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Reducing meat consumption can help improve environmental and health
outcomes, yet the effect of specific meat-reducing strategies is context
dependent. Here, using decomposition analysis of National Diet and
Nutrition Survey data (2008-2009 to 2018-2019), we found thatin the
United Kingdom, reduced meat portions had the largestimpact on total
meat consumption decline (52%), followed by fewer meat-eating days
(24%), fewer meat consumers (17%) and fewer meat-eating meal occasions
(7%). Understanding meat consumption behaviour patternsis key for more
effective policies.

W Check for updates

Highintake of meat, particularly red and processed meat, is associated
with increased risk of many non-communicable diseases such as car-
diovascular disease’, type 2 diabetes” and some types of cancer (most
notably, colorectal)*and overall mortality*. Meat productionis also the
single largest contributor to greenhouse gas emissions, excessive land
use and heightened freshwater withdrawals, all of which exacerbate
climate change and deplete finite natural resources’. The UK Climate
Change Committee (CCC) has therefore recommended a 20% reduc-
tion in meat consumption by 2030, rising to a 35% reduction by 2050
to reach net zero®. A recent analysis of meat consumption in the UK
National Dietand Nutrition Survey (NDNS) revealed agradual reduction
between2008-2009 and 2018-2019, from103.7 gto 86.3 g per capita
per day, or about 1.7% per annum’. This analysis found a reduction in
red and processed meat consumption, together with anincrease in
white meat consumption, a trend which has also been observed by
the Food Agriculture Organization®. In 2010, the Scientific Advisory
Committee on Nutrition set the recommendation that adults in the
United Kingdom with high intakes of red and processed meat (>90 gd™)
should consider reducing their intake to amaximum of 70 g d* (ref. 9).
However,in2018-2019, over one-third of adult meat consumersinthe
United Kingdom exceeded this recommendation’. Recent modelling
work in Scotland—where meat intakes are comparable to the United
Kingdom—suggests that further reducing red and processed meat

intake to 60 g d™?and 31 g d’ would meet the CCC’s targets of a 20%
and 35% reduction, respectively.

Our study extends this earlier NDNS paper by examining the behav-
iours driving reductions in meat consumption, specifically quantifying
changesinthe proportion of the population who are meat consumers,
the number of meat-eating days, daily meat-eating occasions and por-
tion size of meat. By focusing on the specific habits and preferences
that underlie meat consumption patterns, policymakers can more
effectively design strategies that encourage sustainable dietary shifts
and meet national reduction goals.

Results

Our analytical sample consisted of 15,332 individuals in the NDNS aged
1.5-96 years who completed four food diary days (Supplementary
Table 1). A full description of the data source, sample selection and
analytical approachis detailed in Methods. In2008-2009, 54% of the
UK population consumed some type of meat on all four food diary
days compared with 48% in 2018-2019 (Supplementary Fig.1). From
2008-2009 t02018-2019, the mean (standard error) daily per capita
consumption of total meat decreased by 17.5 g from 103.4 (2.33) to
86.2 (2.65) (Pyenq < 0.001) (Supplementary Table 2). The proportion
of meat consumers dropped by 3.2% from 96.4 (0.74) to 93.4 (1.09)
(Pyena < 0.001), whereas the average number of meat-eating days
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Fig.1| Trends of meat-eating behaviours in the UK NDNS rolling programme
years1-11. a, Proportion of the population consuming meat (%). b, Average
number of meat-eating days over the four-day diary period. Meat-eating days

(>0 g meat consumed) ranged from 0 to 4 days. ¢, Average number of meat-eating
occasions per meat-eating day. Mean meat-eating meal occasions (containing

>0 g meat) were within meat-eating days. d, Portion size (g) per meat-eating meal

Survey year

occasion. Mean portion size (g) of meat was across all meat-eating occasions.
Trends over time were evaluated using Poisson regression models for count data
(frequency of meat-eating days) and generalized linear regression models for
continuous data (proportion of meat consumers, daily meat-eating occasions,
portion size and per capita average consumption).

decreased by 0.15days, from 3.39 (0.03) to 3.24 (0.04) (P < 0.001),
and the mean number of daily meat-eating occasions decreased by
0.03 occasions, from 1.49 (0.02) t0 1.46 (0.02) (Penq = 0.02). Mean
portion size of meat decreased by 9.7 g, from 85.8 (1.73) to 76.1 (1.56)
(Pyena < 0.001) in a meat-eating occasion (Fig. 1 and Supplementary
Table2).Similar trends were observed for red and processed meat, with
the largest reductions observed for red meat (Fig. 1 and Supplemen-
tary Table 2). The only observed increases over time were for propor-
tion of white meat consumers (+2.7%, from 76.3 (1.60) to 79.0 (1.65),
Pyiena < 0.001), white meat-eating days (+0.15 days, from 1.42 (0.04)
t0 1.57 (0.05), Pyeng < 0.001) and daily white meat-eating occasions
(+0.05 occasions, from 0.40 (0.01) to 0.45 (0.02), Pyeng < 0.001). Daily
per capita white meat consumptionalsoincreased (+3.15 g, from 32.59
(1.38) t0 37.54 (1.65), Pcng = 0.001) (Supplementary Table 2). Mean
portionsize of white meat remained unchanged (84.7 g(2.52)t079.7 g
(2.41), Pyyeng = 0.18) (Fig. 1and Supplementary Table 2).

Mean portion size of total meat decreased by 7.7 g at breakfast
from102.0 (6.02) t0 94.3 (6.55) (Pyeng = 0.008) and by 43.4 g at dinner

from284.9 (6.70) t0 241.5 (7.34) (Pyeng < 0.001), with no difference dur-
inglunch (Pg.nq = 0.13) (Supplementary Table 3).

There wasareductionin the proportion of meat consumers among
allsubgroups. Men further reduced their meat consumption through
portion size reductions (-14.9 g, P,,..q < 0.001), whereas women
reduced their consumption across all remaining behaviours, with
portionsize decreasing at aslower ratethanmen (-4.48 g, Pyenq = 0.02,
P,,.=0.02) (Supplementary Table 4a). Adults further decreased their
meat consumption across all remaining eating behaviours, whereas
children only further decreased their meat consumption by portion
size(-3.29 g, Pyena = 0.002) (Supplementary Table 4b). All threeincome
tertiles further reduced their portion size (first: =11.7 g, Pyeng = 0.01;
second: -8.36 g, Pyeng = 0.004; third: -7.42 g, P,..n,g = 0.006), with only
thethird (highest) income tertile also reducing their meat consumption
through meat-eating days (—0.22 days, Py;enq = 0.009) (Supplementary
Table 5¢).

In decomposition analysis, of the 17.5 g decrease in per capita
total meat consumption, portionsize contributed 51.8% (-9.07 g), the
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Fig.2|Decomposition analysis of meat-eating behaviours in the UK NDNS
rolling programme years 1-11. Meat-eating days (>0 g meat consumed) ranged
from O to 4 days. Mean meat-eating occasions (containing >0 g meat) were
within meat-eating days. Mean portion size (g) of meat was across all meat-
eating occasions. Note: each meat type is analysed as a separate population (for
example, ‘processed meat consumers’, ‘red meat consumers’ and soon).

number of meat-eating days contributed 24.4% (-4.28 g), proportion
of meat consumers contributed 17.3% (-3.03 g) and the number of daily
meat-eating occasions contributed 6.5% (-1.14 g) (Fig. 2 and Supple-
mentary Table5). In subgroup analyses, portion size remained the larg-
est contributor among all groups (men: 69.4%, women: 38.5%, adults:
48.1%, children: 66.3%, firstincome tertile: 54.8%, second income ter-
tile: 73.8%, third income tertile: 45.4%) (Supplementary Table 5).

Discussion

This study investigates changes in meat consumption behaviours over
time in the UK population, offering insights not previously explored.
Reducing portion sizes of meat, particularly for red and processed
meat, was the largest driver of recent meat consumption declines
between 2008-2009 and 2018-2019.

Our finding that reduced portion sizes were the primary fac-
tor in declining meat consumption aligns with previous research
suggesting smaller portion sizes may be an effective strategy to
reduce meat intake". Indeed, previous research has highlighted that
meat-orientated consumers (compared with flexitarians) have the
lowest appreciation of meat-free meals, and as such, encouraging this
group to reduce their portion sizes of meat may be most impactful'.
Transitioning to low-meat meals might also present fewer barriers
than adopting meat-free meals due to reduced reliance on taste pref-
erences, perceived social norms and cooking skills, for example®.
More broadly, these findings are corroborated by previous literature
identifying mechanisms underlying the effectiveness of portion size
reductions in lowering energy intake. For example, segmenting meat
portions into smaller units has been found to subtly reduce energy
intake without overwhelming consumers, leveraging ‘unit bias’'—where
individuals may consume less when food is presented in smaller units'.
This observation aligns with existing research, which also identifies
portion size reductions as the primary driver for decreased meat
consumption among groups traditionally identified as high consum-
ers and more resistant to reducing meat intake, notably men®” and
lower socioeconomic status groups'®. Conversely, women and those
in higher income groups—who are more likely to be low consumers
and more open to vegetarianism'*—reduced their meat intake across
allbehavioursincluding meat-free days and meat-free meal occasions,

representingamore deliberate effort. An earlier analysis of NDNS data
found that both men and women decreased their meat consumption at
asimilar rate’, emphasizing that simply examining overall changes in
meat consumption overlooked these meaningful behavioural differ-
ences related to gender. Whereas our findings are based on observed
consumption behaviours and not experimental trials, they support
the possibility of interventions and policies aimed at reducing meat
portionsizestoaccelerate meat-reduction efforts. This evidence also
suggests that interventions designed to specifically target high con-
sumers (that is, men and lower socioeconomic status groups) would
be appropriate. Collaboration between policymakers and the food
industry to establish guidelines for meat portion size, reformulate
composite meat dishes and develop both hybrid meat products and
blends of meat with high-protein plant-based ingredients could be an
importantstep forward.

We observed areductionin total meat portionsize by 9.7 gover the
decade, approximately 2% per annum. Considering established links
between standard serving sizes for red (100 g, 3.5 0z) and processed
(50 g, 1.8 0z) meat and non-communicable diseases' ", these reduc-
tions appear modest. Dose-response relationships between red and
processed meat consumption and non-communicable diseases are
often described as serving-size increments in previous studies>*".
Notably, red and processed meat consumptionin the NDNS averaged
below one serving daily. Therefore, analyses exploring associations
between meat consumption and non-communicable disease might
benefit from more detailed dose-response curves featuring incre-
ments smaller than standard serving sizes. In contrast to reductions
for red and processed meat across all consumption behaviours,
white-meat-eating days and occasions and per capita white meat con-
sumption increased. This divergence may be attributed to several
factors. First, the trend of increased white meat consumption could
be driven by decreasing costs relative to other meats. For example, in
the United Kingdom, roasted chicken prices fell from 304 pence kg™
in December 2008 to 278 pence kg™ in December 2018, whereas over
that same period, beef mince prices rose from 595 pence kg™ to 671
pence kg™ (ref.18). Second, white meat may be perceived as a healthier
alternative considering that unlike red and processed meat, it has not
been classified as a carcinogen by the World Health Organization’s
International Agency for Research on Cancer”. Moreover, white meat
consumption has shown mixed associations on health outcomes such
as cardiovascular disease', lacking the clear causal links observed with
processed meat®. Last, environmental concerns associated with meat
consumption predominantly target beef due to its notably higher
greenhouse gas emissions—nearly ten times higher compared with
poultry’. Consequently, individuals motivated by environmental con-
cerns may be opting for white meat as a less impactful alternative.

In light of portion size reductions primarily driving declines in
meat consumption amongindividuals in the United Kingdom, empha-
sis could shift to promoting complementary approaches, such as
meat-free meals and meat-free days. We found that meat-free days
notably drove reduced meat consumptionamongwomen andthosein
the highestincome group. Similarly, studies of participationin ‘Meat-
less Monday’ in New York and France have shown that participants
were more likely to be women and higher income??, suggesting that
certain groups may respond more positively to these higher-friction
reduction efforts. Furthermore, Meatless Monday campaigns have
gained widespread adoption in over 40 countries, garnering support
fromvarious public health and environmental organizations®. Lever-
aging such campaigns could effectively raise awareness and bolster
participation in meat-reduction efforts*.

Akeystrengthof our studyisthe use of the NDNS, the only dataset
capturing nationally representative diet data for the United Kingdom.
Additionally, introducing a mathematical decomposition technique
highlighted the relativeimportance of different dietary behaviours. A
limitation of our study is the cross-sectional nature of the NDNS, which
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precludes the examination of individual longitudinal dietary behaviour
changes. Furthermore, this study utilized NDNS survey dataup to 2019;
datafor2020 are also available but were collected during the COVID-19
pandemic, which were not representative and used amodified dietary
assessment method®. Itis also important to note that in the absence of
self-reported meal occasionsinthe NDNS, we defined meal occasions
using a previously published approach—on the basis of a minimum
time interval®. This approach may not accurately reflect participants’
true meal occasions; different definitions of a‘meal’ could be applied,
potentially yielding different results. Misreporting and underreporting
arealsoinherentlimitations of self-reported dietary assessment meth-
ods”. The NDNS attempts to address this by providing participants with
guidance, including photographic examples of commonly consumed
foodswith labelled portion size variations for increased accuracy when
estimating portionsize of foods consumed?. Specific to the subgroup
analysis involving children, dietary assessment is complicated by the
requirement for parents or carersto complete the four-day food diary
for those aged <11 years, with input from the child where appropriate.
However, any potential bias that would be introduced by this method
of data collection for children is assumed to be consistent across the
survey years, which may not considerably distort longitudinal trends.

In conclusion, nationally representative dietary data suggest
that declining meat consumption trends in the United Kingdom are
being predominantly driven by reductions in meat portion sizes, with
significant variations across gender, age and income groups. Future
research may wish to explore underlying mechanisms of the reduc-
tionsin portion size (or other consumption behaviours) through spe-
cific food types (for example, composite dishes vs individual meat
items). Additionally, assessing how these reductions align with overall
caloricintake and dietary trends could provide deeper insights into the
broader nutritional implications of these changes. It’s alsoimportant to
determine where these meals are consumed—whether at home or out
of home—to understand whether portion size reductions stem from
broader population-level changes such as restaurant or retailer adjust-
ments, or individual choices. These findings emphasize the potential
oftargeted portionsize interventions and public health policies as an
effective strategy for accelerating reductions in meat consumption
towards health and environmental goals.

Methods

This study did not require ethical or regulatory approval as it utilized
publicly available, anonymized data from the UK National Data Service.
The NDNS rolling programme adheres to the Declaration of Helsinki
and operates under the UK’s Health Research Authority Research Ethics
Committee; approval references: #07/H0604/113 (Years 1-5) and 13/
EE/0016 (Years 6-11)*°. Data collection for the NDNS was conducted
in compliance with ethical regulations, as described in the NDNS
documentation®-°, Participants received up to £50 compensation
for their time and participationin the survey: £20 for providing ablood
sample during the nurse visit and £30 for completing at least three of
four food diary days®. Informed consent was obtained from all par-
ticipants—or their guardian(s), as appropriate—as part of the original
NDNS data collection process®.

Datasource and sample

The NDNS rolling programme is a continuous, cross-sectional sur-
vey, which collects detailed dietary intake data and nutritional status
information from the UK population aged 1.5 years and older, living
in private households®°. The NDNS is funded by Public Health Eng-
land and the UK Food Standards Agency. It aims to monitor the diet
and nutrition of the UK population, providing evidence on adherence
towards public health nutrition targets, ensuring ongoing governmental
support and resources for the collection and analysis of nutritional
data. Further information on the NDNS methodology, including survey
design and weighting, have been previously described*°. Briefly, the

NDNS is designed to be nationally representative of the UK population
and adjusts for age and sex population distributions through survey
weighting. The sample was drawn from Postcode Address Files, which
were grouped into Primary Sampling Units (PSUs) based on postcode
sectors. Fromeach PSU, alist of addresses was randomly selected, and
theinterviewer randomly selected up to one adultand one child to take
part from each household. This study included survey participants from
Years1-11(2008-2009 through 2018-2019) of the rolling programme.

Dietaryintake data

Dietary data were collected using four-day, consecutive food diaries,
with the survey design ensuring equal representation of all days of
the week. Detailed methodology on NDNS data collection has been
described elsewhere?, Briefly, participants were instructed to record all
food and beverages they consumed over the assigned four-day period
withinapaperjournal. For children aged <11 years, a parent or carer was
asked to complete the four-day food diary with input from the child as
appropriate. Children>12 years were asked to complete the diary them-
selves, with details confirmed with others where necessary®®. Participants
estimated portion sizes using household measures (for example, table-
spoons) or reporting the weights on food labels. As this study explored
the frequency of days in which meat was consumed, participants with
<fourfood diary days were notincluded in the analyses (n =323, 2%).

Meat categorization

We explored the consumption of total meat and processed meat, red
meat and white meat separately. We did not include fish consump-
tion in this analysis. Estimates of meat intake were based on disag-
gregated data where all non-meat components of composite dishes
were excluded (that is, the grams of beef only were estimated in beef
lasagne)”®*'. Meat items were disaggregated into pre-existing catego-
ries withinthe NDNS. For dishes containing more than one type of meat,
each meat type was disaggregated separately, into one of 11 mutually
exclusive categories. We grouped these categories into processed, red
and white meat, aligning with the approach used in a previous trend
analysis of meat consumption inthe NDNS’:

1. Processed meat—processed red meat, processed poultry, sau-
sages and burgers.

2. Red meat—beef, lamb, pork, other red meat and offal.

3. White meat—poultry and game birds including duck.

Meat consumption behaviours

We assessed how meat intake changed over time, and specifically
explored the change in four distinct meat consumption behaviours:
(1) proportion of the population consuming meat, (2) frequency of
meat-eating days for meat eaters; (3) daily meat-eating occasions for
days where meatis eaten and (4) portion ssize (in grams) of meat within
meat-eating occasions. For dishes containing more than one meat sub-
type (thatis, processed, red and white meat), frequency of consumption
and portionsize of each subtype was established separately. For exam-
ple, ‘chicken, bacon and mushroom cream pie’, was considered both a
white meatand processed meatitem. Consequently, the portion sizes of
bothwhite meatand processed meat were estimated separately and the
frequency of consumption foreachsubtype was counted independently.

The proportion of the population consuming meat was calcu-
lated through a survey-weighted ratio of meat consumers (>0 g) to
non-consumers (0 g).

Meat-eating days were defined as the number of daysin whichany
quantity of meat (>0 g) was consumed across the four-day food diary
period among meat consumers. We also explored the number of daysin
which no meat was consumed and investigated the distribution of indi-
vidualswhoate meaton0,1,2,3 and 4 days across the four-day period.

Eating occasions were defined as intake >50 kcal (from all food
and drink) recorded with aninterval of >30 minutes between eating?®.
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We defined a meat-eating occasion as intake >50 kcal (from all food
and drink) and >0 g of meat recorded with an interval of >30 minutes
between eating. Average daily meat-eating occasions was calculated
as participants’ mean daily number of meat-eating occasions, across
all meat-eating food diary days.

We determined the portion size of meat (ingrams) consumed dur-
ing each meat-eating occasion. The mean meat portion size was calcu-
lated by averaging the grams of meat consumed across all meat-eating
occasions. Further, we investigated portion size of meat consumed
by standard mealtime: breakfast (6:00-11:00 a.m.), lunch (12:00-
3:00 p.m.) and dinner (4:00-11:00 p.m.), mirroring time periods of a
previous mealtime analysis in the NDNS?,

Sociodemographic characteristics

Sociodemographic variables included self-reported age, sex and
equivalized household income tertiles. For age, participants were
asked to provide their date of birth, or age at last birthday if unknown;
withinterviewer estimates used if participants were unable or unwill-
ing to provide this information. We categorized participants into
the age groups of children (<18 years) and adults (=18 years). Par-
ticipants were asked to self-identify as either male or female, and
in cases of non-disclosure, the interviewer reported sex. Partici-
pants reported their total household income from the previous 12
months, before deductions and tax, inclusive of housing benefits
and child allowance. Within the NDNS data files, these data were
equivalized, accounting for household size and composition and
splitinto tertiles®.

Statistical analysis

Toaddress clustering within the sample and minimize potential selec-
tionand non-response bias at both the household and individual level,
ouranalysesincluded survey weights and PSUs published in the NDNS
datasets and additional clustering at the household level.

We report the proportion of meat consumers, mean number of
meat-eating days, mean number of daily meat-eating occasions per
capita and the mean portion size of meat within a meat-eating occa-
sionineachsurvey year. We also report the daily per capita average of
meat consumption. We investigated trends over time (2008-2009 to
2018-2019) using Poisson regression modelsin analyses of count data
(frequency of meat-eating days) and generalized linear regression
models for continuous data (proportion of meat consumers, daily
meat-eating occasions, portion size and per capitaaverage consump-
tion). Additionally, we conducted separate univariate analyses for each
population subgroup, considering factors such as sex, age group and
equivalized household income tertiles. In these models, confidence
intervals for the coefficients were calculated using the profile likeli-
hood method, implemented by the confint() function in base R and
exponentiated for interpretability where applicable.

To estimate the proportion of responsibility for each meat con-
sumption behaviour relative to the overall decrease in consumption’,
we used a decomposition analysis, based on the following
equationimplemented by Alexander et al.*.

Cit, — Cigy

0= (e Sy )

Here ¢, represents the average total meat consumed per capitai,
attimet(where ¢ isbaseline and ¢, is the subsequent survey year),and X
represents (separately): the proportion of meat consumers, the mean
number of meat-eating days, the mean number of daily meat-eating
occasions and the average portion size of meat (g) within ameat-eating
occasion. We also ran the decomposition analysis by sex, age group and
equivalized income tertile.

Allanalyses were performedin R version 4.2, using the ‘survey’ and
‘srvyr’ packages to account for survey weighting in the demographic

and regression analyses. P < 0.05 was the criterion for statistical sig-
nificancein trend analyses and P < 0.1for the subgroup interactions.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

This analysis used data from the National Diet and Nutrition Survey
(NDNS) rolling programme years 1-11 (2008-2009 through 2018~
2019). These data are open access and freely available for download
fromthe UK Data Service: https://beta.ukdataservice.ac.uk/datacata-
logue/series/series?id=2000033. NDNS dataarerecommended to be
downloaded directly from the UK Data Service so that any pertinent
updates and data sharing agreements are directly available for the
downloader/user.

Code availability
All code used for analysis in this paper is open access via GitHub at
https://github.com/axvonder/NDNSMeatTrends.

References

1. Zhong, V. W. et al. Associations of processed meat, unprocessed
red meat, poultry, or fish intake with incident cardiovascular disease
and all-cause mortality. JAMA Intern. Med. 180, 503-512 (2020).

2. Li, C. et al. Meat consumption and incident type 2 diabetes: an
individual-participant federated meta-analysis of 1.97 million
adults with 100,000 incident cases from 31 cohorts in 20
countries. Lancet Diabetes Endocrinol. 12, 619-630 (2024).

3. Zhao, Z. et al. Red and processed meat consumption and
colorectal cancer risk: a systematic review and meta-analysis.
Oncotarget 8, 83306-83314 (2017).

4. Wang, X. et al. Red and processed meat consumption and
mortality: dose-response meta-analysis of prospective cohort
studies. Public Health Nutr. 19, 893-905 (2016).

5. Poore, J. & Nemecek, T. Reducing food’s environmental impacts
through producers and consumers. Science 360, 987-992 (2018).

6. The Sixth Carbon Budget: The UK’s Path the Net Zero (UK
Committee on Climate Change, 2020); https://www.theccc.
org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-
Budget-The-UKs-path-to-Net-Zero.pdf

7. Stewart, C., Piernas, C., Cook, B. & Jebb, S. A. Trends in UK meat
consumption: analysis of data from years 1-11 (2008-09 to 2018-
19) of the National Diet and Nutrition Survey rolling programme.
Lancet Planet. Health. 5, e699-e708 (2021).

8. OECD/FAO OECD-FAO Agricultural Outlook 2023-2032 (OECD,
2023); https://doi.org/10.1787/08801ab7-en

9. Scientific Advisory Committee on Nutrition Iron and Health
(Stationary Office, Department of Health, 2010).

10. Comrie, F. et al. Modelling the Impact of Reductions in Meat and
Dairy Consumption on Nutrient Intakes and Disease Risk (Univ.
of Edinburgh, Food Standards Scotland, 2024); https://www.
foodstandards.gov.scot/publications-and-research/publications/
modelling-the-impact-of-reductions-in-meat-and-dairy-
consumption-on-nutrient-intakes-and-disease-risk

1. Bianchi, F., Garnett, E., Dorsel, C., Aveyard, P. & Jebb, S.

A. Restructuring physical micro-environments to reduce
the demand for meat: a systematic review and qualitative
comparative analysis. Lancet Planet. Health. 2, e384 (2018).

12. Verain, M. C. D., Dagevos, H. & Jaspers, P. Flexitarianism in the
Netherlands in the 2010 decade: shifts, consumer segments and
motives. Food Qual. Preference 96, 104445 (2022).

13. Michel, F., Hartmann, C. & Siegrist, M. Consumers’ associations,
perceptions and acceptance of meat and plant-based meat
alternatives. Food Qual. Preference 87, 104063 (2021).

Nature Food | Volume 5 | December 2024 | 982-987

986


http://www.nature.com/natfood
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000033
https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000033
https://github.com/axvonder/NDNSMeatTrends
https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf
https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf
https://www.theccc.org.uk/wp-content/uploads/2020/12/The-Sixth-Carbon-Budget-The-UKs-path-to-Net-Zero.pdf
https://doi.org/10.1787/08801ab7-en
https://www.foodstandards.gov.scot/publications-and-research/publications/modelling-the-impact-of-reductions-in-meat-and-dairy-consumption-on-nutrient-intakes-and-disease-risk
https://www.foodstandards.gov.scot/publications-and-research/publications/modelling-the-impact-of-reductions-in-meat-and-dairy-consumption-on-nutrient-intakes-and-disease-risk
https://www.foodstandards.gov.scot/publications-and-research/publications/modelling-the-impact-of-reductions-in-meat-and-dairy-consumption-on-nutrient-intakes-and-disease-risk
https://www.foodstandards.gov.scot/publications-and-research/publications/modelling-the-impact-of-reductions-in-meat-and-dairy-consumption-on-nutrient-intakes-and-disease-risk

Brief Communication

https://doi.org/10.1038/s43016-024-01070-2

14. Steenhuis, I. & Poelman, M. Portion size: latest developments and
interventions. Curr. Obesity Rep. 6, 10-17 (2017).

15. Rosenfeld, D. L. & Tomiyama, A. J. Gender differences in meat
consumption and openness to vegetarianism. Appetite 166,
105475 (2021).

16. Stewart, C. et al. Red and red processed meat consumption
behaviors in Scottish adults. Curr. Dev. Nutr. https://doi.org/
10.1016/j.cdnut.2024.103777 (2024).

17. Bouvard, V. et al. Carcinogenicity of consumption of red and
processed meat. Lancet Oncol. 16, 1599-1600 (2015).

18. Consumer Price Inflation Time Series (Office for National
Statistics, 2024); https://www.ons.gov.uk/economy/
inflationandpriceindices/ datasets/consumerpriceindices

19. Ramel, A. et al. White meat consumption and risk of
cardiovascular disease and type 2 diabetes: a systematic review
and meta-analysis. Food Nutr. Res. https://doi.org/10.29219/fnr.
v67.9543 (2023).

20. Lescinsky, H. et al. Health effects associated with consumption
of unprocessed red meat: a burden of proof study. Nat. Med. 28,
2075-2082 (2022).

21. Ramsing, R. et al. The role of community-based efforts in
promoting sustainable diets: lessons from a grassroots
meat-reduction campaign. J. Agric. Food Syst. Community Dev.
10, 373-397 (2021).

22. Begue, L. & Treich, N. Immediate and 15-week correlates of
individual commitment to a ‘green Monday’ national campaign
fostering weekly substitution of meat and fish by other nutrients.
Nutrients. 11,1694 (2019).

23. Semba, R. D. et al. The origins and growth of the meatless Monday
movement. Front. Nutr. 11, 1283239 (2024).

24. de Visser, R. O., Barnard, S., Benham, D. & Morse, R. Beyond ‘meat
free Monday’: a mixed method study of giving up eating meat.
Appetite. 166, 105463 (2021).

25. Roberts, C. et al. Evaluation of Changes in Dietary Methodology
in the National Diet and Nutrition Survey Rolling Programme from
Year 12 (2019 to 2020): Stage 2 (Office for Health Improvement
and Disparities, 2023); https://www.gov.uk/government/
publications/evaluation-of-change-in-dietary-methodology-
in-ndns-rolling-programme-stage-2/evaluation-of-changes-in-
dietary-methodology-in-the-national-diet-and-nutrition-survey-
rolling-programme-from-year-12-2019-to-2020-stage-2

26. Horgan, G.W., Scalco, A., Craig, T., Whybrow, S. & Macdiarmid, J. I.
Social, temporal and situational influences on meat consumption
in the UK population. Appetite. 138, 1-9 (2019).

27. Rennie, K.L., Coward, A. & Jebb, S. A. Estimating under-reporting
of energy intake in dietary surveys using an individualised method.
Br. J. Nutr. https://doi.org/10.1017/S0007114507433086 (2007).

28. Bates, B. et al. Appendix A: Dietary Data Collection and Editing for
Year 9 of the NDNS RP. National Diet and Nutrition Survey Years 1to
9 of the Rolling Programme (2008/2009-2016/2017): Time Trend
and Income Analyses (Public Health England, 2019).

29. Venables, M. C. et al. Data resource profile: United Kingdom
National Diet and Nutrition Survey rolling programme (2008-19).
Int. J. Epidemiol. 51, 143-e155 (2022).

30. Bates, B. et al. Appendix B: Methodology for Year 9 of the NDNS
RP. National Diet and Nutrition Survey Years 1to 9 of the Rolling
Programme (2008/2009-2016/2017): Time Trend and Income
Analyses (Public Health England, 2019).

31. Fitt, E. et al. Disaggregating composite food codes in the UK
National Diet and Nutrition Survey food composition databank.
Eur. J. Clin. Nutr. 64, S32-36 (2010).

32. Bates, B., Lennox, A., Bates, C. & Swan, G. Appendix D: Interviewer
(Stage 1) Overview of Elements and Documents. National Diet
and Nutrition Survey Years 1to 9 of the Rolling Programme
(2008/2009-2016/2017): Time Trend and Income Analyses (Public
Health England, 2019).

33. Alexander, P. et al. Drivers for global agricultural land use change:
the nexus of diet, population, yield and bioenergy. Glob. Environ.
Change 35, 138-147 (2015).

Acknowledgements

We thank the participants of the National Diet and Nutrition Survey,
whose involvement has considerably contributed to a better
understanding of the health and dietary habits of individuals across

the United Kingdom. No specific grant or funding was received for this
work. P.A. and L.M.J. acknowledge UKRI support through BB/W018152/1.

Author contributions

AV, L.M.J,, A.L.B. and C.S. designed and conceived the study

with input from P.A. and R.G. AV. performed the analysis and

data visualization with input from A.L.B. and C.S. AV.and A.L.B.
directly accessed and verified the underlying data. AV. had primary
responsibility for the final content. AV. wrote the first draft of the paper
with input from A.L.B. and C.S. All authors critically reviewed and
approved the final paper. A.L.B. and C.S. jointly supervised this work.

Competinginterests
The authors declare no competing interests.

Additional information

Supplementary information The online version contains
supplementary material available at
https://doi.org/10.1038/s43016-024-01070-2.

Correspondence and requests for materials should be addressed to
Alexander Vonderschmidt.

Peer review information Nature Food thanks Becky Ramsing, Machiel
Reinders, Antje Risius, and the other, anonymous, reviewer(s) for their
contribution to the peer review of this work.

Reprints and permissions information is available at
www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2024

Nature Food | Volume 5 | December 2024 | 982-987

987


http://www.nature.com/natfood
https://doi.org/10.1016/j.cdnut.2024.103777
https://doi.org/10.1016/j.cdnut.2024.103777
https://www.ons.gov.uk/economy/inflationandpriceindices/datasets/consumerpriceindices
https://www.ons.gov.uk/economy/inflationandpriceindices/datasets/consumerpriceindices
https://doi.org/10.29219/fnr.v67.9543
https://doi.org/10.29219/fnr.v67.9543
https://www.gov.uk/government/publications/evaluation-of-change-in-dietary-methodology-in-ndns-rolling-programme-stage-2/evaluation-of-changes-in-dietary-methodology-in-the-national-diet-and-nutrition-survey-rolling-programme-from-year-12-2019-to-2020-stage-2
https://www.gov.uk/government/publications/evaluation-of-change-in-dietary-methodology-in-ndns-rolling-programme-stage-2/evaluation-of-changes-in-dietary-methodology-in-the-national-diet-and-nutrition-survey-rolling-programme-from-year-12-2019-to-2020-stage-2
https://www.gov.uk/government/publications/evaluation-of-change-in-dietary-methodology-in-ndns-rolling-programme-stage-2/evaluation-of-changes-in-dietary-methodology-in-the-national-diet-and-nutrition-survey-rolling-programme-from-year-12-2019-to-2020-stage-2
https://www.gov.uk/government/publications/evaluation-of-change-in-dietary-methodology-in-ndns-rolling-programme-stage-2/evaluation-of-changes-in-dietary-methodology-in-the-national-diet-and-nutrition-survey-rolling-programme-from-year-12-2019-to-2020-stage-2
https://www.gov.uk/government/publications/evaluation-of-change-in-dietary-methodology-in-ndns-rolling-programme-stage-2/evaluation-of-changes-in-dietary-methodology-in-the-national-diet-and-nutrition-survey-rolling-programme-from-year-12-2019-to-2020-stage-2
https://doi.org/10.1017/S0007114507433086
https://doi.org/10.1038/s43016-024-01070-2
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

nature portfolio

Corresponding author(s):  Alexander Vonderschmidt

Last updated by author(s): Sep 1, 2024

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

>
S~
Q

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

XXX [0 [0 0001 ol

|:| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection | No software was used to collect data; secondary analysis of open-source data only.

Data analysis All code used for analysis in this paper is open access on GitHub: https://github.com/axvonder/NDNSMeatTrends. All analyses were
performed in R version v4.3.3, using the “survey" (v4.4.1) and “srvyr” (v1.2.0) packages to account for survey weighting in the demographic
and regression analyses.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

This analysis used data from the National Diet and Nutrition Survey (NDNS) Rolling Programme years 1-11 (2008/09-2018/19). This data is open access and available
for download from the UK Data Service: https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=2000033.

>
Q
Q
c
@
O
]
=
o
=
—
®
©O
]
=
S
(e}
wv
c
3
3
Q
<




Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender From the NDNS methods of data collection: participants were asked to self-identify as either male or female, and in cases of
non-disclosure, the interviewer reported sex.

Reporting on race, ethnicity, or | We used household income as a covariate in our model and for population subgroup analysis. Per the NDNS, participants

other socially relevant reported their total household income from the previous 12 months, before deductions and tax, inclusive of housing benefits

groupings and child allowance. Within the NDNS data files, these data were equivalised, accounting for household size and composition,
and split into tertiles. Household income was included because previous studies of meat consumption in the NDNS (and in
the literature more broadly) have shown differences in consumption patterns by household income (or other markers of
income such as socioeconomic status).

Population characteristics Sociodemographic variables included self-reported age, sex, and equivalised household income tertiles. For age, participants
were asked to provide their date of birth, or age at last birthday if unknown; with interviewer estimates used if participants
were unable or unwilling to provide this information. We categorised participants into the age groups of children (<18 years)
and adults (=18 years). Participants were asked to self-identify as either male or female, and in cases of non-disclosure, the
interviewer reported sex.

>
Q
Q
c
@
O
]
=
o
=
—
®
©O
]
=
S
(e}
wv
c
3
3
Q
<

Recruitment Information on recruitment has been described in the NDNS methodology appendices: Bates B, Collins D, Cox L, et al.
Appendix B methodology for year 9 of the NDNS RP. National diet and nutrition survey years 1 to 9 of the rolling programme
(2008/2009 - 2016/2017): time trend and income analyses. Published online 2019.

Ethics oversight Ethics considerations surrounding collection of National Diet and Nutrition Survey data are described in the National Diet and

Nutrition Survey appendices (Appendix B; https://s3.eu-west-2.amazonaws.com/fsa-catalogue2/NDNS+Y1-9_Appendix
+B_Methodology_FINAL.pdf).

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|:| Life sciences X’ Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description Our study is a quantitative secondary analysis of an open-sourced, survey-weighted and nationally representative dataset (National
Diet and Nutrition Survey, NDNS) in the UK.

Research sample The research sample (NDNS) is a nationally representative and weighted cohort of UK individuals; aged 1.5 - 96. The dataset is
existing and open-sourced. This dataset was chosen as it is the only dataset which has collected nationally representative diet data in
the UK.

Sampling strategy No formal sample size calculation was performed for this study. The sample size was determined based on the design and

methodology of the NDNS, which aims to be nationally representative of the UK population. The NDNS employs a stratified random
sampling strategy to ensure the inclusion of diverse demographic groups across the UK, with survey weights applied to account for
population distributions and non-response. The sample was drawn from Postcode Address Files, which were grouped into Primary
Sampling Units (PSUs) based on postcode sectors. From each PSU, a list of addresses was randomly selected, and the interviewer
randomly selected up to 1 adult and 1 child to take part from each household. The use of a large, nationally representative sample of
over 15,000 individuals across multiple years enhances the robustness and generalisability of the findings. The repeated measures
over a decade also provide a comprehensive overview of dietary behaviours over time, which is particularly valuable for trend
analysis. Therefore, the extensive coverage and methodological rigor of the NDNS provide confidence that the sample size is
sufficient to detect meaningful trends and differences in meat consumption behaviours across the UK population.

Data collection Specific to our analysis, dietary data were collected using 4-day, consecutive food diaries, with the survey design ensuring equal
representation of all days of the week. Briefly, participants were instructed to record all food and beverages they consumed over the
assigned 4-day period within a paper journal. Participants estimated portion sizes using household measures (e.g., tablespoons) or
reporting the weights on food labels. Further information on data collection for the NDNS can be found in the NDNS appendices:
https://assets.publishing.service.gov.uk/media/6149e831e90e070434bbcOda/Follow_up_study_2020_Appendix_A_ Methodology.pdf

More broadly, the NDNS is public health surveillance tool designed to collect comprehensive dietary data without any specific
hypothesis testing in mind at the time of data collection. Thus, this large-scale observational study that does not involve an
experimental condition, and therefore, researcher blinding to experimental conditions was not applicable. Both the NDNS and this




analysis did not involve an intervention, but rather focused on observing and analysing existing dietary behaviours in the UK
population over time.

Timing Data for each survey year was collected during fieldwork in multi-month waves throughout each respective round of the NDNS. For
years 1-4, data was collected from April 2008 to March 2011. For years 5-6, data was collected from April 2012 to June 2014. For
years 7 & 8, data was collected from April 2014 to June 2016. For years 9-11, data was collected from April 2016 to June 2019.
Information on timing of data collection for the NDNS can be found in the NDNS appendices. Specifically, Appendix B for each
respective NDNS round contains detailed information on data collection timing.

Data exclusions As this study explored the frequency of days in which meat was consumed, participants with <4 food-diary days were not included in
the analyses (n=323, 2%). This exclusion was established before analyses were completed.

Non-participation In general, the NDNS ensured high participation rates and low drop out through many mechanisms such as: comprehensive
communication (descriptive letters prior to survey), incentives, flexibility in participation and interviewing over longer time periods,
follow-ups and reminders (through phone calls, emails, and letters), simplified data collection, training, confidentiality assurances,
and building community networks/relationships. Exact participation varied by year of the Survey, though for year 1 (2008/09),
participation was very high at 96% of selected individuals being "full productive respondents." Information on participation statistics
during data collection/interviews for the NDNS can be found in the NDNS appendices: https://assets.publishing.service.gov.uk/
media/6149e831e90e070434bbc0da/Follow_up_study 2020 _Appendix_A_Methodology.pdf as well as comparison studies of the
NDNS assessment method: https://www.mrc-epid.cam.ac.uk/wp-content/uploads/2021/07/NDNS-Comparison-Study-
report_FINAL.pdf

Randomization Households were randomly selected from each PSU based on postcode sector. Within a randomly selected household, 1 adult and 1
child was randomly selected. This study (as well as the NDNS itself) did not involve the creation of experimental groups, as it is based
on observational data from the NDNS. The random selection of households and participants within households was conducted to
ensure that the sample was representative of the UK population. Thus, random allocation and control of covariates in the context of
group assignments are not applicable to this study. This analysis controlled for potential confounding factors through survey
weighting during data analysis, ensuring that the results are representative and account for demographic differences across the
population.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods

n/a | Involved in the study n/a | Involved in the study
Antibodies XI|[] chip-seq
Eukaryotic cell lines |Z |:| Flow cytometry
Palaeontology and archaeology |Z |:| MRI-based neuroimaging

Animals and other organisms
Clinical data

Dual use research of concern

XXX XXX X
Ooodoog

Plants

Plants

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches,
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor

was applied-
Authentication Describe-any-atthentication-procedures foreach seed stock-tised-or-novel-genotype-generated.Describe-any-experiments-used-to

assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism,
off-target gene editing) were examined.

>
Q
=)
e
(D
O
@)
=4
o
=
—
(D
O
@)
=
)
(@]
wv
C
=
=
)
<




	Smaller meat portions contribute the most to reducing meat consumption in the United Kingdom

	Results

	Discussion

	Methods

	Data source and sample

	Dietary intake data

	Meat categorization

	Meat consumption behaviours

	Sociodemographic characteristics

	Statistical analysis

	Reporting summary


	Acknowledgements

	Fig. 1 Trends of meat-eating behaviours in the UK NDNS rolling programme years 1–11.
	Fig. 2 Decomposition analysis of meat-eating behaviours in the UK NDNS rolling programme years 1–11.




