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Abstract.
BACKGROUND: To maximally stimulate muscle protein synthesis (MPS), older adults should consume ≥ 1.2 g/kg body
weight (BW) of high-quality protein, evenly distributed across the day ( 0.4 g/kg BW per meal).
OBJECTIVES: To investigate protein intake, distribution, and sources in community-dwelling older adults.
METHODS: Data (including a 4-day food record) were obtained from the Researching Eating, Activity, and Cognitive
Health (REACH) study, a cross-sectional study in adults aged 65 to 74 years.
RESULTS: Participants (n = 327, 65.4% female) had a median daily protein intake of 1.16 g/kg BW (males) and 1.09 g/kg
BW (females). Over half of participants consumed less than 1.2 g protein/kg BW/day (62% females, 57% males). Protein
intake was unevenly distributed throughout the day (CV = 0.48 for males and females) and was inadequate for reaching
0.4 g/kg BW/meal at breakfast and at the mid-day meal (males only). The main sources of protein at breakfast were milk
(28%), breakfast cereals (22%), and bread (12%); at the mid-day meal, bread (18%), cheese (10%) and milk (9%); and at the
evening meal, meat provided over half the protein (56%).
CONCLUSIONS: Protein intake for a high proportion of older adults was less than 1.2 g/kg BW/day, and unevenly distributed
through the day. Protein was obtained mainly from cereals and dairy products at breakfast and the mid-day meal, and meat
sources at the evening meal.
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1. Introduction

Globally, the population is getting older. In New
Zealand, people aged 65 years and older currently
constitute 15% of the population [1]. This is expected
to increase to 20% by 2026 and to more than 26%
by 2051 [2]. Muscle strength declines as people age
[3–7], and low muscle strength has been found to be
related to physical disability, poor physical perfor-
mance, and increased mortality [8, 9]. We previously
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identified that higher muscle mass was associated
with greater muscle strength in older adults in New
Zealand [10].

The homeostasis of muscle mass is regulated by
a dynamic turnover between muscle protein synthe-
sis (MPS) and muscle protein breakdown [11–15].
Aging is accompanied by a blunted MPS response
to protein ingestion, resulting in a decrease in muscle
mass in older adults [16–21]. The impairment of age-
related MPS can be reduced by the consumption of
an adequate quantity of high-quality protein, which
is distributed evenly throughout the day [22–24].

In Australia and New Zealand, the current rec-
ommended daily intake of protein is established
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as 0.9 g/kg body weight (BW)/day for females and
1.1 g/kg BW/day for males aged 70 years or older
[25]. However, older adults may require ≥ 1.2 g/kg
BW/day of protein to maximally stimulate MPS [22,
23]. This amount of protein (1.2 g/kg BW/day) cannot
be used by the human body all at one time and excess
protein consumed at one time cannot be stored for
later stimulation of MPS. A protein intake of 0.4 g/kg
body weight (BW) per meal has been found to provide
a pool of available amino acids that stimulates muscle
protein maximally in older adults [26, 27]. Further-
more, Mamerow et al. demonstrated that, MPS was
25% higher in those with a protein intake evenly dis-
tributed across three meals (∼0.4 g/kg BW per meal)
compared to those with an uneven distribution [24].

Protein quality refers to the protein’s composi-
tion of essential amino acids and their ability to be
digested, absorbed, and retained by the human body
[28, 29]. Proteins from animal sources contain all the
essential amino acids whereas plant proteins are often
missing or have low amounts of one or more essential
amino acids [30, 31]. Also, animal-based protein has
a higher digestibility compared to plant-based pro-
tein [32, 33]. Therefore, animal-based protein sources
such as meat, eggs and milk are considered to be of
higher quality than plant-based protein sources such
as cereals and legumes [30, 34].

In most Western countries, protein intake is
unevenly distributed throughout the day, with a high
proportion of older adults not reaching the thresh-
old of three daily meals containing ≥ 0.4 g/kg BW
of protein per meal [35, 36]. Hung et al. found a
lower protein intake was more common in people who
did not consume certain sources of protein, such as
dairy products [37]. Insight into the distribution and
sources of protein throughout the day would yield
valuable information for developing effective dietary
protein interventions that enable maximal MPS and
have the potential to increase and maintain mus-
cle mass in older adults. In this study, we aim to
investigate protein intake, distribution, and sources
in community-dwelling older adults in New Zealand.

2. Materials and methods

Data for this study were obtained from the
Researching Eating, Activity and Cognitive Health
(REACH) study. REACH was a cross-sectional study
with a main objective of investigating dietary pat-
terns and their associations with cognitive function

and metabolic syndrome in older adults [38]. The
study was granted ethical approval by the Massey
University Human Ethics Committee (Southern A,
Application 17/69), and all participants gave written
informed consent.

2.1. Study population

Participants were older adults aged between 65
and 74 years, proficient in English, and living inde-
pendently (i.e., not in residential care) in Auckland,
New Zealand. Participants were excluded if they had
a diagnosis of dementia or any other condition which
might impair cognitive function (e.g., head injury,
stroke), were taking medication which may influence
cognitive function, had colour blindness (due to cog-
nitive testing requirements), or had experienced any
other event in the last two years which may have had
a substantial impact on dietary intake or on cogni-
tion. The details of the recruitment and assessment
processes for the REACH study have been described
elsewhere [38].

2.2. Data collection

All participants visited the Human Nutrition
Research Unit at Massey University in Auckland,
New Zealand on one occasion for collection of data
as part of the REACH study. Socio-demographic data
(age, sex, ethnicity, level of education, and living
situation) were collected by written questionnaire.
Height and weight measurements were completed
by trained researchers using standardised procedures
from the protocol of the International Society for
the Advancement of Kinanthropometry (ISAK) [39].
Body height (in cm, to the nearest 0.1 cm) was mea-
sured without shoes using a stadiometer (SECA).
Body weight (in kg, to the nearest 0.1 kg) was
assessed using floor scales (Wedderburn). Body Mass
Index (BMI) was calculated using body weight in
kilograms divided by height (in metres) squared.

Dietary intake was recorded using a food record
completed in the week following the partici-
pant’s appointment. This included four consecutive
assigned days, with at least one weekend day. Par-
ticipants were given food record forms, a food
portion guide [40], and watched a video explaining
how to complete the food record. Participants were
instructed to adhere to their usual dietary habits and
provide a detailed description of all food and bever-
ages consumed (food, beverage, name, brand, variety,
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and cooking method), portion sizes, and the time of
intake. Participants were asked to send their com-
pleted food record back to the research team by post
within one month of the study visit. In cases where
data were unclear or missing, a follow-up phone call
was conducted, in which participants gave verbal
clarification.

2.3. Data handling

The four-day food records were processed by
trained nutritionists and dietitians using FoodWorks
10 [41]. FoodWorks 10 is based on the New Zealand
Food Composition database [42]. A register of com-
mon food items was kept, ensuring consistency in
data entry among the nutritionists. Where necessary,
recipes (and the number of servings provided) were
entered into FoodWorks 10. All food record entries
were checked by a New Zealand registered dietitian
for accurate data entry. Outliers identified using his-
tograms were checked with the original food diaries
to ensure accuracy.

Daily total energy and macronutrient intake data
were generated. Average daily energy intake was con-
sidered implausible if energy intake was < 2100 kJ
(500 kcal) or > 14 700 kJ (3500 kcal) for females
and < 3360 kJ (800 kcal) or > 16 800 kJ (4000 kcal)
for males [43]. Percentages of energy from carbohy-
drates, total fats, and proteins were calculated [25].
Relative protein intake in g/kg BW was calculated by
dividing absolute protein intake per day by each par-
ticipant’s body weight. To determine the percentage
of participants who met dietary protein recommen-
dations, relative protein intake were compared with
the Australia and New Zealand estimated average
requirements (EAR) for adults aged between 19 and
70 years (0.60 g/kg BW/day for females and 0.68 g/kg
BW/day for males) and older adults aged 70 years or
more (0.75 g/kg BW/day for females and 0.86 g/kg
BW/day for males) [25]. Relative protein intake was
also compared against a cut-off value of 1.2 g/kg
BW/day [22, 23].

To define meals consumed by participants, time of
intake was split into one-hour slots. The time of day
at which protein was consumed was assessed. Days
were divided into three meals, according to the peaks
of protein consumption across the day [37]. Protein
(in g/kg BW) was calculated at breakfast, the mid-day
meal, and the evening meal. The distribution of pro-
tein across the three meals for each participant was
expressed as the dimensionless coefficient of varia-

tion (CV) of protein intake at breakfast, the mid-day
meal, and the evening meal (CV = standard deviation
of protein intake of the three meals (g)/total protein
intake for the three meals (g)). A CV of zero would
indicate an even distribution of protein across the day
[44].

All foods from the food records were allocated into
one of 27 food groups based on the main sources of
protein intake identified in the 2008/09 New Zealand
Adults Nutrition Survey [45]. Each food group was
classified as meat, plant, dairy, or egg protein accord-
ing to the main type of protein it contained. For each
meal, protein quantity (g/meal) was assessed for each
food group and presented as a percentage of total
protein for that meal.

2.4. Statistical analysis

Statistical analysis was performed using IBM
SPSS Statistics for Windows, version 27.0 (IBM
SPSS, Armonk, NY, USA) [46]. Descriptive statistics
were generated for participants’ characteristics and
dietary intake data. Continuous data were assessed
for normality using Shapiro Wilk tests and visual
assessment of histograms. Data were reported as
mean ± standard deviation (SD) if normally dis-
tributed, or median and interquartile range (25th, 75th
percentile) if non-normally distributed. Percentages
were used for categorical data. Differences between
groups were analysed using Mann–Whitney U tests
for non-normally distributed scale data and a Chi-
squared test of independence for categorical data.
Results were considered significant at p < 0.05.

For assessment of food sources of protein that were
predictors of high protein intake at each meal, we used
logistic regression analysis due to the dichotomous
nature of high protein intake define as ≥ 0.4 g/kg BW
protein per meal.

First, the association between high protein intake
(≥0.4 g/kg BW per meal) and protein (g per meal)
for each of the 27 food groups was examined for
each meal using separate univariable logistic regres-
sion analyses. We applied a cut-off p-value of <0.01
to select the relevant food item for the multivariable
model. Foods that were significant contributors to
high protein intake in one meal (e.g, red meat at the
lunch and the evening meal) were not further consid-
ered at other meals (e.g., breakfast) due to their low
contribution of protein intake to that meal.

Following this initial screening, food groups which
met the criteria described above (p-value of < 0.01)
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were entered into a logistic regression analysis gen-
erated using a manual backward stepwise selection
approach for each meal. At each step, variables with a
p-value ≥ 0.05 were removed from the model until all
remaining variables had p-values<0.001. Throughout
this process, food groups were examined to ensure
they were important contributors of protein intake.
For example, the food group ‘alcoholic beverages’
was removed in the manual backward stepwise selec-
tion approach for the evening meal multivariable
model as its contribution to protein intake was mini-
mal.

3. Results

Three hundred and seventy-one participants took
part in this study. Forty-one participants did not pro-
vide food records, and three had incomplete food
record data, leaving 327 participants to be included
in the analysis (Table 1). The median age was 70
years (68, 72) and the median BMI 25.6 kg/m2 (23.0,
28.2), which fell in the overweight BMI category
(BMI between 25–29.9 kg/m2). The majority of par-
ticipants were of New Zealand European or European
ethnicity (94.8%). Males were more likely to have a
university education (p < 0.01) and to live with others
(p < 0.01).

Daily energy, macronutrient, and protein intake
in older adults are shown in Table 2. In terms of

percentage of energy intake (EI), females consumed
significantly less carbohydrate (p = 0.01) but more
total fats (p = 0.04) than males. Absolute protein
intake per day was lower for females (74.71 g/day)
than for males (95.86 g/day) (p < 0.01) and accounted
for 16.9% and 16.7% of their energy intakes,
respectively (p = 0.45). Median (25th, 75th per-
centile) relative protein intake was 1.2 (0.9, 1.4)
g/kg BW in males and 1.1 (0.9, 1.3) g/kg BW in
females (p = 0.37). Two (3.7%) males and no females
aged 65 to 70 years consumed less than the EAR
for protein, while 13 (22%) males and 8 (8.9%)
females older than 70 years consumed less than
the EAR (25). Over half of the participants did
not meet the intake of ≥ 1.2 g/kg BW to maximally
stimulate MPS (61.7% females and 56.6% males)
(Table 2).

The time of day at which protein was consumed
is shown in Fig. 1. The amount of protein consumed
differed across hours of the day, with peaks between
05 : 30 and 11 : 29 hours (mostly breakfast), 11 : 30
and 16 : 29 (mostly the mid-day meal) and 16 : 30 and
21 : 29 (mostly the evening meal).

Protein intake was unevenly distributed across the
day, as indicated by a mean CV of 0.48 ± 0.22 in
males and 0.48 ± 0.23 in females. For males, the
mean ± SD protein intakes at breakfast, the mid-day
meal, and the evening meal were 0.29 ± 0.14 g/kg
BW, 0.31 ± 0.13 g/kg BW, and 0.57 ± 0.20 g/kg BW,
respectively. For females, the mean ± SD protein

Table 1

Characteristics of Participantsa,b

Characteristics Total Males Females p-value

n (%) 327 113 (34.6%) 214 (65.4%)
Age, years 69.66 (67.90, 71.56) 70.26 (68.45, 71.94) 69.27 (67.50, 71.42) 0.01*
Ethnicity, n (%) 0.98

NZ European/other 310 (94.8) 107 (94.7) 203 (94.9)
Māori/Pacific 8 (2.4) 3 (2.7) 5 (2.3)
Asian 9 (2.8) 3 (2.7) 6 (2.8)

Height, cm 166.70 (160.20, 173.00) 176.90 (171.90, 180.90) 163.40 (158.50, 167.50) <0.01**
Body weight, kg 71.10 (63.20, 81.45) 81.45 (73.70, 89.30) 66.95 (59.52, 74.60) <0.01**
Body mass index, kg/m2 25.62 (23.05, 28.18) 26.35 (24.32, 28.27) 25.26 (22.69, 28.08) 0.02*
Highest level of education, n (%) <0.01**

No qualification 6 (1.8) 1 (0.9) 5 (2.3)
Secondary 68 (20.8) 14 (12.4) 54 (25.2)
Post-secondary 136 (41.6) 44 (38.9) 92 (43.0)
University 117 (35.8) 54 (47.8) 63 (29.4)

Living situation, n (%) <0.01**
Alone 97 (29.7) 14 (12.4) 83 (38.8)
With others 230 (70.3) 99 (87.6) 131 (61.2)

aContinuous values are expressed as median (25th, 75th percentile). bCategorical values are expressed as frequency (percentage). Sex
difference at **p < 0.01, *p < 0.05.
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Table 2

Median daily energy, macronutrient, and protein intake in older adults by sexa,b

Nutrient Total Males Females p-value

Energy intake, kJ/day 7911 (6717, 9271) 9239 (7920, 10730) 7434 (6344, 8460) <0.01**
Carbohydrate, g/day 186.9 (147.1, 225.9) 222.9 (185.2, 262.6) 173.1 (136.4, 201.4) <0.01**
Carbohydrate %EI 39.38 (34.34, 44.39) 41.61 (35.11, 45.62) 38.60 (34.03, 43.57) 0.01*
Total fat, g/day 76.67 (63.60, 94.12) 90.84 (69.45, 107.71) 72.91 (61.71, 86.36) <0.01**
Total fat %EI 36.71 (32.93, 40.89) 35.69 (31.38, 40.11) 37.41 (33.89, 41.13) 0.04*
Protein intake, g/day 79.21 (67.26, 97.19) 95.86 (77.52, 107.16) 74.71 (63.41, 87.86) <0.01**
Protein %EI 16.83 (15.12, 18.99) 16.68 (14.89, 18.76) 16.89 (15.28, 19.09) 0.45
Protein intake, g/kg BW/day 1.12 (0.94, 1.35) 1.16 (0.94, 1.40) 1.09 (0.94, 1.32) 0.37
Protein intakec

<0.60 g/kg BW for females or
<0.68 g/kg BW for males, n (%)

2 (1.1) 2 (3.7) 0 (0.0) <0.01**

Protein intaked

<0.75 g/kg BW for females or
<0.86 g/kg BW for males, n (%)

21 (14.1) 13 (22) 8 (8.9) <0.01**

Protein intake < 1.2 g/kg BW, n (%) 196 (59.9) 64 (56.6) 132 (61.7) <0.01**

aContinuous values are expressed as median (25th, 75th percentile). bCategorical values are expressed as frequency (percentage). cThe
Australia and New Zealand estimated average requirements (EAR) for adults aged between 65 and 70 years (n = 178). dThe Australia and
New Zealand estimated average requirements (EAR) for older adults aged 70 years or more (n = 149). Sex difference at **p < 0.01, *p < 0.05.
Abbreviations: Body weight (BW), energy intake (EI).

Fig. 1. Distribution of dietary protein intake across the day in
community-dwelling older adults.

intakes were 0.24 ± 0.12 g/kg BW, 0.35 ± 0.14 g/kg
BW, and 0.55 ± 0.18 g/kg BW respectively (Fig. 2).

Intake and relative contribution of protein from dif-
ferent food sources at each meal are shown in Table 3.
Plant proteins were the main proteins at breakfast
and the mid-day meal (53% and 49%, respectively),
while meat was the main proteins at the evening meal
(56%). At breakfast, participants primarily consumed
protein from milk (5 g), breakfast cereal (4 g), and
bread (2 g). Protein intake at the mid-day meal was
mainly from bread (4 g), cheese (2 g), and milk (2 g).
At the evening meal, the main sources of protein were
red meat, poultry, and fish and shellfish (9 g, 6 g, and
6 g, respectively).

Table 4 shows the results of the multivariable
logistic regression models for prediction of protein

Fig. 2. Relative protein intakes for breakfast, the mid-day meal,
and the evening meal, by sex. The dotted line represents the
suggested protein intake for maximal muscle protein synthesis
stimulation of 0.4 g/kg BW/day.

intake ≥ 0.4 g/kg BW at breakfast (n = 39), the mid-
day meal (n = 87), and the evening meal (n = 266).
Of the 27 food groups, bread, breakfast cereal, milk,
and yoghurt were predictors of having a protein
intake ≥ 0.4 g/kg BW at breakfast. At the mid-day
meal cheese, eggs and egg products, fish and shell-
fish, milk, nuts and seeds, poultry, red meat, and
vegetables were significantly associated with high
protein intake (≥0.4 g/kg BW/meal). The multi-
variable logistic regression model for prediction of
protein intake ≥ 0.4 g/kg BW at the evening meal
included poultry, red meat, fish and shellfish, and
processed meat.
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Table 3

Average intake and relative contribution of protein from different food sources at each meal

Sources of protein Breakfast Mid-day meal Evening meal
Protein Relative Protein Relative Protein Relative
intake, contribution intake, contribution intake, contribution
g/meal of protein, % g/meal of protein, % g/meal of protein, %

Meat 0.70 ± 1.93 3.07 ± 7.80 6.88 ± 7.01 25.73 ± 21.22 23.13 ± 11.98 55.99 ± 19.18
Red meat 0.06 ± 0.54 0.28 ± 2.72 1.62 ± 4.11 5.27 ± 11.65 8.96 ± 9.07 21.22 ± 19.50
Poultry 0.04 ± 0.55 0.13 ± 1.38 1.46 ± 3.42 5.18 ± 11.49 6.26 ± 7.48 15.15 ± 16.89
Fish and shellfish 0.07 ± 0.49 0.39 ± 3.12 1.97 ± 3.32 7.73 ± 13.13 5.53 ± 6.70 13.58 ± 15.03
Processed meat 0.50 ± 1.62 2.13 ± 6.60 1.78 ± 3.11 7.30 ± 12.41 2.32 ± 3.92 5.88 ± 9.74
Animal fat 0.03 ± 0.96 0.15 ± 0.57 0.05 ± 0.15 0.22 ± 0.78 0.06 ± 0.16 0.16 ± 0.49
Dairy and eggs 8.33 ± 5.70 44.05 ± 20.78 5.90 ± 4.46 25.40 ± 17.72 4.69 ± 4.03 12.54 ± 11.11

Milk 5.31 ± 4.80 28.06 ± 20.08 2.05 ± 2.23 9.24 ± 10.68 1.28 ± 1.75 3.35 ± 4.78
Cheese 0.34 ± 1.00 1.79 ± 5.26 2.30 ± 3.10 9.49 ± 11.27 1.81 ± 2.59 4.59 ± 6.47
Yoghurt 1.22 ± 2.28 6.60 ± 10.73 0.21 ± 0.82 0.99 ± 3.73 0.36 ± 1.02 1.02 ± 3.10
Eggs and egg products 1.46 ± 2.79 7.60 ± 14.28 1.33 ± 2.28 5.69 ± 9.61 1.25 ± 2.07 3.57 ± 5.98

Plant 9.52 ± 5.46 52.88 ± 21.10 10.84 ± 5.27 48.87 ± 20.68 11.75 ± 5.38 31.48 ± 15.49
Bread 2.12 ± 2.71 12.15 ± 16.09 3.92 ± 3.05 17.46 ± 14.42 1.23 ± 2.04 3.39 ± 5.76
Breakfast cereal 4.25 ± 4.40 21.61 ± 19.46 0.17 ± 1.53 0.70 ± 5.83 0.06 ± 0.35 0.15 ± 0.85
Vegetables 0.18 ± 0.88 0.90 ± 3.65 1.14 ± 1.71 4.93 ± 7.35 3.45 ± 2.64 9.30 ± 7.38
Soups, bouillon 0.02 ± 0.27 0.08 ± 1.14 0.93 ± 3.00 3.84 ± 10.50 0.46 ± 1.47 1.38 ± 4.65
Fruits 0.83 ± 0.87 5.75 ± 9.01 0.74 ± 0.76 4.03 ± 8.24 0.47 ± 0.60 1.33 ± 1.86
Potato, kumara, taro, and 0.03 ± 1.17 0.13 ± 0.69 0.26 ± 0.73 1.21 ± 4.87 1.34 ± 1.35 3.41 ± 3.28
other root vegetables
Pasta, rice, other grains 0.06 ± 0.45 0.36 ± 2.43 0.40 ± 1.23 1.74 ± 6.00 1.41 ± 1.98 3.60 ± 5.02
Plant-based milks and cream 0.14 ± 0.60 0.97 ± 4.22 0.02 ± 0.14 0.08 ± 0.51 0.03 ± 0.20 0.10 ± 0.76
Soy products 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.38 0.17 ± 1.62 0.21 ± 1.10 0.69 ± 4.26
Nuts and seeds 0.85 ± 1.72 4.91 ± 9.91 0.89 ± 2.08 3.66 ± 7.48 0.81 ± 1.72 2.10 ± 4.36
Biscuits 0.10 ± 0.29 0.61 ± 1.75 0.18 ± 0.37 0.83 ± 1.79 0.18 ± 0.42 0.48 ± 1.13
Cakes and desserts 0.50 ± 1.14 2.93 ± 7.63 1.16 ± 1.80 5.64 ± 9.90 0.43 ± 0.86 1.22 ± 2.67
Snacks 0.16 ± 0.83 0.76 ± 3.01 0.53 ± 1.05 2.56 ± 6.05 0.50 ± 0.88 1.35 ± 2.57
Sugar and confectionery 0.17 ± 0.51 0.95 ± 2.64 0.18 ± 0.42 0.74 ± 1.74 0.37 ± 0.78 0.97 ± 2.13
Alcoholic beverages 0.00 ± 0.02 0.004 ± 0.06 0.05 ± 0.19 0.25 ± 1.05 0.26 ± 0.44 0.64 ± 0.98
Non-alcoholic beverages 0.08 ± 0.27 0.66 ± 3.50 0.09 ± 0.32 0.38 ± 1.19 0.06 ± 0.19 0.16 ± 0.48
Vegetable oils 0.01 ± 0.03 0.04 ± 0.22 0.02 ± 0.11 0.09 ± 0.74 0.04 ± 0.25 0.10 ± 0.65
Sauces and spices 0.01 ± 0.04 0.08 ± 2.29 0.13 ± 0.54 0.57 ± 2.52 0.44 ± 1.04 1.12 ± 2.53

Values are expressed as mean ± SD.

4. Discussion

This study aimed to investigate protein intake, dis-
tribution, and sources in community-dwelling older
adults living in New Zealand. The current EAR for
protein in Australia and New Zealand was met by
most participants, whereas a high proportion of older
adults did not meet the protein threshold of ≥ 1.2 g/kg
BW/day. As expected, an uneven distribution of pro-
tein intake was observed, which was insufficient to
reach 0.4 g/kg BW/meal at breakfast (for both males
and females) and at the mid-day meal for males. We
found milk, breakfast cereals, and bread were the
main sources of proteins at breakfast; bread, cheese,
and milk at the mid-day meal, with meat providing
over half the protein at the evening meal. In addi-
tion, we revealed that the probability of having a

high protein intake at meal times increased with the
consumption of bread, breakfast cereal, milk, and
yoghurt at breakfast; cheese, eggs and egg products,
fish and shellfish, milk, nuts and seeds, poultry, red
meat, and vegetables at the mid-day meal; and poul-
try, red meat, fish and shellfish, and processed meat
at the evening meal.

4.1. Prevalence of low protein intake

Protein intake can be presented as absolute grams
(g), grams per kilogram body weight (g/kg BW),
grams per kilogram of ideal body weight (g/kg IBW),
or as a percentage of total energy (%EI). Recom-
mended intakes for protein in older adults differ
between the USA [47], Japan [48], Nordic coun-
tries [49], Australia and New Zealand [25], which
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Table 4

Final model for prediction of protein intake ≥ 0.4 g/kg BW at each meal

�a S.E. Wald Sig.b Exp (�)c

Model Breakfast
Constant –6.161 0.724 72.415 <0.0001 0.002
Food group (g/day)d

Bread 0.339 0.079 18.215 <0.0001 1.403
Breakfast cereals 0.219 0.045 23.370 <0.0001 1.245
Milk 0.214 0.045 22.510 <0.0001 1.239
Yoghurt 0.289 0.076 14.478 <0.0001 1.336

Model Mid-day meal
Constant –4.475 0.486 84.610 <0.0001 0.011
Food group (g/day)d

Cheese 0.210 0.055 14.586 <0.0001 1.234
Eggs and egg products 0.268 0.069 14.920 <0.0001 1.308
Fish and shellfish 0.195 0.048 16.450 <0.0001 1.215
Milk 0.266 0.071 13.819 <0.0001 1.304
Nuts and seeds 0.335 0.081 16.945 <0.0001 1.399
Poultry 0.244 0.051 22.521 <0.0001 1.276
Red meat 0.174 0.043 16.546 <0.0001 1.190
Vegetables 0.294 0.086 11.831 0.001 1.342

Model Evening meal
Constant –1.127 0.355 10.096 0.001 0.324
Food group (g/day)d

Red meat 0.117 0.025 22.657 <0.0001 1.124
Processed meat 0.207 0.060 11.750 0.001 1.229
Poultry 0.129 0.030 18.188 <0.0001 1.138
Fish and shellfish 0.166 0.037 19.999 <0.0001 1.180

a�, unstandardised regression coefficient. bP-value <0.01 considered significant. cExp (�), exponenti-
ation of the � coefficient, an odds ratio. S.E., standard error; Wald, Wald statistic. dFood items from the
four-day food record were collapsed into 27 food groups.

limits the interpretation of findings in the current
study. A study conducted in age-advanced Māori
(81–91 years) and non-Māori (85 years) showed
that 36% and 43% Māori females and males con-
sumed less than the EAR for protein for adults
aged 70 years or more (0.75 g/kg BW/day (females),
0.86 g/kg BW/day (males)). This was lower in non-
Māori (28% females, 29% males) [50]. In the present
study, no females (aged between 65 and 70 years)
had a protein intake of < 0.60 g/kg BW, while 3.7%
of males had a protein intake of < 0.68 g/kg BW.
There was a higher prevalence of low protein intake
(<0.75 g/kg BW/day (for females), and < 0.86 g/kg
BW/day (males)) in older adults aged 70 years or
more (22% for males and 8.9% for females). This
higher prevalence may be due to a number of factors
such as the higher EAR set within the Australia and
New Zealand guidelines, as well as reduced appetite,
dental issues, impaired taste, and swallowing diffi-
culties that occur as older adults age [50, 51].

We found 62% of females and 57% of males
had a low protein intake of < 1.2 g/kg BW. We also
showed that protein intake was inadequate for reach-

ing 0.4 g/kg BW/meal at breakfast for both males and
females and at the mid-day meal for males. These
findings suggest that a high proportion of older adults
are at a potential risk of insufficient protein for opti-
mal MPS stimulation through the day.

4.2. Distribution of protein intake

Different approaches have been used to define
meals [52]. In this study, we used a time-of-day
approach, using the time of intake provided by par-
ticipants. We found that the highest peaks for eating
protein occurred between 05 : 30 and 11 : 29, 11 : 30
and 16 : 29, and 16 : 30 and 21 : 29 hours, which
we defined as breakfast, the mid-day meal, and the
evening meal, respectively. Using the same approach,
Cardon-Thomas et al. found that similar peaks for
eating protein occurred between 05 : 00 and 11 : 00
(breakfast), 11 : 00 and 16 : 00 (lunch), and 16 : 00 and
23 : 59 (dinner) [36].

When we analysed the distribution of protein
intake across breakfast, the mid-day meal, and the
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evening meal, we found an uneven distribution
of protein intake (CV = 0.48 in both males and
females), with the highest amount of protein being
consumed at the evening meal and the lowest at
breakfast. This finding is consistent with obser-
vations from British [36], Dutch [53], and USA
[54] studies of older adults. Studies from Mex-
ico [55], Germany [35], and France [56] in older
adults also found an uneven distribution of protein
intake, but with the highest amount of protein being
consumed at the mid-day meal. Variation can be
explained by the cultural and eating habits of each
country.

4.3. Relative contribution of protein from
different food sources

Within five hours of eating a meal containing pro-
tein, approximately 55% of dietary protein-derived
amino acids of that protein circulate in blood [57].
About 20% of these amino acids will be absorbed in
muscle tissue to stimulate MPS and/or provide the
precursors for de novo MPS [58–60]. There are key
amino acids more available in animal-based proteins
that are crucial to healthier aging, and are known
to enhance MPS simulation in older adults com-
pared with plant proteins [30, 34, 61]. Identifying
dietary protein sources at each meal could be an
important step towards novel strategies to increase
MPS at each meal in older adults. In the present
study, participants primarily consumed protein from
milk, breakfast cereal, and bread at breakfast; bread,
cheese, and milk at mid-day; and meat-derived pro-
teins (red meat, poultry, and fish and shellfish) at
the evening meal. Breakfast cereals and most cereal
based products are low quality proteins due to their
low digestibility-corrected amino acid score [62–64].
The addition of dairy products such as milk to the
breakfast meal results in a meal that contains high-
quality proteins, which might enhance MPS in older
adults [63].

4.4. Sources of protein determining high protein
intake

Mendonça et al. demonstrated that the sources that
contributed to protein intake differ between the low
and the high protein intake group. Those with a low
protein intake obtained relatively less protein from
meat, but more from cereals than those with a high
protein intake [65]. The same differences in meat and

cereal consumption were found in the Newcastle 85+
Study [66]. These findings suggested that higher pro-
tein intake across the day may be associated with the
consumption of certain sources of protein.

To our knowledge, this is the first study inves-
tigating the association between sources of protein
and high protein intake (≥0.4 g/kg BW/meal) at each
meal. Our study found the consumption of bread,
breakfast cereal, milk, and yoghurt were associated
with high protein intake at breakfast; cheese, eggs
and egg products, fish and shellfish, milk, nuts and
seeds, poultry, red meat, and vegetables were associ-
ated with high protein intake at the mid-day meal; and
poultry, red meat, fish and shellfish, and processed
meat were associated with high protein intake at the
evening meal. The food groups and meals highlighted
in the current study can be targeted in future interven-
tions or recommendations to help increase protein
intake.

5. Strengths and limitations

There were significant strengths to our study. One
of the main strengths was the use of food records,
which are considered to be the gold standard of
dietary assessment methods and are the most accu-
rate in estimating actual habitual dietary intakes [67].
Our study also used the time-of-day approach to
define the three meals in our population, as timing
of meals is potentially influenced by local or cul-
tural factors. The inclusion of community-dwelling
healthy older adults in this study provided the oppor-
tunity to identify inadequate protein intake, which
may help promote preventive action in early old age.
However, the findings of this study also have vari-
ous limitations. Firstly, our study population was not
representative of the New Zealand population as a
whole, therefore the results cannot be generalised
to the rest of to the New Zealand population. Our
findings are representative of healthy, community-
dwelling older adults, and so provide little insight into
the dietary protein requirements of sub-populations
of older adults, such as frail older adults, those in resi-
dential care, or those who are hospitalised. Finally, as
with all dietary assessment instruments, food records
are restricted to participant self-report. Although self-
reported and subjective opinions provide valuable
insights, they may be affected by social desirabil-
ity bias and hypothetical bias, and, hence, may not
accurately represent actual behaviour.
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6. Conclusion

In this study, the protein intake for a high pro-
portion of older adults was less than 1.2 g/kg BW,
and was unevenly distributed through the day, being
obtained from cereals and dairy products at break-
fast and the mid-day meal, and meat sources at
the evening meal. Identifying which sources of pro-
tein are associated with meeting a protein intake of
0.4 g/kg BW/meal has the potential to facilitate tar-
geted dietary advice for older adults. Future research
should focus on the sources and timing of protein
intake, so as to develop effective protein dietary inter-
ventions that enable maximal MPS across the day,
with the potential to increase muscle mass in older
adults.
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[55] Gaytán-González A, Ocampo-Alfaro MJ, Torres-Naranjo F,
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