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Abstract
Background: There is emerging evidence that per meal intake of protein might in�uence the anabolic effects
of protein intake. Visceral proteins are commonly used as biomarkers of protein nutrition status. However,
associations between visceral proteins and different aspects of protein intake, like per meal intake and
protein sources, are rarely examined.

Method: In a cross-sectional study of 92 adults aged 65 years or older protein intake (all day, breakfast, lunch,
dinner and evening meal) and number of meals with ≥30g protein were assessed by a 24h multiple pass
method. Dietary habits were assessed by a frequency questionnaire, and nutritional status by the Mini
Nutritional Assessment (MNA). Blood samples were analyzed for serum albumin, pre-albumin and retinol-
binding protein (RBP), and associations with nutrition assessed with correlation analyses and t-tests for
difference between groups.

Result: More than one meal with ≥30g protein was reported by 10% of the participants, and 28% of the
participants did not reach an intake of 30g in any of their meals. Albumin, prealbumin and RBP was not
associated with protein intake in total or per meal.

Further, the biomarkers were not signi�cantly different compared to participants with at least one meal with
≥30g protein.

Conclusions: This study demonstrated infrequent intake of meals with ≥30g protein and no associations
with biomarkers. Larger studies should assess per meal intake of protein to gain knowledge of possible
health effects of protein eating patterns in elderly.

Trial registration

This study report baseline assessments from a randomised controlled study pre-registered at
http://www.clinicaltrials.gov with the unique identi�er NCT02890290.

Background
Nutritional changes during ageing, often viewed as the so-called ‘anorexia of ageing’, alter body composition
and metabolism in ways that can decrease the need for and intake of energy [1]. Other aspects of ageing—for
instance, low physical activity, pain and/or discomfort, gastrointestinal changes, swallowing di�culties and
poor dental status—can also affect food intake [2]. Social networks are also of importance for maintaining
health and physical function [3], and the feeling of loneliness is associated with malnutrition [4]. Thus, the
loss of social relations (e.g. living alone instead of with one’s family) may affect food intake. Beyond that, the
loss of physical function, psychological health problems, and cognitive decline among older adults can affect
their ability to prepare food. A shift to consumption of readymade food, is associated with the risk of
insu�cient protein intake [5]. Decreased intake and energy requirements may make it harder to get su�cient
amounts of nutrients [2]. Although older adults indeed have decreased energy requirements, their need for
some nutrients, including protein, increases. The recommended protein intake for older adults (i.e. ≥65 years)
is 15–20%—that is, approximately 1.1 to 1.3 g of protein per kilogram of body weight per day [6].
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Although increased protein intake has been associated with increased physical performance and muscle
strength in some studies, the �ndings remain inconsistent [7]. Bollwein et al. [8], for instance, found that the
distribution of protein during the day, and not the total protein intake per day, was associated with frailty.
Other studies have shown no associations between protein distribution and physical function or strength [9,
10]. However, meal-speci�c protein dose may have biased �ndings in studies assessing protein distribution.
Some studies have pinpointed a threshold of protein intake needed to stimulate muscle protein synthesis—
approximately 20 g per meal—although the necessary amount seems to be greater (i.e. 30–40 g) for older
adults [11]. Gaytán-González et al. [12] found that eating at least two meals per day with at least 30 g of
protein was associated with a lower risk of disability in activities of daily living among older adults in Mexico.

Another aspect affecting the health bene�ts of protein is the protein quality, i.e. the amino acid content and
digestibility [13]. For example, animal proteins have a more complete amino acid pro�le than plant proteins
[14, 15], and �sh proteins are liable to have different properties from those in meat from other animals [16].
According to the Norkost 3 study, sources of protein among adults in Norway include meat (27% of total
protein intake), bread (18%), �sh (11%), milk or yoghurt (11%), cheese (10%) cereal products (4%), and eggs
(3%) [17]. Meat and �sh are traditionally eaten at dinner in Norway, whereas breakfast and lunch more often
include bread, milk or yoghurt, cheese and eggs.

Nutritional status can be assessed by using screening tools, anthropometric measures and various
biomarkers. In particular, visceral plasma proteins—for example, albumin, prealbumin and retinol-binding
protein (RBP)—have been regarded important for assessing malnutrition of protein status [18].

The aim of our study was to describe protein intake, patterns of protein intake during meals, sources of
protein and biomarkers of protein among older adults ≥ 65 years old.

Methods
The present study report baseline assessments from a randomised controlled study exploring the health
effects of marine proteins. The study’s design has previously been described in a protocol article published in
BMJ Open [19]. Recruitment took place between March 2017 and May 2018 by municipality health care
nurses, local media, at talks and with �yers placed at associations for older adults. Inclusion criteria was
being 65 years or older. Subjects with diabetes, kidney failure, progressive muscle disease or active cancer
were excluded from participating in the study. Data were collected during structured interviews, tests and
anthropometric measurements performed in the participants’ homes by the �rst author, whereas blood
samples were taken by each participant’s medical practitioner. Background data such as age, gender,
habitation status (i.e. living alone or not) and level of education were collected using standardised protocols.
Level of education was dichotomised into those with and without higher education (at university or college
level). Body weight and height were recorded, and body mass index (BMI) was computed as kg/m2. BMI
between 22.0 and 27.0 is recommended for older adults in Norway’s national guidelines [20].

24-h recall of dietary intake
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Dietary intake of protein and energy were assessed with one 24-h recall following the multiple-pass method
described in the Newcastle 85 + study [21]. Dietary intake of energy and protein per meal and in total were
calculated by entering the reported foods in a Norwegian diet tool (kostholdsplanleggeren.no). As part of the
multiple-pass method, meals were categorised as breakfast, lunch, dinner and evening meal. Based on the
concept of per meal requirements of protein [11, 12], number of participants who consumed 30 g of protein
per meal was identi�ed. We also asked participants whether the day that they reported was a typical day
regarding amount of food eaten.

Frequency of protein sources
On a brief questionnaire about the frequency of consuming certain foods, participants reported how often
they consume bread or crispbread (i.e. number of slices or pieces per day), eggs (i.e. <1, 1, 2–3, 4–5, 6–7 or ≥ 
8 eggs per week) and milk, yoghurt or cheese (i.e. <1, 1–3 or 4–6 portions per week or 1, 2 or ≥ 3 portions per
day). They also reported how often they ate a warm dinner and how often they chose meat, �sh or vegetarian
alternatives for dinner (i.e. 0, < 1 or 1–3 times per month or 1, 2–3, 4–5 or 6–7 times per week). Participants
were instructed to report an average frequency with reference to the past 6 months.

Nutritional status
The MNA is commonly used in clinical work and research around the world [22] and recommended by the
Norwegian Directorate of Health to assess nutritional status in older adults [20]. Based on answers to
questions about nutrition, weight development and other risk factors of malnutrition, the MNA categorises
individuals by nutritional status as not at risk of malnutrition, at risk of malnutrition or having malnutrition.
With reliability and validity �rmly established across care settings, the full MNA has a sensitivity of 96% and
speci�city of 98% relative to clinical status [22].

Biomarkers
Participants visited their medical practitioners for the blood sampling. Biomarkers of protein malnutrition
albumin, prealbumin and RBP were determined in the belonging hospital laboratory [23]. In addition, C-
reactive protein (CRP) was included to identify in�ammation.

Statistical analysis
Descriptive variables, energy intake and protein intake from 24-h recall and biomarker values are presented as
mean ± SD or n (%) as appropriate. Frequency of intake of protein-rich foods are presented as median
frequencies and n (%) reporting different frequencies. The independent samples t test was used to assess
differences in energy intake and protein intake among participants who reported the day of 24-h recall to be
typical and ones who did not.

The relationships between protein intake (i.e. all day, breakfast, lunch, dinner and evening meal) and
biomarkers (i.e. albumin, prealbumin and RBP) were investigated using Pearson’s correlation coe�cient.
Preliminary analyses were performed to ensure that no violations of the assumptions of normality, linearity
and homoscedasticity occurred.
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The independent samples t test was also used to assess differences in biomarker levels between participants
who ate zero versus ≥ 1 meal with ≥ 30 g of protein, between participants with a high or low intake of protein-
rich foods (i.e. with the median intake frequency used as the cut-off) and between participants at risk of
malnutrition (i.e. according to the MNA) or not.

To account for possible effects of in�ammation on visceral proteins, a sensitivity analysis was performed by
repeating the analysis with and without participants with CRP levels exceeding 5.0 mg/L, both in correlations
of biomarkers with protein intake and t test’s assessing differences related to the frequency of consuming
different protein-rich foods.

All statistical analyses were performed with IBM- SPSS version 27.0. Results with p values less than .05 were
considered to be statistically signi�cant.

Results
A total of 92 participants aged 65 to 93 years consented to participate in our study. Baseline characteristics
of the study population are given in Table 1. Participants had a mean age of 73.8 ± 8.9 years; 61 of them
(66%) were women, 34 (37%) were living alone, and 41 (44%) had higher education, and the mean BMI was 26
kg/m2.

Table 1
Characteristics of all participants (n = 92), participating women and participating men

  All Women (n = 61, 66%) Men (n = 31, 34%)

Age (years), mean ± SD 73.8 ± 8.9 72.2 ± 8.3 74.2 ± 8.9

Weight (kg), mean ± SD 74.0 ± 14.7 70.6 ± 13.8 82.8 ± 13.3

BMI (kg/m2), mean ± SD 26.3 ± 4.9 26.3 ± 4.8 26.4 ± 3.9

Have higher education, n (%) 41 (44) 28 (45.9) 13 (41.9)

Live alone, n (%) 34 (37) 30 (49.2) 4 (12.9)

Participants who reported that the day of 24-h recall was atypical regarding the amount of food eaten (n = 10)
had signi�cantly less energy intake (mean diff. = -400 kcal, p = .025) and protein intake (mean diff. = -23.5 g,
p = .002) than the others. Thus, we excluded those participants from analyses involving the 24-h recall.
Energy intake, total protein intake, protein intake per meal and number of participants who reported eating at
least 30 g of protein per meal appear in Table 2. Whereas 28 (35%) participants did not eat 30 g of protein
during any meal, 44 (55%) ate 30 g during at least one meal, and eight (10%) consumed two or three meals
with more than 30 g of protein.
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Table 2
Energy and protein intake calculated from one 24-h recall (n = 80)1

Intake All

(mean ± SD)

Women

(mean ± SD)

Men

(mean ± SD)

> 30 g of protein

n (%)2

Energy (kcal) 1849 ± 530

(n = 80)

1771 ± 536

(n = 54)

2012 ± 489

(n = 26)

 

Protein, total (g) 78.1 ± 21.7

(n = 80)

73.5 ± 22.5

(n = 54)

87.5 ± 16.6

(n = 26)

 

Protein, breakfast (g) 17.6 ± 8.2

(n = 80)

17.6 ± 7.3

(n = 54)

18.2 ± 10.1

(n = 26)

7 (8.5%)

Protein, lunch (g) 15.2 ± 9.3

(n = 56)

13.0 ± 8.1

(n = 40)

20.9 ± 9.9

(n = 16)

4 (4.9%)

Protein, dinner (g) 35.3 ± 15.1

(n = 79)

33.5 ± 15.1

(n = 53)

38.9 ± 14.8

(n = 26)

48 (58.5%)

Protein, evening meal (g) 13.1 ± 8.2

(n = 58)

12.1 ± 8.0

(n = 38)

14.9 ± 8.4

(n = 20)

2 (2.4%)

1 Number of participants varies because not all participants ate all four meals.

2 Percentage of sample (n = 80), not of participants who ate the meal

Results for visceral protein in serum appear shown in Table 3. One participant had prealbumin levels below
the reference range given by the laboratory, while nine had RBP levels exceeding its reference range.
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Table 3
Concentrations of albumin, prealbumin, RBP1 and CRP2 in serum samples

  Ref.3 All4 Women Men Min.–max.

Albumin (g/L) 39.0–50.0 44.2 ± 2.5

(n = 80)

44.2 ± 2.5

(n = 51)

44.3 ± 2.5

(n = 29)

39.0–50.0

Prealbumin (g/L) 0.2–0.4 0.27 ± 0.045 (n = 77) 0.26 ± 0.04

(n = 48)

0.29 ± 0.05

(n = 29)

0.19–0.39

RBP (g/L) 0.03–0.06 0.05 ± 0.01

(n = 76)

0.05 ± 0.01

(n = 48)

0.06 ± 0.01

(n = 28)

0.03–0.08

CRP (mg/L) < 5.0 2.3 ± 2.8

(n = 79)

2.1 ± 2.0

(n = 50)

2.7 ± 3.7

(n = 29)

0.0–16.0

1 Retinol-binding protein. 2 C-reactive protein. 3 Reference area used at local laboratory. 4 Number of
participants varies due to missing blood samples.

Correlation coe�cients and p values for associations between total protein, protein in each of the four meals
and visceral proteins appear in Table 4. A moderately positive correlation emerged between protein eaten at
lunch and RBP (r = .30, n = 53, p = .029), whereas all other correlations were only slightly positive (r < .30).
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Table 4
Correlations between total protein, protein eaten at each of four meals and visceral proteins1

    Breakfast Lunch Dinner Evening
meal

Albumin Prealbumin RBP2

Total
protein

Pearson’s
correlation

.262* .535* .669* .689* .003 .130 − .025

  p (2-
tailed)

.040 .000 .000 .000 .984 .332 .853

  n 62 44 62 45 62 58 56

Breakfast Pearson’s
correlation

  − .195 − .222 .401* .111 .176 − .087

  p (2-
tailed)

  .205 .083 .006 .392 .186 .525

  N   44 62 45 62 58 56

Lunch Pearson’s
correlation

    .272 .184 .021 .362* .209

  p (2-
tailed)

    .074 .357 .890 .020 .189

  N     44 27 44 41 41

Dinner Pearson’s
correlation

      .221 − .156 − .010 − .001

  p (2-
tailed)

      .145 .227 .940 .992

  N       45 62 58 56

Evening
meal

Pearson’s
correlation

        − .074 − .136 − .074

  p (2-
tailed)

        .630 .395 .650

  N         45 41 40

Albumin Pearson’s
correlation

          .355* .239

  p (2-
tailed)

          .006 .076

  N           58 56

Prealbumin Pearson’s
correlation

            .699*

1 Number of participants varies due to missing blood samples and because not all participants ate all
four meals. 2RBP = retinol-binding protein. *Signi�cant at the .05 level (2-tailed).
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    Breakfast Lunch Dinner Evening
meal

Albumin Prealbumin RBP2

  p (2-
tailed)

            .000

  N             53

1 Number of participants varies due to missing blood samples and because not all participants ate all
four meals. 2RBP = retinol-binding protein. *Signi�cant at the .05 level (2-tailed).

Although nine participants had CRP levels of at least 5.0 mg/L, the highest level was 16.0 mg/L. For a
sensitivity analysis, a correlation analysis of the relationship between protein intake and biomarkers was
repeated but excluding participants with CRP levels of at least 5.0 mg/L. However, the exclusion did not alter
the conclusions (r = .37, n = 43, p = .015) for the correlation between lunch and RBP. Differences in biomarkers
were also assessed between participants with zero versus at least one meal with at least 30 g of protein.
However, no signi�cant differences were found (data not shown).

Eighty-two participants (90%) reported eating dinner (i.e. a warm meal) every day, and no participants
reported skipping dinner more than 1–3 d per week. Two participants reported eating vegetarian dinner
alternatives more than once weekly, while 37 participants (41%) reported eating such alternatives less than
once monthly. The frequencies of consuming meat and seafood for dinner were quite similar (Table 5).

Table 5
Reported frequencies of intake of meat, �sh or seafood and vegetarian alternatives for dinner, n (%).

  Never < 
1/month

1–
3/month

1/week 2–
3/week

4–
5/week

6–
7/week

Meat 0 0 5 (5.6) 8 (8.7) 47 (52.3) 29 (32.3) 1 (1.1)

Fish or
seafood

0 0 4 (4.4) 6 (6.6) 54 (59.3) 25 (27.5) 2 (2.2)

Vegetarian 17
(18.9)

20 (22.2) 25 (27.8) 26
(28.9)

2 (2.2) 0 0

The median frequency of drinking milk was one portion (≈ 2 dl) per day, and 56 participants (60.9%) reported
drinking milk that often, if not more. Seventeen participants (15.5%) drank milk seldom or never. Yoghurt were
used by 53 participants (59.8%), however, only 10 (10.9%) reported daily consumption. Cheese was
consumed daily by 56 participants (60.8%).



Page 10/15

Differences in biomarkers between participants reporting intake frequencies of different protein-rich food
sources higher and lower than the median appear in Table 6. Participants with the highest intake of milk (p 
= .014) and eggs (p = .018) had lower levels of RBP than those with lower intake. Those analyses included
participants with CRP levels of at least 5.0 mg/L. However, sensitivity analyses did not alter the conclusions
(p = .027 for milk on RBP, p = .018 for eggs on RBP, all others non-signi�cant).

Table 6
Albumin, prealbumin and RBP1 concentrations in relation to different protein sources ≥ or < median

intake.

    Albumin n Prealbumin n RBP n

Bread2 ≥ 4 pieces/day 44.2 ± 2.7 38 0.27 ± 0.046 39 0.052 ± 0.012 38

  < 4 pieces/day 44.5 ± 2.4 24 0.28 ± 0.048 23 0.056 ± 0.010 22

  Diff. -0.27   -0.010   -0.0034  

  p .684   .417   .248  

Milk ≥ 1 portion/day 44.1 ± 2.6 49 0.26 ± 0.042 50 0.052 ± 0.010 47

  < 1 portion/day 44.5 ± 2.1 31 0.28 ± 0.048 27 0.058 ± 0.011 29

  Diff. -0.45   -0.02   -0.0064  

  p .424   .058   .014  

Eggs ≥2–3/week 44.2 ± 2.5 53 0.26 ± 0.044 53 0.052 ± 0.010 52

  < 2–3/week 44.3 ± 2.2 27 0.28 ± 0.046 24 0.058 ± 0.012 24

  Diff. -0.14   -0.020   -0.0064  

  p 0.805   0.073   0.019  

Yoghurt ≥ 1–3 portions/week 44.2 ± 2.6 48 0.27 ± 0.049 46 0.054 ± 0.011 45

  < 1–3 portions/week 44.1 ± 2.2 31 0.27 ± 0.049 30 0.053 ± 0.12 30

  Diff. 0.10   -0.0018   0.0012  

  p .860   .869   .644  

Cheese ≥1 portion/day 44.3 ± 2.5 46 0.26 ± 0.039 45 0.053 ± 0.0095 42

  < 1 portion/day 44.0 ± 2.4 33 0.28 ± 0.053 31 0.0545 ± 0.013 33

  Diff. 0.3   -0.013   -0.0015  

  p .625   .240   .593  

1 Retinol-binding protein. 2 Includes both bread and crispbread.
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MNA screening was performed in 87 participants. Seven participants (8%) were categorised as being at risk
of malnutrition, whereas 80 (92%) were not at risk. Participants at risk of malnutrition were signi�cantly older
than the others, with a mean age of 86.1 ± 8.7 years (mean diff. = 13.6 years, p < .001) and had lower BMI
(mean BMI = 22.0 ± 3.0, mean diff. = -4.7, p = .007). Nevertheless, they did not have signi�cantly different
energy intake, protein intake or biomarker values.

Discussion
In our study, both energy and protein intake were lower than reported in the Tromsø study [24] and Norkost 3
study [17]. However, the participants in those studies were younger than the participants in the current study.
The mean age in the Tromsø study was 57 years for women and 58 years for men, while the oldest age group
reported in the Norkost 3 study was 60–70-year-olds. Protein intake tends to decline with age [25], despite
increased need and higher recommendations. Nevertheless, protein intake in our study was in accordance
with the Nordic recommendations for older adults [6].

Previous analyses of protein distribution in the current study sample revealed that protein was distributed well
[19]. However, an even protein distribution during the day may not be bene�cial if each meal does not contain
enough protein to fully stimulate muscle protein synthesis. In our study, 28% of the participants did not eat 30
g of protein at any meal eaten during the day. In a Mexican study addressing the number of meals including
at least 30 g of protein and risk of disability, 61% of participants reported eating zero meals with that amount
of protein [12]. By comparison, Hone et al. [25] found that the mean number of meals with at least 30 g of
protein per day among people 65 years and older was 0.96, and that the number of meals with ≥ 30 g of
protein signi�cantly declined with age.

In our study, protein intake was skewed towards dinner, and very few participants ate the suggested threshold
of 30 g of protein at meals other than dinner. A special feature of Norwegian dietary habits is that dinner is
the only warm meal, whereas bread with some sort of spread is common for breakfast, lunch and the evening
meal. Because dinnertime in Norway is quite early, normally between 4:00 and 6:00 p.m., many Norwegians
also eat an evening meal. Skewed protein eating patterns have been identi�ed by others [11, 25, 26]. However,
compared with those studies, which revealed a pattern of low-protein breakfasts, medium-protein lunches and
high-protein dinners, the pattern in our sample seemed to comprise one high-protein meal (i.e. dinner) and
three low-protein ones. As a consequence, protein enhancement of the diet in Norway should focus on the low
protein bread-based meals. Increased use of dairy products and protein-rich spreads could be potential
targets for protein enrichment.

In our cross-sectional study of older adults in Norway, we could not determine associations between
biomarkers of protein and protein intake, number of meals with more than 30 g of protein or frequency of
consumption of bread, yoghurt or cheese. Contrary to our expectations, we identi�ed a negative association
between RBP and consuming milk and eggs. However, because RBP has a short half-life (i.e. <1 d), it re�ects
only acute changes in protein intake. Data concerning protein sources represented the past 6 months; thus,
any associations with RBP may be random despite their signi�cance.
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The lack of associations between biomarkers and nutrition may relate to the fact that participants were
healthy and had a su�cient food intake. Their mean BMI was 26.3, which is fairly less than the study sample
of the Tromsø study including 3286 participants [27]. In the general population, a BMI exceeding 25.0 would
be regarded as overweight. However, due to age-related changes in lean body mass, a BMI between 22.0 and
27.0 is recommended for older adults (i.e. ≥65 years old) in Norway’s national guidelines for the treatment
and prevention of malnutrition [20]. BMIs less than 22.0 are associated with higher mortality in older adults,
whereas overweight is not [28, 29]. Kvamme et al. [27] also found that health-related quality of life was
signi�cantly higher in moderately overweight individuals.

Risk of malnutrition, as measured with MNA, was not associated with energy intake, protein intake or
biomarkers in our study. In the study of Zhang et al. [30], albumin and prealbumin were signi�cantly lower
among individuals evaluated to be at risk of malnutrition by the Mini Nutritional Assessment (MNA) than
among those not at risk. In a cross-sectional study conducted in Italy in 2006, albumin, prealbumin and RBP
were all shown to correlate with fat-free body mass in healthy underweight, normal weight and overweight
older adults [23]. Low serum values for those visceral proteins, even within the reference range, could suggest
poor nutritional status [23]. However, the number of participants at risk of malnutrition in our study was low
(n = 7), and we emphasize that they were categorised as being at risk of malnutrition, not as having
malnutrition. This MNA score is an opportunity to prevent malnutrition, even before the subjects show clinical
signs. Preventing malnutrition can imply major cost savings for communities—in Norway, some 800 million
NOK annually, or approximately 1.0% of all costs at hospitals [31].

Our protein intake data came from a single 24-h recall, which was a prominent weakness of our study.
However, because the recall was performed in the participants’ homes, it was possible to gain accurate
measures, as participants could present actual foods or their packaging, measure amounts in the plates
and/or cups used and/or compare portion sizes with images in the portion sizes booklet. Thus, we believe
that the recall data represent the actual daily intake quite well.

Conclusions
This cross-sectional study of dietary habits and biomarkers of protein in older adults could not demonstrate
any signi�cant associations between the nutrition factors and biomarkers. However, the study shows that
despite a daily protein intake in accordance with guidelines, the participants eat few protein rich meals. To our
knowledge, no previous studies have examined the per-meal intake and the number of meals with at least 30g
of protein in a Norwegian population. It was also among the �rst to examine associations between protein
eating patterns and visceral proteins. Future study should collect dietary data on protein intake per meal in
order to gain knowledge about eating patterns and their possible relation to health effects.
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