± 0.30 53 10.3

Studies included the Health, Aging and Body Composition Study (Health ABC), Longitudinal Aging Study Amsterdam (LASA), the Newcas-
tle 85+ Study (Newcastle 85+), Quebec Longitudinal Study on Nutrition and Aging (NuAge), Dutch National Food Consumption
Survey-Older adults (DNFCS), National FINDIET Survey 2007 and 2012 (FINDIET 2007 and 2012), and the Third Italian National Food Con-
sumption Survey (INRAN-SCAI).
aBW, adjusted body weight; BMI, body mass index; SD, standard deviation
aAdjusted body weight is the nearest body weight that would place the participant with an undesirable body weight in the healthy BMI
range of 18.5–25.0 kg/m2 (age <71 years) and of 22.0–27.0 kg/m2 (age ≥ 71 years).
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Sensitivity analysis

The overall pooled prevalence of protein intake <0.8, <1.0,
and <1.2 g/kg actual BW/d was 29.1% (21.2–37.8), 54.3%
(46.7–61.8), and 75.7% (70.7–80.4), respectively (Table S5).

Discussion

This is the first multi-country study to provide pooled esti-
mates of the prevalence of protein intake below recom-
mended among community-dwelling older adults. Based on

Table 3 Number of studies and their community-dwelling older adults included in the meta-analyses and pooled prevalences of protein intake below
0.8 g/kg aBW/d

Characteristics n studies
Pooled prevalence
(95% CI)

Heterogeneity
n cases/total I2 (%) P value

Total sample 8 2045/8107 21.5 (14.0–30.1) 98.7 <0.01
Sex
Men 8 925/3812 18.8 (10.9–28.4) 97.8 <0.01
Women 8 1120/4295 23.6 (16.4–31.5) 96.9 <0.01

Age, years
≥55 to <65 1 58/478 - - -
≥65 to <75 7 978/3682 20.2 (11.8–30.2) 97.9 <0.01
≥75 to <85 5 769/2952 18.5 (10.6–30.1) 97.6 <0.01
≥85 5 240/995 17.4 (10.7–25.4) 80.6 <0.01

Education level
Low 8 692/2999 21.2 (13.8–29.7) 96.6 <0.01
Medium 8 756/3017 23.1 (15.3–32.0) 96.3 <0.01
High 8 586/2043 19.4 (11.2–29.2) 94.6 <0.01

BMI, kg/m2

BMI <22a 8 153/915 12.9 (8.0–20.2) 83.1 <0.01
BMI ≥22 to <27 8 767/3450 18.5 (11.3–27.1) 97.1 <0.01
BMI ≥27 to <30 8 583/1959 26.1 (16.6–36.8) 96.0 <0.01
BMI ≥30 8 542/1783 26.5 (18.4–35.6) 93.5 <0.01

Living status
Living alone 8 693/2692 23.1 (15.8–31.4) 95.6 <0.01
Living with another 8 1335/5317 20.7 (12.9–29.8) 98.2 <0.01

Appetite
Poora 4 356/1037 27.9 (16.0–44.0) 93.9 <0.01
Gooda 4 1182/4876 18.6 (9.0–34.4) 99.1 <0.01

Recent weight lossb

Yesa 6 288/1629 24.6 (14.5–38.5) 93.1 <0.01
No 6 1452/5032 23.2 (13.8–34.2) 98.4 <0.01

aBW, adjusted body weight; BMI, body mass index; CI, confidence interval
aEstimations based on logit transformation instead of Freeman–Tukey double arcsine transformation.
bRecent weight loss of ≥4 kg in the past 6 months.

FIGURE 2 Forest plot representing both the study-specific prevalences and the overall pooled prevalence of protein intake below the recommended
dietary allowance of 0.8 g/kg aBW/d among community-dwelling older adults. The pooled proportion with 95% confidence interval was obtained from
a meta-analysis using a random-effects model. Studies included the Health, Aging and Body Composition Study (Health ABC), Longitudinal Aging Study
Amsterdam (LASA), the Newcastle 85+ Study (Newcastle 85+), Quebec Longitudinal Study on Nutrition and Aging (NuAge), Dutch National Food Con-
sumption Survey-Older adults (DNFCS), National FINDIET Survey 2007 and 2012 (FINDIET 2007 and 2012), and the Third Italian National Food Con-
sumption Survey (INRAN-SCAI).
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8107 adults aged ≥55 years from eight studies, we found the
prevalence of protein intake below the current RDA of
<0.8 g/kg aBW/d to be substantial (21.5%). Applying the
cut-off values of 1.0 and 1.2 suggested by experts10,11

yielded a prevalence of 46.7% and 70.8%, respectively.
Women, older adults with a higher BMI, and those with
poor appetite more often had a protein intake below
recommended.

Variation in prevalence

Our study showed large variation in the prevalence of protein
intake below recommended between the studies, reflected
by the high heterogeneity. This was not entirely unexpected,
because the eight populations differed with regard to, for ex-
ample, age, BMI, and dietary habits. Some factors, including
sex,12,15,17 age,15,17 education level,18 and BMI,15,16,21 are
known to be associated with protein intake. We therefore ex-
pected these characteristics to partly account for the hetero-
geneity, but this was not the case. Although prevalences
differed between subgroups, I2 statistics only marginally de-
clined within each group. Methodological differences, such
as eligibility criteria and dietary assessment methods, also
existed between the studies. However, heterogeneity was
not explained by race (Caucasian vs. African–American) or
method of dietary assessment (24 h recalls vs. FFQ) (data
not shown). In sum, the variation in prevalence is most likely
a result of factors other than those we assessed and may in-
clude health status34 and country-specific dietary habits.35,36

We identified subgroups for which protein intake was
more often below recommended, consistently for all three
cut-off values: women, individuals with higher BMI, and indi-
viduals with poor appetite. The finding for sex (difference
based on 0.8 cut-off value: 4.8%) is in line with findings
among US older adults participating in NHANES17 and Chinese
older adults37 but differed from those among US older adults
participating in the Framingham Osteoporosis Study.38 Gen-
erally, women consume lower amounts of energy than men
and have therefore lower protein intakes, although in the
Framingham Osteoporosis Study,38 mean absolute protein in-
takes were similar for men and women. Apart from a real dif-
ference in protein intake, this relatively small difference may
also be due to underreporting as women tend to underreport
energy intake—and possibly protein intake as well—to a
larger extent than men.39,40 The lower protein intake (g/kg
aBW) observed in women compared with men may partly
contribute to the poorer muscle strength and function gener-
ally observed among women.41 It may therefore be a poten-
tial explanation for the well-established male–female health-
survival paradox; women live longer but have more physical
disabilities than men.42 Women have, however, relatively less
muscle mass and consequently may require less protein per
kilogramme of BW compared with men. This may suggest
that the cut-off value for adequate protein intake differs for
sex. Whether these hypotheses hold should be further ex-
plored. Our finding for BMI is in line with previous studies
showing that people with higher BMI reported lower protein
intakes,19,37,43 even though our study used adjusted instead
of actual BW to express protein intake. This may again be ex-
plained by underreporting as overweight people tend to un-
derreport their protein intake to a greater extent than
normal-weight people.44,45 Our finding of lower protein in-
takes among those reporting poor appetite confirmed the

FIGURE 3 Pooled prevalence of protein intake below recommended
among community-dwelling older adults according to the cut-off values
of <0.8, <1.0, and <1.2 g/kg aBW/d, presented for subgroups according
to sex (A; ♦ men, ▲ women), body mass index (B; ♦ <22, ▲ 22–27, ■
27–30, ● ≥30 kg/m2), and appetite (C; ♦ poor, ▲ good). Pooled propor-
tions with 95% confidence intervals were obtained from meta-analyses
using a random-effects model. Studies included the Health, Aging and
Body Composition Study (Health ABC), Longitudinal Aging Study Amster-
dam (LASA), the Newcastle 85+ Study (Newcastle 85+), Quebec Longitu-
dinal Study on Nutrition and Aging (NuAge), Dutch National Food
Consumption Survey-Older adults (DNFCS), National FINDIET Survey
2007 and 2012 (FINDIET 2007 and 2012), and the Third Italian National
Food Consumption Survey (INRAN-SCAI).
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well-established phenomenon called anorexia of ageing, that
is, the accelerated loss of appetite with advancing age,46

which increases the risk of reduced food intake. Being aware
of the anorexia of ageing,47 we also expected to find lower
protein intakes with higher age, but we observed no differ-
ences in prevalence between age subgroups. Other studies
both confirm37,43 and contradict12,17,19 our findings. Sex
may partly explain those differences,17,19 but other factors
associated with both (chronological) age and protein intake,
such as health status,19,43 may have also caused variation.

Strengths and limitations

This study has several strengths. First, we applied advanced
statistical techniques to obtain a pooled estimate of protein
intake below recommended levels. Second, we included data
from a large number of older adults representing multiple
countries, age strata, and levels of education. Third, we used
adjusted instead of actual BW, so our findings are less driven
by excess body fat among overweight people or insufficient
protein availability among underweight people. Some limita-
tions have to be mentioned as well. First, the limited number
of studies did not allow us to test differences in prevalence
between subgroups (e.g. women vs. men). Second, only co-
horts and surveys from the PROMISS consortium were se-
lected for inclusion, which may have led to selection bias.
Whether this may have resulted in an overestimation or un-
derestimation of the observed prevalence is difficult to pre-
dict. Third, the different methods used by the studies to
assess dietary intake and other variables may have influenced
the results. However, we harmonized all covariates according
to a predefined protocol in order to increase comparability
across studies. Moreover, neither the method of dietary as-
sessment nor the subgroups were found to be a major source
of heterogeneity. Food databases were not harmonized,
meaning that in each national food composition database,
protein intake was calculated based on slightly different
(food-specific) nitrogen–protein conversion factors, but we
expect this to have only a minor influence on the heterogene-
ity. Fourth, certain limitations are inherent to dietary assess-
ment. An FFQ is designed to measure usual food intake, but it
captures only regularly consumed foods and is therefore not
infinite. This most often leads to an underestimation of usual
(energy and protein) intake44 and consequently to an overes-
timation of the prevalence of protein intake below recom-
mended. For example, the prevalence in the Health ABC
cohort was substantially higher than in the other studies.
The number of items in the respective FFQ (n = 108) may
have been too low to catch all protein-containing foods in
sufficient detail. Furthermore, FFQs require good memory—
which may be hampered in old age—and are prone to recall
bias and thus may be less accurate.48 A 24 h recall measures
short-term intake but is prone to day-to-day variation.48

Administering two or three recalls per person gives a better
estimate of the usual intake,49,50 but it seems insufficient to
eliminate all day-to-day variation.51 Consequently, the ob-
served prevalence is most likely overestimated.52,53 To im-
prove the estimation of protein intake, studies including
data on biomarkers of energy and protein intake, for example
24 h urine nitrogen, are recommended.19,44,54,55

Implications for clinical practice

For correct interpretation, it is important to understand the
meaning of the various terms to indicate dietary reference in-
takes. The estimated average requirement, which is based on
nitrogen-balance studies, is the average daily amount of a nu-
trient that meets the requirement of half of the healthy indi-
viduals in a particular population.56 The RDA, which is
commonly used for dietary guidelines, is the average daily
amount of a nutrient that is sufficient tomeet the requirement
of 97.5% of the individuals. It is thus important to realize that
the estimated 21.5% is the proportion of older adults that does
notmeet the RDA of 0.8 g/kg aBW/d, which does not necessar-
ily mean that their protein intake is inadequate (compared
with their needs). Furthermore, from the available data, pro-
tein inadequacy on an individual level cannot be assessed.

Before proceeding to increase the RDA to 1.0 or 1.2 g/kg
BW/d, evidence on the clinical benefits of higher protein in-
take should be convincing. Although a growing number of
studies show that protein intake above 0.8 g/kg BW/d is asso-
ciated with improved muscle health, evidence is not
univocal.57 Furthermore, concern is expressed about the po-
tential negative effects of higher protein intake, particularly
on renal function. Although current evidence indicates no ad-
verse effect of higher protein intake on renal function in
healthy individuals,58,59 potential (other) negative health ef-
fects of higher protein intake should also be considered. Last,
the practical feasibility of increasing the recommendations
for protein intake should be well considered as many parties
in society will be involved.

Conclusions

Despite its variation, the prevalence of protein intake below
the current recommendation of 0.8 g/kg aBW/d in old age
is substantial (14–30%). Over two-thirds of community-dwell-
ing older adults have a protein intake below 1.2 g/kg aBW/d.
A few subgroups of older adults that had a higher prevalence
of protein intake below recommended were distinguished:
women, individuals with higher BMI, and individuals with
poor appetite. These findings may be of importance for the
development of nutritional guidelines, prevention strategies,
and health care policy. It remains for future research to ob-
tain more precise estimates of the proportion of older adults
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whose protein intake is inadequate, based on a large number
of cohorts with data on usual intake, and to examine whether
sex differences in protein intake and requirement may con-
tribute to the male–female health-survival paradox.
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