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Abstract: The dietary role of meat is under scrutiny for health and environmental reasons, yet a
growing body of evidence proposes that advice to limit red meat consumption is unnecessarily
restrictive. The aim of this study was to investigate the role of ‘fresh beef and lamb’ in the diet
of the population (5-90 years) in Ireland and its association with markers of nutrition and health
status. Analyses are based on data from three nationally representative dietary surveys in the
Republic of Ireland. Dietary intake data were estimated using food records, and nutrient intakes
were estimated based on UK and Irish food composition tables. Biochemical samples were collected
and analysed using standard procedures. ‘Fresh beef and lamb’ (defined as beef/lamb that had not
undergone any preserving process other than chilling/freezing/quick-freezing) was consumed by
68-84% of the population and intakes ranged from 19 to 43 g/d across age groups. It made important
contributions to intakes of protein, monounsaturated fat, vitamins D, B12, niacin, iron and zinc while
also contributing relatively small proportions of total fat, saturated fat and salt. Higher consumption
of ‘fresh beef and lamb’ was associated with higher intakes of protein, niacin, vitamins B6, B12, zinc
and potassium (but also total fat) and lower intakes of carbohydrate and total sugars (but also dietary
fibre). In adults, older adults and WCBA, higher consumption of ‘fresh beef and lamb’ was not
associated with increased risk factors of cardio-metabolic diseases nor was it associated with better
or poorer nutritional status for vitamins D, B12 or iron. This study adds to the evidence base on
the contribution of ‘fresh beef and lamb’ in the diet and may be useful to policymakers updating
guidance for healthy diets from sustainable food systems.
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1. Introduction

The role of meat in the diet is currently under scrutiny for both health and environmen-
tal reasons, amplified by the recent report of the EAT-Lancet commission recommending an
extreme reduction in the consumption of processed and red meat as part of a healthy diet
from sustainable food systems [1]. Food-based dietary guidelines (FBDG) in the developed
world recommend consuming lean meat in some form due to its contribution to the intake
of key nutrients such as protein, iron, zinc and vitamin B12, but to consume little if any
processed meat and to limit the intake of red meat [2]. Furthermore, the World Cancer
Research Fund (WCRF) recommends consuming < 500 g of red meat per week and very
little if any processed meat, while the UK Scientific Advisory Committee on Nutrition
(SACN) recommends limiting red and processed meat consumption to <70 g per day [34].
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These limits on processed and red meat are based on findings from epidemiological studies
which have suggested associations between red and processed meat consumption and
an increased risk of non-communicable diseases including cardiovascular disease, type
2 diabetes mellitus and certain cancers [5-9].

However, a growing body of evidence proposes that dietary advice to limit red meat
for health benefits is unnecessarily restrictive, with some literature suggesting that the
causal relationships between red meat and mortality are not supported by the evidence and
that the negative health outcomes previously linked to red meat consumption are associated
with the wider dietary patterns associated with being a red meat consumer [10-13]. Further-
more, recent randomized controlled trials have shown no benefit of choosing white meat
over red meat for reducing CVD risk based on lipid and lipoprotein effects and have also
shown that the benefits of a healthy, low saturated fat, Mediterranean-style diet were not
attenuated by the inclusion of smaller to moderate amounts (<71 g/d) of lean beef [14,15].
Subsequently, many researchers are now emphasizing the importance of distinguishing
between unprocessed red meats such as beef, veal, pork and lamb and processed meats
such as bacon, sausages, bologna and salami [11,16-18] due to processed meats being a
greater source of saturated fat and sodium in the diet than fresh unprocessed red meat [18].

Globally, national dietary surveys report that fresh red meat including beef and
lamb (and their dishes) make important contributions to intakes of protein, vitamin B12,
vitamin D, iron, zinc and selenium [19-24]. A recent study in the UK has shown that
females (a population group who already have some of the lowest red meat intakes) with
intakes of red meat < 40 g/day were more likely to have intakes of iron, zinc, vitamin B12
and potassium below the lower reference nutrient intake (LRNI) than those with intakes
of >40 g/d [25]. Furthermore, studies of adolescent and adult groups have shown no
difference in markers of health and cardio-metabolic diseases between those consuming up
to 70 g/d or >6 servings/week of fresh red meat compared to those consuming smaller
amounts/less frequently [26,27]. With the European Commission FOOD 2030 report on
nutrition highlighting the development of FBDG for healthy and sustainable diets as an
enabler of change [28] and countries globally incorporating environmental sustainability
and sociocultural factors in their updated FBDG, it is necessary to have baseline information
on the current contributions of food groups including red meat to the diets of population
groups. Therefore, the aims of the current study are to investigate the role of ‘fresh beef
and lamb’ in the diets of the population aged 5-90 years in Ireland including vulnerable
groups such as children, women of childbearing age (WCBA) and older adults, and the
association of ‘fresh beef and lamb’ with markers of nutrition and health status in adult
population groups.

2. Materials and Methods
2.1. Study Sample

Analyses for the present study are based on food consumption data for children,
teenagers and adults in the Republic of Ireland (ROI) available through three nationally
representative dietary surveys: the National Children’s Food Survey (NCFS) (5-12 years)
(2003-04), the National Teens” Food Survey (NTFS) (13-17 years) (2005-06) and the National
Adult Nutrition Survey (NANS) (18-90 years) (2008-10) (www.iuna.net [accessed on 1 Au-
gust 2022]). All studies were conducted according to the guidelines laid down in the
Declaration of Helsinki and ethical approval was obtained from St James” Hospital and
Federated Dublin Voluntary Hospitals Joint Research Ethics Committee for the NCFS and
the University College Cork Clinical Research Ethics Committee of the Cork Teaching
Hospitals for the NTES and the NANS. Written informed consent was obtained from the
participants themselves for those aged >18 years and from the participants and their
parents/guardians for those aged <17 years.


www.iuna.net
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2.2. Sampling and Recruitment

A sample of 594 children aged 5-12 years (boys: 293, girls: 301) and 441 teenagers aged
13-17 years (boys: 224, girls: 217) were selected from databases of primary and secondary
schools provided by the Department of Education and Science for the NCFS and NTES,
respectively. For the NANS, a sample of 1500 adults (men: 740, women: 760), who were
free-living and not pregnant or breastfeeding, were randomly selected from a database
of names and addresses held by Data Ireland (A Post). Each survey was shown to be
representative of the intended population group with respect to age group, sex, social class
and geographical location when compared to the most recent census at the time of each
survey [29,30]. The response rates for the NCFS, NTFS and NANS were 66%, 63% and
60%, respectively.

2.3. Dietary Intake Assessment

Food and beverage consumption data were collected at brand level using a 7-day
weighed food record for the NCFS, a 7-day semi-weighed food record for the NTFS and a
4-day semi-weighed food record for the NANS. A hierarchal method was used to quantify
the amount of each food/beverage consumed and included direct weighing of the food
by participants, weights provided on product labels or from manufacturers, use of a
photographic food atlas [31], standard food portion sizes [32], household measures and
estimated quantities (for a small number of foods based on participants previous habits).
Nutrient intakes were estimated using WISP©O (Tinuviel Software, Anglesey, UK), which
contained food composition data from McCance and Widdowson’s The Composition of
Foods sixth [33] and fifth [34] editions plus all nine supplemental volumes [35-43]. During
each survey, modifications were made to the food composition database to include recipes
of composite dishes, food supplements, fortified foods, generic Irish foods that were
commonly consumed and to update values for total fat, saturated fat, monounsaturated fat
(MUFA), polyunsaturated fat (PUFA), free sugar, sodium and vitamin D, the details of which
are outlined in detail elsewhere [44-47]. To facilitate dietary intake assessment, participants
were asked to provide the packaging labels of all food and beverages consumed.

2.4. Biomarkers of Nutritional and Health Status

In the NANS only, participants were also asked to provide a blood and urine sample, of
which 76% of participants (n 1138) provided a blood sample (79% fasting) and 75% provided
a morning first void urine sample (1 1121). Serum total cholesterol (mmol/L), serum TAG
(mmol/L), serum direct HDL cholesterol (mmol/L), serum 25-hydroxyvitamin D (nmol/L),
serum vitamin B12 (pmol/L), haemoglobin (g/dL) serum ferritin (ng/mL), urinary sodium
(mmol/L), and urinary potassium (mmol/L) were measured using standard methodologies,
as described in detail elsewhere [47-50]. LDL-cholesterol levels (mmol/L) were calculated
as (Total cholesterol/HDL cholesterol) —(TAG/2-2). Urinary molar sodium potassium ratio
(Na:K) was calculated for each participant as Na (mmol/L)/K(mmol/L), with a value of
0.6 being subtracted from each individual value to correct for timing bias associated with
circadian rhythms [51]. Systolic and diastolic blood pressure (BP) were measured using a
blood pressure monitor (OMRON M6 Comfort) by a trained researcher in the participant’s
own home. The reading was taken in triplicate from the right arm, where possible, with
five-minute intervals between each measurement by standard procedures.

2.5. Defining ‘Fresh Beef and Lamb’

In the present analysis, ‘fresh beef and lamb” included any beef or lamb that had
not undergone any preserving process other than chilling, freezing or quick freezing and
included beef or lamb which was vacuum wrapped or wrapped in a controlled atmosphere.
Beef and lamb that had been treated with any preservatives (other than salt) was excluded
from these analyses. Intakes of ‘fresh beef and lamb’ were estimated from discrete cuts and
also from composite dishes (following disaggregation of the non-meat components, e.g.,
potatoes, pasta, vegetables, sauces and oils). Previous analysis has shown that failure to
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disaggregate composite foods substantially overestimates meat intakes by approximately
74% for beef and 51% for lamb [52].

2.6. Estimation of ‘Fresh Beef and Lamb’ Intake and Contribution to Energy and Nutrient Intakes

The mean daily intake (MDI) (g/d) of ‘fresh beef and lamb” was calculated for in-
dividuals by summing their total intake of ‘fresh beef and lamb’ over the survey period
and dividing by the number of survey days (NCFS and NTFS: 7 days, NANS: 4 days)
for all population groups of interest (children, teenagers, adults, older adults, WCBA).
Consumers were defined as those who consumed any amount of ‘fresh beef or lamb’ on any
day during the survey period. The contribution of ‘fresh beef and lamb’ to intake of energy
and selected nutrients was estimated including the non-meat components of composite
dishes using the mean proportion method for ‘fresh beef and lamb’ consumers only. This
method provides information about the sources that are contributing to the nutrient intake

‘per person’ and is the preferred method when determining important food sources of a

nutrient for individuals in the population group as opposed to investigating the sources of
a nutrient within the food supply [53].

2.7. Association of ‘Fresh Beef and Lamb’ Consumption with Nutrient Intakes, Biochemical
Markers of Nutritional Status and Blood Pressure Measurements in Consumers Only

To identify any associations between ‘fresh beef and lamb’ consumption and energy
and nutrient intakes (all population groups) or markers of nutrition and health status (for
adults only), each population group was split into three equal tertiles (groups) based on
their MDI of ‘fresh beef and lamb’ (stratified by sex and age group); non/low, medium and
high consumers of ‘fresh beef and lamb’. Mean intakes of energy and nutrients (energy ad-
justed, excluding nutritional supplements), biochemical markers and systolic and diastolic
BP were then compared between the non/low and high consumer groups. The proportion
of the population with systolic BP > 140 mmHg [54], diastolic BP > 90 mmHg [54] serum
total cholesterol > 5.2 mmol/L [55], serum 25-hydroxyvitamin D < 50 nmol/L [56], serum vi-
tamin B12 < 148 pmol/L [57,58], serum ferritin < 15ug/L [3,59,60], haemoglobin < 13 g/dL
(men) and <12 g/dL (women) [3] and urinary Na:K ratio > 1 [61] were also compared
between the non/low and high consumer groups. To remove nutritional supplement
use as a potential confounder, those using nutritional supplements containing vitamin D,
vitamin B12 or iron were excluded from analyses on the association of ‘fresh beef and lamb’
consumption with nutritional status for these micronutrients.

2.8. Statistical Analyses

Statistical analysis was carried out using SPSS© for Windows™ Version 26.0. Differ-
ences in intakes of ‘fresh beef and lamb’, ‘beef’, ‘lamb’ and nutrient intakes between sexes,
age groups and between consumer groups were assessed using independent sample t-tests
for normally distributed data or for large sample sizes [62] and Mann-Whitney U tests for
non-normal data. Differences in the proportion of consumers of ‘fresh beef and lamb’, ‘beef’
or ‘lamb’ and the proportion of the population with biochemical markers of nutritional
status values outside of generally accepted cut-offs indicating high or low/deficient status
were assessed using Chi-square tests. To minimise type 1 errors (as a result of multiple
testing), the Bonferroni adjustment was used by dividing the alpha level (0.05) by the
number of comparisons with intakes considered to be significantly different from each
other if p < 0.001.

3. Results
3.1. Consumption of ‘Fresh Beef and Lamb’

‘Fresh beef and lamb” was consumed by 84% of children (5-12 years) and teenagers
(13-17 years), 76% of adults (18-64 years), 73% of older adults (65-90 years) and 68%

of WCBA (Table 1). Beef was more commonly consumed than lamb for all age groups
(children: 79 vs. 19%, teenagers: 83 vs. 20%, adults: 70 vs. 16%, older adults: 59 vs. 30%
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and WCBA: 63 vs. 11%). The MDI of ‘fresh beef and lamb’ for those aged 5-12 years was
19.2 g (beef: 16.6 g, lamb: 2.6 g) and for those aged 13-17 years was 32.8 g (beef: 28.3 g,
lamb: 4.5 g) (Table 1). The MDI of ‘fresh beef and lamb” was 42.7 g (beef: 36.3 g, lamb: 6.4 g)
for those aged 18-64 years, 40.8 g (beef: 28.2 g, lamb: 12.6 g) for those aged 65-90 years and
27.0 g (beef: 23.7 g, lamb: 3.3 g) for WCBA. There were no differences in the MDI of ‘fresh
beef and lamb’, ‘beef’ or ‘lamb’ between boys/men and girls/women for children or older
adults (Table 1). However, compared to girls, teenage boys had a higher MDI of ‘fresh beef
and lamb’ (40.2 vs. 25.1 g) and ‘beef” (34.9 vs. 21.4 g), while there was no difference in
the MDI of ‘lamb’. Similarly, compared to women aged 18-64 y, men had a higher MDI of
‘fresh beef and lamb’ (55.7 vs. 29.7 g), ‘beet’ (47.1 vs. 25.6 g) and ‘lamb’ (8.6 vs. 4.1 g).

3.2. Contribution of ‘Fresh Beef and Lamb’ to Energy and Nutrient Intakes

In consumers of ‘fresh beef and lamb’, this food group contributed 5% of the MDI
of energy in children and 7% in teenagers (Table 2). Relative to its contribution to energy
intake for these population groups, ‘fresh beef and lamb’ contributed greater proportions
of protein (12-15%) and MUFA (9-11%), similar proportions of total fat (7-9%), saturated
fat (7-10%), PUFA (4-5%) and salt (6-7%) and smaller proportions of carbohydrate (2%),
dietary fibre (2-3%), total sugars (1-2%) and free sugars (<1%). Relative to its contribution
to energy intake, ‘fresh beef and lamb’ also contributed greater proportions of zinc (18-24%),
vitamin B12 (15-22%), vitamin D (12-16%) and niacin (9-13%) and similar proportions of
vitamin A (7%), iron (7-10%), vitamin B6 (6-9%), potassium (6-8%), vitamin K (4-6%) and
total folate (3—4%).

For ‘fresh beef and lamb’ consumers, this food group contributed 8% of the MDI of
energy for adults and 10% for older adults, respectively (Table 2). Relative to its contribution
to energy intake for these population groups, ‘fresh beef and lamb’ contributed greater
proportions of protein (19-20%), total fat (12-14%), saturated fat (13-16%) and MUFA
(16%) similar proportions of salt (8-9%) and PUFA (5-8%) and smaller proportions of
carbohydrate (2%), dietary fibre (3%), total sugars (2%) and free sugars (<1%). ‘Fresh beef
and lamb’ also contributed greater proportions of vitamin B12 (30%), zinc (27%), niacin
(15-18%), vitamin D (10-14%) and iron (12-13%) and similar proportions of vitamin B6
(11-12%), vitamin A (8-10%), vitamin K (5-6%), potassium (5-6%) and total folate (4%).

For ‘fresh beef and lamb’ consumers, this food group contributed 7% of the MDI of
energy for WCBA (Table 2). Relative to its contribution to energy intake, ‘fresh beef and
lamb’ contributed greater proportions of protein (17%), saturated fat (11%) and MUFA
(11%), similar proportions of total fat (10%), salt (9%) and PUFA (5%) and smaller pro-
portions of carbohydrate (2%), dietary fibre (3%), total sugars (2%) and free sugars (1%).
‘Fresh beef and lamb’ also contributed greater proportions of vitamin B12 (28%), zinc (25%),
niacin (14%) and vitamin D (13%) and similar proportions of iron (11%), vitamin B6 (10%),
vitamin A (7%), vitamin K (5%), potassium (5%) and total folate (4%).
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Table 1. Proportion of consumers (%) and mean daily intakes (g/d) of ‘fresh beef and lamb’, ‘beef” and ‘lamb’ for the total population aged 5-90 years, by age group

and sex.
5-12 Years (n 594) 13-17 Years (n 441) 18-64 Years (n 1274) 65-90 Years (n 226) WCBA 18-50 Years (1 487)
Bieaf;lr: d Beef Lamb Bi?a‘;:ll; d Beef Lamb Bizfn":; d Beef Lamb Bizf;lr)l d Beef Lamb Bizfnil; d Beef Lamb
All
Mean (g) 19.22 16.6 2 262 32.8bc 28.3 b 45abc 4274 36.34 6.4bd 40.8 bde 28.2 bde 12.6¢ 27.0¢ 23.7 ¢ 3.3a¢
Mean (g/10 MJ) 0.028 2 0.024° 0.004° 0.039® 0.034° 0.005 2P 0.050 © 0.043 ¢ 0.008 b< 0.058 <4 0.040 bed 0.018 ¢ 0.038 < 0.033 be 0.004 *»
SD (g) 18.6 16.7 6.7 32.1 29.6 119 426 40.0 17.2 39.7 33.7 23.7 28.8 28.0 10.8
Median (g) 14.7 13.2 0.0 25.1 21.4 0.0 335 26.7 0.0 32,5 20.1 0.0 20.3 16.0 0.0
IQR (g) 6.1-27.3 3.7-24.6 0.0-0.0 11.5-45.0 8.9-38.8 0.0-0.0 5.4-63.6 0.0-56.3 0.0-0.0 0.0-61.6 0.0-46.0 0.0-22.3 0.0-82.4 0.0-80.6 0.0-29.7
P97.5 (g) 64.4 55.7 21.6 111 103 40.7 151 136 61.5 149 114 73.7 100 100 375
Consumers (%) 84.2 78.8 18.9 84.4 83.0 19.5 76.0 70.2 16.2 72.6 59.3 30.1 67.8 62.8 10.9
Boys/men
Mean (g) 20.3 17.7 2.6 40.2 349 5.2 55.7 47.1 8.6 44.7 31.9 12.8 - - -
Mean (g/10 MJ) 0.028 0.024 0.003 0.043 0.037 0.005 0.058 0.049 0.009 0.056 0.040 0.016
SD (g) 20.6 17.8 7.6 36.5 34.8 12.3 48.6 46.1 21.0 40.2 344 24.5 - - -
Median (g) 14.6 13.6 0.0 31.6 26.7 0.0 46.9 372 0.0 39.5 25.4 0.0 - - -
IQR (g) 6.1-29.3 3.6-26.3 0.0-0.0 15.5-58.7 12.0-46.8 0.0-0.0 19.4-79.6 5.7-70.1 0.0-0.0 0.0-66.6 0.0-51.7 0.0-26.3
P97.5 (g) 68.6 61.9 23.6 129 119 47.8 176 166 74.2 157 114 69.1
Consumers (%) 83.2 77.7 17.9 88.8 87.9 21.0 82.2 75.7 18.6 73.6 62.3 29.2 - - -
Girls/women
Mean (g) 18.1 15.6 25 25.1*% 21.4 % 37 29.7 * 25.6 * 41* 37.3 25.0 12.4 - - -
Mean (g/10 MJ]) 0.027 0.023 0.004 0.035 0.030 0.005 0.042 * 0.037 * 0.006 0.059 0.039 0.020
SD (g) 16.4 15.5 5.8 24.6 21.0 114 30.6 29.1 12.0 39.2 32.9 23.1 - - -
Median (g) 14.8 12.9 0.0 19.1 16.4 0.0 23.2 17.5 0.0 271 13.3 0.0
IQR (g) 6.1-25.4 3.8-23.6 0.0-0.0 7.1-38.3 5.6-31.4 0.0-0.0 0.0-46.9 0.0-41.4 0.0-0.0 0.0-58.1 0.0-41.6 0.0-19.8 - - -
P97.5 (g) 56.5 51.3 20.3 83.6 77.2 39.4 106 103 415 145 145 79.8
Consumers (%) 85.1 79.9 19.8 79.7 77.9 18.0 69.8 64.7 13.8 71.7 56.7 30.8 - - -

Abbreviations: WCBA, women of childbearing age; g, gram; d, day; SD, Standard Deviation; IQR, Interquartile Range, P97.5; 97.5th percentile of intake. Statistical differences (p < 0.001)
across age groups denoted by different superscript lowercase letters. * Statistically different (p < 0.001) from that of boys/men within the columns via independent samples t-tests and
adjusted for multiple testing, differences between sexes are also highlighted in bold font.
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Table 2. Contribution (%) of ‘fresh beef and lamb’ to mean daily intakes of energy and selected
nutrients from all sources (including nutritional supplements) in consumers only aged 5-90 years, by

age group.
% Contribution
5-12 Years 13-17 Years 18-64 Years 65-90 Years 1 Szlgoc?{ixrs
(n 500) (n 372) (n 968) (n 164)
(n 330)
Energy 4.7 6.5 8.2 9.5 7.3
Protein 11.5 15.2 18.8 20.1 16.9
Total fat 7.0 9.2 115 13.8 10.0
Saturated fat 6.9 9.6 13.0 15.7 11.3
MUFA 8.7 10.7 13.2 15.5 114
PUFA 4.0 4.8 5.4 7.6 4.7
Carbohydrate 15 2.0 2.3 24 24
Total sugars 1.0 1.5 1.8 1.7 1.8
Free sugars 0.3 0.7 1.0 0.6 0.9
Dietary fibre 2.0 2.9 3.1 3.1 3.0
Salt 5.9 7.1 8.6 8.0 8.6
Vitamin A 74 7.4 7.6 9.6 74
Vitamin D 12.4 16.2 14.0 10.1 13.1
Vitamin K 4.2 5.5 6.0 4.8 5.4
Niacin 9.4 12.5 15.0 18.0 13.5
Vitamin B6 6.4 8.8 10.6 12.2 9.7
Vitamin B12 15.0 21.9 29.9 29.5 27.8
Total folate 3.0 4.2 4.3 3.9 4.0
Iron 7.1 10.1 12.3 12.9 10.5
Zinc 18.1 234 27.4 27.3 24.6
Potassium 6.1 8.3 5.4 5.7 49

Abbreviations: WCBA, women of childbearing age; MUFA: Monounsaturated Fatty Acids; PUFA: Polyunsaturated
Fatty Acids, Note: The contribution to intake of energy and nutrients (from all sources, i.e., including nutritional
supplements) was estimated including the non-meat components of composite dishes.

3.3. Nutrient Intakes in Non/Low and High Consumers of ‘Fresh Beef and Lamb’

The MDI of energy was higher among high consumers of ‘fresh beef and lamb’ com-
pared to non/low consumers for teenagers (2158 vs. 1861 kcal), adults (2106 vs. 1919 kcal)
and WCBA (1843 vs. 1634 kcal) while there was no difference in the intake of energy
between high and non/low consumer groups for children or older adults (Table 3). The
MDI of protein was higher among high consumers compared to non/low consumers for
children (14.5 vs. 12.9%E), teenagers (15.5 vs. 13.9%E) and adults (18.0 vs. 16.4%E) with
no difference in protein intake between high and non/low consumer groups for older
adults or WCBA. The MDI of total fat was higher among high consumers compared to
non/low consumers for children (34.5 vs. 33.1%E); however, there was no difference in
total fat intake between consumer groups for any other population group examined. There
was no difference in the MDI of saturated fat, MUFA or PUFA between consumer groups
for any population group. High consumers of ‘fresh beef and lamb’ had a higher MDI
of carbohydrate compared to non/low consumers for teenagers (47.6 vs. 50.1%E), adults
(40.6 vs. 44.3%E) and WCBA (41.8 vs. 44.6%E) with no difference in carbohydrate intake
between consumer groups for children or older adults. The MDI of total sugars and dietary
fibre was lower among high consumers of ‘fresh beef and lamb’ compared to non/low
consumers for adults (total sugars: 15.9 vs. 17.4%, dietary fibre: 21.4 vs. 24.2 g/10 M]) while
there was no difference in total sugar or dietary fibre intake between consumer groups for
any other population group examined. There was no difference in the MDI of free sugars
or salt between consumer groups for any population group examined.
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Table 3. Mean daily intakes of energy and selected nutrients (energy adjusted) from food sources only (excluding nutritional supplements) in non/low and high
consumers of ‘fresh beef and lamb’ in the total population aged 5-90 years, by age group.

5-12 Years 13-17 Years 18-64 Years 65-90 Years WCBA (18-50 Years)
Non/Low High Non/Low High Consumers Non/Low High Consumers Non/Low High Non/Low High Consumers
Consumers Consumers Consumers Consumers Consumers Consumers Consumers

(n197) (n198) (n 146) (n147) (n 423) (n 424) (n 75) (n 75) (n162) (n162)
Fgrizl; beefand lamb 3.3 38.8% 6.2 66.0 * 49 87.7% 25 86.4 % 0.3 60.8 *
Consumers (%) 47.7 100 52.7 100 27.7 100 17.0 100 3.0 100

Mean daily nutrient intakes (food sources only)
Energy (kcal) 1636 1734 1861 2158 * 1919 2106 * 1624 1778 1634 1843 *
Protein (%TE) 12.9 14.5* 13.9 15.5* 16.4 18.0 * 17.3 18.6 16.4 16.9
Total fat (%TE) 33.1 34.5* 35.2 36.4 33.2 34.5 33.8 35.6 33.6 35.3
Saturated fat (%TE) 13.9 14.5 14.0 14.9 12.7 13.7 13.3 15.1 129 139
MUFA (%TE) 10.6 11.5 12.5 13.1 12.0 12.7 11.8 12.5 12.2 129
PUFA (%TE) 4.7 4.7 5.9 5.6 6.3 5.8 6.3 5.5 6.4 6.3
Carbohydrate (%TE) 53.5 50.6 50.1 47.6 * 44.3 40.6 * 445 422 44.6 41.8*
Total sugars (%TE) 24.6 23.1 21.1 20.0 17.4 15.9 * 18.2 16.6 17.5 16.9
Free sugars (%TE) 17.2 15.5 14.4 13.9 9.0 8.5 79 7.5 9.1 9.2
Dietary fibre (g/10 MJ) 114 11.6 189 18.4 24.2 214 * 27.0 249 24.5 219
Salt (g/10 MJ) 72.7 749 76.7 75.6 61.8 64.9 51.4 56.0 529 57.4
Vitamin A (n1g/10 MJ) 871 1089 914 1023 877 1093 1099 1410 837 993
Vitamin D (ng/10 MJ) 37 3.7 37 3.6 3.8 39 4.2 47 3.1 3.3
Vitamin K (u1g/10 MJ) 130 135 134 137 178 161 201 166 177 172
Niacin (mg/10 MJ) 39.0 422* 27.7 26.8 39.3 454 33.1 36.0 33.0 37.1
Vitamin B6 (mg/10 MJ]) 2.8 29 3.8 33 2.5 29 2.3 2.7 2.0 23*
Vitamin B12
5.7 6.8 * 5.9 6.4 3.6 5.8 4.0 6.2 2.9 44

(ng/10 MJ)
Total folate (ug/10 MJ) 318 318 346 315 311 320 293 343 251 267
Iron (mg/10 MJ) 13.0 13.8 16.8 13.9 11.8 12.9 10.1 114 10.4 11.2
Zinc (mg/10 MJ) 8.3 10.7 * 9.7 11.3* 8.0 11.7* 7.4 10.9* 6.8 9.4 *
Potassium (mg/10 MJ) 3034 3523 * 3209 3242 3650 3674 4031 3970 3699 3640

Abbreviations: WCBA, women of childbearing age; g, gram; d, day; keal, kilocalories; %TE, percent total energy; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids;
ug, microgram; mg, milligram; MJ, megajoule; * Statistically different (p < 0.001) from that of non/low consumers (stratified by sex and age group) within the rows via independent
samples t-tests or Mann-Whitney U tests and adjusted for multiple testing, differences between consumer groups are also highlighted in bold font.
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For micronutrients, the MDI of niacin was higher among high consumers compared to
non/low consumers for children (42.2 vs. 39.0 mg/10 MJ) with no difference in niacin intake
between consumer groups for any other population group examined (Table 3). The MDI of
vitamin B6 was higher among high consumers compared to non/low consumers for WCBA
(2.3 vs. 2.0 mg/10 M]J) with no difference in vitamin B6 intake between consumer groups
for any other population group examined. The MDI of vitamin B12 was higher among high
consumers compared to non/low consumers for children (6.8 vs. 5.7ug/10 MJ) and WCBA
(4.4 vs. 2.9ug/10 M]) with no difference in vitamin B12 intake between consumer groups
for teenagers, adults or older adults. High consumers of ‘fresh beef and lamb’ had a higher
MDI of zinc compared to low consumers in all population groups examined (children:
10.7 vs. 8.3 mg/10 M]J, teenagers: 11.3 vs. 9.7 mg/10 M]J, adults: 11.7 vs. 8.0 mg/10 M],
older adults: 10.9 vs. 7.4 mg/10 MJ, WCBA: 9.4 vs. 6.8 mg/10 M]). The MDI of potas-
sium was higher among high consumers compared to non/low consumers for children
(3523 vs. 3034 mg/10 MJ) with no difference in potassium intake between consumer groups
for any other population group examined. There was no difference in the MDI of vitamin
A, vitamin D, vitamin K, folate or iron between high and non/low consumers of ‘fresh beef
and lamb’ for any population group examined.

3.4. Markers of Nutrition and Health Status among Non/Low and High Consumers of ‘Fresh Beef
and Lamb’ (for Adults Only)

For all population groups examined (18-64 y, 65-90 y, WCBA), there were no differ-
ences observed in mean systolic or diastolic BP, cholesterol, lipoprotein or triglyceride
values between high consumers and non/low consumers of ‘fresh beef and lamb’ or in the
proportion of the population with values outside generally accepted cut-offs indicating
high BP or cholesterol (Table 4). Furthermore, there were no differences in the mean values
of biochemical markers of nutritional status for serum 25-hydroxyvitamin D, serum vitamin
B12, serum ferritin, haemoglobin or urinary Na:K between high consumers and non/low
consumers of ‘fresh beef and lamb’ in any population group examined (18-64 y, 65-90 'y,
WCBA) or in the proportion of the population with values outside generally accepted
cut-offs indicating low / deficient status.
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Table 4. Mean blood pressure, lipoprotein, cholesterol and biochemical markers of nutritional status values and the proportion (%) of the population with values
outside generally accepted cut-offs indicating high or low/deficient status in non/low and high consumers of ‘fresh beef and lamb” in adults aged 18-90 years, by

age group.
18-64 Years 65-90 Years WCBA 18-50 Years
Non/Low Consumers High Consumers Non/Low Consumers High Consumers Non/Low Consumers C High
onsumers
n Mean n Mean n Mean n Mean n Mean n Mean
Systolic BP (mmHg) 376 123 369 122 63 139 59 140 144 112 145 113
Diastolic BP (mmHg) 376 775 369 77.8 63 81.4 59 814 144 75.0 145 753
Serum total cholesterol (mmol/L) 330 5.0 324 49 42 5.0 51 5.0 121 49 123 48
Serum triglycerides (mmol/L) 330 1.3 324 1.3 42 14 51 1.3 121 1.1 123 1.0
Serum direct HDL cholesterol (mmol/L) 327 1.5 321 1.6 41 1.7 51 1.7 120 1.7 123 1.7
Calculated LDL cholesterol (mmol/L) 323 2.8 316 2.8 41 2.7 51 2.8 119 27 123 2.7
Serum 25-hydroxyvitamin D (nmol/L) 274 57.6 267 60.7 29 53.5 34 50.3 101 56.1 105 60.4
Serum vitamin B12 (pmol/L) 289 300 266 317 35 294 44 316 103 284 100 286
Serum ferritin (ng/mL) 306 108 283 126 35 160 41 153 113 56.7 103 53.7
Haemoglobin (g/dL) 300 143 278 144 37 141 42 13.9 112 133 102 13.4
Urinary sodium (mmol/L) 322 95.1 317 102 42 83.0 54 88.0 123 91.6 126 105
Urinary potassium (mmol/L) 318 45.6 317 46.7 44 36.6 54 39.0 121 427 126 45.4
Urinary Na:K ratio 317 2.0 315 2.1 42 2.0 54 2.1 121 2.1 125 24
n % n % n % n % n % n %

Systolic BP > 140 mmHg [54] 376 12.5 369 13.8 63 444 59 54.2 144 14 145 4.8
Diastolic BP > 9 0 mmHg [54] 376 114 369 13.6 63 19.0 59 203 144 6.3 145 8.3
Serum total cholesterol > 5.2 mmol/L [55] 330 37.6 324 34.0 42 40.5 51 43.1 121 34.7 123 26.8
Serum 25-hydroxyvitamin D < 50 nmol/L [56] 274 43.1 267 40.1 29 51.7 34 50.0 101 47.5 105 448
Serum vitamin B12 < 148 pmol/L [57,58] 289 2.8 266 1.9 35 5.7 44 0.0 103 3.9 100 3.0
Serum ferritin < 15pg/L [3,59,60] 306 7.5 283 3.5 35 0.0 49 2.4 113 15.0 103 8.7
Haemoglobin <13 g/dL (men) and <12 g/dL 300 43 278 36 37 8.1 42 95 112 5.4 102 7.8
(women) [3]

Urinary Na:K ratio > 1 [61] 317 70.7 315 76.2 42 73.8 54 759 121 73.6 125 79.2

Abbreviations: mm, millimetre; Hg, mercury; L, litre; mmol, millimole; nmol, nanomole, pmol, picomole; g, gram; dL, decilitre; ng, nanogram; ml, millilitre, Na, sodium; K, potassium,
No statistical differences (p < 0.001) were found between non/low and high consumers (stratified by sex and age group) for any blood pressure, lipoprotein, cholesterol or nutritional
status values via independent samples t-tests, Mann-Whitney U tests or Chi-square tests and adjusted for multiple testing.
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4. Discussion

This study provides information on the role of ‘fresh beef and lamb’ in the diets of
the Irish population (5-90 years) and its association with markers of nutrition and health
status. This study found that a large proportion of people living in Ireland, including
vulnerable groups such as the elderly and WCBA, consumed ‘fresh beef and lamb” and that
‘fresh beef and lamb contributed to intakes of a number of important nutrients including
protein, MUFA, vitamin D, niacin, vitamin B6, vitamin B12, iron and zinc. For nutrients
for which excess may have potential adverse health effects such as total fat, saturated fat
and salt, ‘fresh beef and lamb’ contributed relatively small proportions to overall intakes
of these nutrients. While higher consumption of ‘fresh beef and lamb” was associated
with higher intakes of total fat and lower intakes of carbohydrate and dietary fibre in
some age groups, it was also associated with higher intakes of protein, niacin, vitamin B6,
vitamin B12, zinc and potassium and lower intakes of total sugars. Furthermore, in adults,
higher consumption of ‘fresh beef and lamb” was not associated with an increased risk of
cardio-metabolic diseases (as indicated by measures of systolic and diastolic BP, cholesterol,
lipoprotein and Na:K) or better nutritional status (as indicated by biochemical markers of
vitamin D, B12 and iron status).

In the current study, ‘fresh beef and lamb” was consumed by 68-84% of the population
aged 5-90 years in Ireland (children and teenagers: 84%, adults 18-64 y: 76%, adults
65 y+: 73%, WCBA: 68%) with ‘beef’ more commonly consumed (63-83% consumers) than
‘lamb’ (11-30% consumers). These findings are similar to those reported in national dietary
surveys in Italy, where 80-84% of children and teenagers and 75% of adults (younger and
older) consumed ‘beef and veal’ [63] and in the US, where 78% of adults aged 18-64 y
consumed ‘fresh beef’ [22]. However, the proportion of consumers in our study is higher
than those reported in the UK, where 60% of children and teenagers and 65-70% of adults
consumed ‘beef, veal, lamb and dishes” and in Australia, where 44% of children and
teenagers and 47% of adults consumed ‘beef and lamb’ [20,24]. It is interesting to note that
in Ireland, older adults (65-90 years) were the highest consumers of lamb (30% compared
to <20% across all other age groups), which is similar to findings from our UK counterparts
(23% consumers aged 65+y compared to 11-17% across other age groups) [24]. This is also
in line with global reports that older adults consider red meat (e.g., beef and sheep meat)
as an important staple in their diet and is a reflection of the traditional dietary pattern of
this generation in Ireland [64,65].

The recent EAT-Lancet commission report recommended an extreme reduction in red
and processed meat consumption as part of a healthy diet from sustainable food systems
and suggested a daily intake of 0-28 g for ‘beef, lamb and pork’ [1]. This study found that
the MDI of ‘beef and lamb’ in the Irish population aged 5-90 y ranged from 19 to 43 g/d
and generally increased with increasing age (5-12 y: 19 g, 13-18y: 33 g, 1864 y: 43 g,
65-90 y: 41 g and WCBA: 36 g). Similar intakes were reported for population groups in
the UK (27-60 g/d), Italy (38-51 g/d) and Australia (38-53 g/d) whereas lower intakes
were reported in Switzerland (16-21 g/d) and the Netherlands (5-16 g/d) [19,20,24,63,66].
Current intakes (both in Ireland and other countries) lie above the recommended range
from the EAT-Lancet commission (particularly for teenagers and adults) and would re-
quire a significant dietary shift to meet these recommendations [1]. In line with findings
from studies in Australia and Switzerland, this study found that teenage boys and men
aged 18-64 y had higher intakes of ‘beef and lamb’ (40.2 and 55.7 g/d, respectively) than
girls/women of the same age (25.1 and 29.7 g/d, respectively) [20,21,66].

It is well documented that relative to its energy profile, the nutritional quality that
red meat provides is often under-valued [25,67]. This study adds to this evidence showing
that relative to its contribution to energy intake across age groups (4-10%), ‘fresh beef and
lamb’ contributed greater proportions of protein (11-20%) and MUFA (9-16%), similar
proportions of total fat (7-14%) and saturated fat (7-16%) and smaller proportions of
carbohydrate (1-2%), total sugars (1-2%), free sugars (0.3-1%) and dietary fibre (2-3%).
Similarly, in the Netherlands, the UK and Australia relative to their contribution to energy
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intake across age groups (1-10%), ‘beef and lamb’ contributed to greater proportions
of protein (3-19%) and similar proportions of total and saturated fat (2-10%) across all
ages [19-21,24]. The contribution of ‘fresh beef and lamb’ to protein intakes is particularly
notable as nutrient rich-high quality protein foods such as red meats can play an important
role in helping people meet their essential nutrient needs and is particularly important for
vulnerable groups including older adults for healthy ageing [16,68,69].

Fresh red meat was also shown to be a key contributor to key micronutrients such
as vitamin B12, iron and zinc [25,67,68] and a recent review has highlighted that nutrient
claims for red meat could be made for four out of the seven nutrients of public health
concern designated by the US Dietary Guidelines for Americans, including sodium, potas-
sium, iron and vitamin D, nutrients which were also identified as nutrients of public health
concern in European populations [18]. In this study, relative to energy intakes, fresh ‘beef
and lamb’ contributed greater proportions of zinc (18-27%), vitamin B12 (15-30%), vitamin
D (10-16%), niacin (9-18%) and iron (7-13%) and similar proportions of vitamin A (7-9%),
vitamin B6 (6-12%), potassium (5-8%), vitamin K (4-6%) and total folate (3—4%) which is in
line with findings from the Netherlands, the UK and Australia where relative to energy in-
take (1-10%) beef and lamb (and their dishes) contributed to greater proportions of vitamin
B12 (5-13%), vitamin D (3-8%), vitamin A (4-7%), iron (8-14%) and zinc (4-21%) [19-21,24].
A recent study investigating the association between red meat intakes and micronutrient
intakes of UK females from the NDNS found that those with red meat intakes <40 g/d were
more likely to have micronutrients intakes below the LNRI for zinc, iron, vitamin B12 and
potassium and lower vitamin D intakes than those with intakes >40 g/d [25]. The findings
of this study and the available literature further highlight the important role of red meat for
micronutrient intakes and may be particularly relevant for vulnerable population groups
in light of the restrictive limits proposed by the EAT-Lancet commission. Furthermore, a
recent modelling study has shown that while the partial replacement of red and processed
meat with plant-based alternatives improves overall diet quality, it may adversely affect
the intake of some micronutrients, especially zinc and vitamin B12, further highlighting the
important role of red meat in the diet [70].

Previous research from the US and Australia has shown a positive contribution of
beef consumption to essential macronutrient and micronutrient intakes, such as protein,
zing, iron, and B vitamins with groups who choose to consume leaner cuts of beef with
the lowest fat content having higher intakes of protein as well as vitamins B3, B6, B12,
iron, phosphorus, and zinc and lower intakes of total energy, fat and carbohydrates [21-23].
In this study, we found that those who had higher intakes of fresh ‘beef and lamb” had
higher intakes of protein (children, teens and adults), niacin (children), vitamin B6 (WCBA),
vitamin B12 (children and WCBA), zinc (all ages) and potassium (children) and lower
intakes of carbohydrate (teens, adults and WCBA) and total sugars (adults) but also higher
total fat (children) and lower dietary fibre (adults). A recent study from the NDNS also
found that with increasing red meat intake, intakes of protein, MUFA, niacin, B6, iron
and zinc intakes were significantly higher (and proportion with intakes below the LNRI
decreased for zinc and iron), intakes of carbohydrate and total sugars intake were lower;
however, total and saturated fat intakes also increased [26]. This raises the point that it
is important to consider the cut and cooking methods as these have been linked to the
fat content in red meats and FBDG do advise consuming lean red meat for protein and
micronutrient content [2,67].

This study also investigated the association of ‘fresh beef and lamb’ consumption with
markers of nutrition and health status in adults and found that higher consumption of
‘fresh beef and lamb’” was not associated with increased risk factors of cardio-metabolic
diseases (as indicated by mean values and proportions of the population with values
outside generally accepted cut-offs indicating high BP, cholesterol or Na:K). This study
also found that higher consumption of ‘fresh beef and lamb” was not associated with better
nutritional status (as indicated by mean values and proportions of the population with
values outside generally accepted cut-offs indicating low /deficient status for vitamin D,
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B12 and iron). Similarly, a study investigating the association between red meat intakes
and micronutrient status of UK females did not find any significant difference for blood
biomarkers of micronutrient status between groups with varying levels of red meat in-
take [25]. Furthermore, a recent study investigating associations between meat intakes
and markers of health and cardio-metabolic diseases among adults in the UK found that
while higher processed red meat consumption was associated with negative outcomes
(e.g., higher BM], hip circumference, higher TC, LDL-C, Hb Alc and PP), these associations
were not observed for higher red meat consumption, supporting the evidence for dietary
guidance on the reduction in processed red meat consumption but no justification for red
meat reduction [26]. It was also shown that adolescent females consuming lean red meat
had lower LDL levels and were less likely to have LDL-C values below cut-offs or elevated
LDL:HDL ratio compared to girls with lower intakes of lean red meat suggesting that lean
red meat may be included in a healthy adolescent diet without unfavourable effects on
lipid values [27].

While the effects of red meat consumption compared to processed meat are well
documented, a recent study also found that levels of atherogenic lipids and lipoproteins
did not differ following consumption of diets with red meat compared to similar amounts
of white meat concluding that the trial did not support evidence for choosing white over red
meat for reducing CVD risk based on lipid and lipoprotein effects [14]. Another recent RCT
investigated the effect of incorporating lean beef into a healthy dietary pattern and found
that the benefits of a healthy, low saturated fat, Mediterranean-style diet were not attenuated
by the inclusion of smaller to moderate amounts of lean beef further supporting evidence
that the negative outcomes previously linked to red meat consumption are associated with
the wider dietary patterns and confounding factors (e.g., BMI) associated with consuming
red meat [12,15].

Overall, the findings of this study add to the evidence base of the existing literature
supporting the role of ‘fresh beef and lamb’ (or fresh red meat) as part of a healthy diet par-
ticularly with respect to micronutrient intakes/status and as a source of high-quality protein
which is particularly important for vulnerable populations including older adults [69,71].
Current intakes of ‘fresh beef and lamb’ both in Ireland and further afield are well above
the particularly restrictive limits suggested by the EAT-Lancet commission and so would
require significant shifts in dietary patterns to meet these limits which may have a negative
impact on the intakes and status of some micronutrients [1]. However, dietary advice
should educate consumers with respect to choosing lean options and utilising appropriate
cooking methods to address intakes of nutrients of concern such as total fat, saturated
fat and salt. Furthermore, research is continually ongoing to explore the potential to im-
prove the nutritional composition of meat in terms of fatty acid profiles and micronutrient
contents which may further improve the quality of meats including ‘fresh beef and lamb’
further supporting their role in a healthy diet [68,72-75].

Strengths and Limitations

The main strengths of this study include the nationally representative samples of the
population aged 5-90 years included in this study and the detailed dietary intake data
(including brand level detail and customised recipes). Furthermore, the disaggregation of
meat from composite foods is an important attribute of the present study as previous analy-
sis has shown that failure to disaggregate composite foods substantially overestimates meat
intakes by approximately 40% which may have important implications for epidemiological
studies and for food safety [52]. However, it is important to note that in light of changing
dietary patterns and a shift towards a more plant-based diet that these data from nationally
representative surveys in Ireland were collected a number of years ago and so patterns
may have shifted. National dietary surveys of these population groups are currently being
conducted in Ireland and future studies should investigate the trends in fresh beef and
lamb consumption in these population groups.
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5. Conclusions

In summary, this study has investigated the nutritional role of ‘fresh beef and lamb’
in the diet of the population aged 5-90 years in Ireland using data from three nationally
representative dietary surveys. The findings of this study add to the evidence base of the
existing literature supporting the role of ‘fresh beef and lamb’ (or fresh red meat) as part of
a healthy diet, particularly with respect to micronutrient intakes. Overall, this study found
that a large proportion of people living in Ireland, including vulnerable groups such as
children, older adults and WCBA, consumed ‘fresh beef and lamb’ (68-84% consumers
across age groups) and highlighted the important contribution of ‘fresh beef and lamb’
consumption to intakes of key nutrients such as protein, monounsaturated fat, vitamins D,
B12, niacin, iron and zinc while contributing relatively small proportions of nutrients of
public health concern including total fat, saturated fat and salt.

This study also found that (within certain age groups) those who had higher intakes
of fresh ‘beef and lamb” had higher intakes of protein, niacin, vitamin B6, vitamin B12, zinc
and potassium (but also total fat) and lower intakes of carbohydrate and total sugars (but
also dietary fibre). In adults, older adults and WCBA, higher consumption of ‘fresh beef
and lamb’ was not associated with increased risk factors of cardio-metabolic diseases (as
indicated by measures of high BP, cholesterol or Na:K) nor was it associated with better
or poorer nutritional status for vitamin D, B12 or iron. These findings show the important
role of ‘fresh beef and lamb’ in the diet and may be useful for policymakers incorporating
health and sustainability in updated FBDG.
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