European Journal of Nutrition (2025) 64:139
https://doi.org/10.1007/500394-025-03611-2

ORIGINAL CONTRIBUTION q

Check for
updates

Pulse and legume consumption is associated with a more optimal
nutrient intake and a higher EAT-Lancet index in a representative UK
population

1,24
1,23

Yankho Kaimila - Oyinkansola A. Olotu’2® . Miriam E. Clegg'*® - Kim G. Jackson'-*3

Julie A. Lovegrove

Received: 12 July 2024 / Accepted: 2 February 2025 / Published online: 26 March 2025
© The Author(s) 2025

Abstract

Purpose Diets high in pulses and legumes have been associated with improved cardiovascular disease (CVD) risk markers
but the relationship is less well studied in UK populations. To address this, associations between consumption of pulses (dried
beans, peas and lentils) and legumes (pulses, fresh peas and green beans) with nutrient intake and status, a sustainable diet
quality score (EAT-Lancet index), CVD risk markers and food expenditure was assessed in representative UK populations.
Methods A secondary analysis of data from the UK National Diet and Nutrition Survey (2008-2019) and the Living Costs
and Food Survey (2001-2022) was conducted. To assess the relationships, regression models controlling for covariates
were used.

Results Children and adults consumed mean +SD 10.6 +27.0 g/day and 15.0 +21.0 g/day of pulses, and 16.7 +32.5 g/
day and 27.3 +26.0 g/day of legumes, respectively. Diets rich in pulses and legumes were associated with higher intakes of
energy, fibre, vitamin E, thiamine, folate, biotin, sodium, potassium, phosphorus, magnesium, iron, zinc, and manganese;
lower intakes of saturated fats, total and free sugars and higher plasma selenium and total carotenoid concentrations (all
P <0.05). Consumption of a portion (80 g) of pulses and legumes was associated with a 3.7 point increase in EAT-Lancet
index (P <0.001). Average expenditure on pulses and legumes/person/week in 2022 was £1.68 and £2.90, equivalent to
0.33% and 0.56% of weekly income respectively.

Conclusions Pulse and legume-rich diets are broadly associated with a more optimum nutrient intake, higher micronutri-
ent status and a more sustainable diet. Strategies are needed to increase pulse and legume consumption in UK populations.
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Introduction

A healthful plant-based dietary pattern that encourages a
higher consumption of nutrient dense unprocessed plant
foods such as fruits, vegetables, legumes, and wholegrains
and a lower consumption of animal-based foods, processed
foods and free sugars, is associated with improved cardio-
metabolic health [1]. The WHO recommends consumption
of a minimum of 400 g/day of fruits and vegetables [2],
supported by epidemiological studies which have reported
a 6—10% reduction in risk of cardiovascular diseases (CVD)
for every 80 g increase in consumption [3]. The UK govern-
ment adapted this recommendation to 5 portions of a variety
of fruits and vegetables/day with a portion defined as 80 g
for fresh and 30 g for dried foods [4]. Despite the launch of
this dietary recommendation in 2003, the mean consump-
tion of fruits and vegetables in UK adults was 296 g/day
(approximately 3.7 portions) in 2018, considerably below
these recommendations, particularly in populations in the
most deprived areas [5].

Due to their health benefits, the UK Eatwell guide recom-
mends consumption of 80 g/day of pulses as protein sources,
which also contributes 1 portion to the 5 a day recommenda-
tion [4]. Pulses are the dried edible seeds of plants from the
Leguminosae family (legumes, which are flowering plants
with seeds contained within pods), whereas, legumes also
include fresh peas, green beans, soya beans and peanuts.
Pulses are rich sources of proteins (21-25%), complex car-
bohydrates (60-65%), dietary fibre (10-20%) and micro-
nutrients such as folate, thiamine, riboflavin, vitamin B6,
niacin, iron, zinc, magnesium and potassium [6]. Higher
consumption has been associated with lower total and LDL
cholesterol [7], and a lower odds of developing hyperten-
sion in a UK population [8], with dietary fibre associated
with 16% lower all-cause mortality and 18% lower CVD
mortality [9]. Furthermore, substituting red meat with pulses
was associated with a lower risk of colorectal cancer, type
2 diabetes, and ischaemic heart disease in a Danish popula-
tion [10].

In 2022, Henry Dimbleby published Part 2 of the
National Food strategy which identified the need to move
to a more sustainable and healthful diet. Pulses as a food
group, are associated with reduced greenhouse gas emis-
sions, water and land use when compared with diets rich in
meat [11] and therefore are an important component of an
environmentally sustainable diet. In 2019 the EAT Lancet
commission, a group of global experts from 16 countries
working on defining the targets for healthful and sustain-
able diets, released a report that recommended consuming

@ Springer

50 g/day (dry weight) of peas, beans and lentils as part of a
healthful environmentally friendly diet [12]. A higher EAT-
Lancet index has been positively associated with lower risk
of developing cardiometabolic diseases [13, 14], improved
environmental impact [13] and higher probability of meet-
ing micronutrient recommendations [15]. Although 6.1%
(233,000 hectares per year) of the UK’s croppable area is
used for growing faba beans and green peas, the majority
of beans consumed in the UK are imported, primarily from
Brazil, Canada, USA, Kenya and the Netherlands [16]. A
report from the BeanMeals project in 2023 found that fresh
beans and peas were more commonly purchased compared
to legumes in their dried form. Higher purchase of processed
alternatives such as baked beans (mean 79 g/day) compared
to other canned beans (mean 24 g/day) were also reported
possibly due to the convenience [16].

There is limited UK data on pulse or legume-rich dietary
patterns, nutrient intakes and status, and CVD risk markers.
Since a specific dietary recommendation exists in the UK for
pulses [4], this analysis of the National Diet and Nutrition
Survey (NDNS) aimed to determine the associations of both
pulses (defined here as dried beans, lentils, peas and soy)
and legumes (defined here as pulses, green beans and peas)
consumption separately in a representative UK population
and how this is associated with nutrient intake and status, a
sustainable diet quality score (EAT Lancet Index) and health
outcomes. To identify the trends in consumer purchasing of
pulses and legumes in the UK the family food module data-
set from the Living Costs and Food Survey (LCFS) was
analysed. We hypothesised that pulse and legume rich diets
will be associated with a more beneficial nutrient intake and
status, diet quality, health biomarkers and sustainability, than
pulse and legume poor diets.

Methods
Sources of data for the cross-sectional analysis

The NDNS is a UK government cross-sectional continuous
rolling program that began data collection in 2008. The sur-
vey collects detailed quantitative data on the diet and nutri-
ent intake, and nutrient status of a representative sample of
the UK population aged 1.5 years and above, who reside
in private households [17]. A sample of 1000 participants
are surveyed each year, with a distribution of 500 children
aged 1.5 years to 18 years and 500 adults aged 19 years and
above. This paper reports on data collected from the first
11 years of the survey, between 2008 and 2019 which used
the same dietary assessment method. The participant sam-
ple (n=15,655) was drawn randomly from postcode address
files that were compiled by the national post office and to
achieve equality in sampling, households were divided into
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five primary sampling units (PSUs) with similar sociode-
mographic characteristics that were sorted by population
density [17]. During these years, data collection was con-
ducted in the participants household in two stages; 1) the
interviewer stage and 2) the nurse stage, carried out 2 to
4 months apart. During the interviewer stage, participants
completed questionnaires which collected information on
sociodemographic characteristics, lifestyle, anthropometrics
and an estimated three or four-day food diary (7999 adults
and 7656 children) [17]. In the nurse stage, blood biomark-
ers (4181 adults and 2014 children), 24 h urine (3246 adults
and 2318 children), blood pressure (4443 adults and 3254
children) [17], waist and hip circumferences (5721 adults
and 2302 children), and infant length and mid upper arm
circumferences (2278 children) were taken in a subset of
the participants. Details of the NDNS methodology has been
described in detail elsewhere [17].

Dietary data

Three or four-day estimated food diaries were used to collect
dietary intake data over two or three consecutive weekdays
and one weekend day. The diet diaries were manually coded
into the Diet in Nutrients Out dietary assessment system
that is linked to a food composition database in the NDNS
nutrient data bank. For dietary intake data that was reported
as raw weights by the participants, a weight change factor
based on comparable recipes in McCance and Widdowson’s
the Composition of Food series was applied to determine
the cooked weight of the food items. Details on the dietary
intake methodology are described in NDNS appendices
[18]. In this analysis, pulses are defined as all dried beans
and their products including soya beans and soy products
(such as soya milk and tofu). This was chosen as it matched
the NDNS variable categorisation defined as “Beansg” in
the database. We also analysed a further category called
legumes, which included the original pulse data, as well as
fresh peas, green beans, and fresh beans such as faba beans
which are classed as vegetables (commonly called broad
beans) when eaten fresh. These categories include intake
data from composite dishes. All results are presented as
mean consumption in g/day for all participants that recorded
at least three days of dietary data.

Anthropometric measures, cardiovascular disease
risk markers and biochemical analytes of nutrient
status

The data used in our analysis included anthropometrics
(body mass index, waist circumference, waist to hip ratio),
CVD risk markers (diastolic blood pressure, systolic blood
pressure, plasma glucose, total cholesterol, HDL-cholesterol,
LDL-cholesterol, triacylglycerol and C-reactive protein),

and nutrient status markers (plasma ferritin, plasma iron,
red blood cell thiamine, red blood cell riboflavin, plasma
vitamin B6, serum vitamin B12, serum holotranscobalamin,
serum folate, plasma vitamin C, plasma retinol, plasma total
carotenoids, plasma alpha tocopherol, 25-hydroxy-vitamin
D, plasma selenium and zinc in years 1-10 and serum sele-
nium and zinc in year 11 and urinary sodium). Portable
stadiometers were used for height measurement for all par-
ticipants apart from older adults aged 65 + years with whom
demispan was used. These methods are reported elsewhere
[17,18].

Sustainable diet quality assessment using
the EAT-Lancet index

The EAT-Lancet index used in this analysis was developed
and validated by Stubbendorff et al. [19]. The adapted die-
tary index has a total possible score of 42 points derived
from 14 food components; participants have a score ranging
from O to 3 points indicating low and high adherence for each
component respectively. The 14 food components include
wholegrains, vegetables, fruits, potatoes, nuts, legumes,
fish, poultry, pork, beef and lamb, eggs, dairy, unsaturated
fats and added sugar [19]. The EAT-Lancet index recom-
mendations are based on dry weights of certain foods. The
NDNS reports food as consumed hence, we converted food
eaten to raw weights by using conversion factors for who-
legrains, legumes, meat, and fish using McCance and Wid-
dowson food composition tables [20]. In the wholegrains
food component, baked goods made from wholegrain flours
were divided by 0.18, for grains such as rice by 0.39 and for
wholegrain breakfast cereals by 0.92. For red meat (pork,
lamb, and beef), the total grams consumed/day was divided
by 0.72, for poultry by 0.75, for white fish by 0.83, for oily
fish by 0.88 and for shellfish by 0.67. For all pulses, the
total grams consumed/day was divided by 2.83. The foods
included in the 14 categories are listed in Supplementary
Table 1. Added fats were calculated by summing unsatu-
rated fats (monounsaturated fats, omega 3 fatty acids and
omega 6 fatty acids), as reported by the NDNS in the person
level database, and the total amount includes unsaturated fats
consumed from composite dishes. Free sugar was calculated
by subtracting monosaccharides from fruits and vegetables
from total monosaccharides consumed as reported in the
NDNS food level database.

Consumer expenditure using the living costs
and food survey

The LCFS is an annual continuous cross-sectional survey of
household expenditure on goods and services and household
income in the UK. The survey samples approximately 5400
participants aged 7 and above annually, who are requested to
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keep a record of all their daily expenditures made over two
weeks. The sample is representative of the UK population
as the participants are selected from the postal address file
which have been divided into approximately 700 PSUs which
are weighted to factor in demographic distributions [21]. For
this analysis, we used the family food module dataset of the
LCFS which includes a record of food and non-alcoholic drink
expenditures made by the household, including food pur-
chased for consumption outside the home from 2001-2002 to
2021-2022 [22]. The family food module reports household
expenditure in gross income quintiles and equalised income
deciles. Expenditure was reported in pence per person per
week (p/person/week) for each food item ranging from meat
to dairy and bread [22].

Statistical analysis

All statistical analyses were performed using Stata software,
version 18.0 (Stata Corp LP). The NDNS database was ana-
lysed as a survey using the svy command in Stata. Combined
survey weights for all 11 years, statistical subpopulation 4
(defined as strata 4) and PSUs were applied to the database
prior to analysis to ensure a true representation of the UK pop-
ulation, reduce biases due to non-response and differences in
socioeconomic status and total population per cluster as rec-
ommended by the NDNS user guide [23]. Individual weights
were applied in the analysis of nutrient intake and EAT-Lancet
index score; while nurse weights were applied in the analy-
sis of the association of pulse and legume consumption with
blood pressure and anthropometric measurements, and blood
weights were applied in the analysis of the association of pulse
and legume consumption with all blood analyte variables such
as lipids and glucose [23]. Linearised survey adjusted linear
regression was used to assess the association of pulse con-
sumption with dietary intake, CVD risk markers, nutrient sta-
tus markers and EAT Lancet index score. The models were
controlled for age, sex, energy, supplement intake, household
income, ethnicity, region of residence and year of survey with
the exception of the demographic characteristics which were
controlled for total dietary energy. Pulse consumption was
analysed as a continuous variable in all models. The analysis
was run separately for children and adults. A P-value of <0.05
was considered statistically significant. All data is presented
as mean and standard deviation (SD). To analyse the trends in
expenditure of pulses and legumes in LCFS, descriptive sta-
tistics using excel were conducted and reported in percentages
and means in £/person/week.
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Results

Comparison of pulses and legumes consumption
across demographic characteristics

Pulses were consumed by 55.1% (n=4221/7656) and
56.7% (n=4537/7999) of the UK children (1.5-18 years)
and adults (19-96 years), which represented mean intakes
of 10.6+27.0 g/d and 15.0+21.0 g/d respectively. Only
1% (n=60/7656) of the children and 2% (n=140/7999) of
the adults included in the analysis consumed on average
one portion (80 g) or more of pulses/day. The percentage
of participants who consumed legumes (defined here as
beans, peas, and green beans) was 72.5% (n=5548/7656)
in children and 79% (n=6319/7999) in adults and
the mean consumption was 16.7 +32.5 g/day and
27.3 +26.0 g/day in children and adults respectively. Only
1.4% (n=110/7656) of children and 5.2% (n=416/7999)
of adults consumed on average one portion of legumes/
day. In children, baked beans were the most consumed
pulse followed by green beans, peas, soybeans and chick-
peas. In adults, baked beans were also the most consumed
pulse, followed by soybeans, green beans, chickpeas and
peas (Fig. 1).

The mean pulse and legume consumption by differ-
ent demographic characteristics is reported in Table 1.
Those of Asian ethnicity, 4.6% of the total sample pop-
ulation (n=721/15655), consumed significantly more
pulses (8.1 g-10.4 g/day in children and 7.5 g-27.5 g/
day in adults) and legumes (8.5 g-11.6 g/day in children
and 10.8 g-25.9 g/day in adults) than all other ethnici-
ties, P<0.001. Individuals from Northern Ireland con-
sumed significantly less pulses (1.6—4.3 g/day in children
and 2.0-5.5 g/day in adults) and legumes (0.9-7.4 g/
day in children and 4.0-8.6 g/day in adults) compared
to individuals from the rest of the UK (all p <0.05). In
adults, participants from year 9 (2016-2017) consumed
5.3 g more legumes compared to participants from year 3
(2010-2011) (P=0.046). Children from households with
an annual income under £5,000 consumed less pulses
than children from households with an annual income
that ranged from £5,000-£9,999, (P =0.038) but not for
legumes (P=0.49). Compared to adults from house-
holds with an annual income between £25,000-£29,999,
only adults from households from £15,000-£19,999 and
£45,000-49,999 consumed more pulses (P <0.05) but
these differences were not statistically significant for leg-
umes. In years 2 (2009-2010) and 3 (2010-2011) of the
survey, children consumed 3.0 g (P=0.029) and 2.5 g
(p=0.039) more pulses compared to year 7 (2014/2015),
respectively; while in adults, participants from year
9 (2016-2017) consumed 4.6 g (P=0.041) and 3.8 g
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(P=0.027) more pulses compared to years 2 (2009-2010)
and 6 (2013-2014) respectively, and participants from year
11 (2018-2019) consumed 4.6 g (P=0.047) and 3.8 g
(P=0.026) more pulses compared to years 2 (2009-2010)
and 6 (2013-2014) respectively. In children, participants
from years 2 (2009-2010) and 3 (2010-2011) consumed
3.0 g to 4.8 g more legumes compared to participants from
years 4 (2011-2012), 6 (2013-2014), 7 (2014-2015), and
8 (2015-2016) (P <0.05).

Association of pulse and legume intake with dietary
intake and health outcomes

Nutrient intake and status

In children, consumption of pulses and legumes was associ-
ated with significantly higher intakes of dietary energy, fibre,
vitamin E, thiamine, folate, biotin, sodium, potassium, phos-
phorus, magnesium, iron, zinc, and manganese; and lower
intakes of saturated fats, total and free sugars (all P <0.05),
(Table 2). Only a higher intake of protein was observed for
greater legume consumption (P <0.001). However, consum-
ing pulses was not significantly associated with circulating
biomarkers of nutrient intake, with the exception of plasma
vitamin B6 which was 14.4 nmol/L lower per portion (80 g)
of pulses consumed (P=0.012). One portion of legumes was
associated with a higher serum selenium and plasma total
carotenoids, (P <0.05) see Table 3.

In adults, consumption of pulses and legumes was
related to significantly higher intakes of dietary energy,
fibre, carbohydrates, vitamins E and C, thiamine, folate,

biotin, sodium, potassium, phosphorus, magnesium, iron,
zinc and manganese; and lower intakes of saturated fats,
free sugars, vitamin B12 and haem iron (all P <0.05). A
higher intake of protein was only observed for legumes
(P=0.001), see Table 2. A portion (80 g) of pulses and
legumes were significantly associated with higher plasma
carotenoids, but serum markers of nutrient status were not
significantly associated, see Table 3.

CVD risk markers

Pulse and legume consumption were not significantly
related to anthropometric or CVD risk markers in either
children or adults as shown in Table 4.

EAT-Lancet Index

In children, the mean score for the Eat-Lancet index was
21.5+5.2 ranging from 9.0 to 36.0. Consumption of 1 g of
pulses and legumes was associated with a 0.05 increase in
the EAT Lancet index score (P <0.001); this translates into
a 3.7 and 3.8 point higher score for pulses and legumes per
portion (80 g) respectively, see Table 2.

In adults, the mean score for the Eat-Lancet index was
22.3 +3.4 ranging from 8.0 to 38.0. Consuming 1 g of
pulses and legumes was associated with a 0.05 increase
in the EAT-Lancet index score (P <0.001); this translates
into a 3.7 point higher score per portion (80 g) for both
pulses and legumes, see Table 2.
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Table 2 (continued)

Adults

Children

Nutrients

Legumes

Pulses

Mean +SD

Legumes

Pulses

Mean +SD

P value

coefficient per

P value
portion

coefficient per

portion

P value

coefficient per

P value
portion

coefficient per
portion

EAT-Lancet index score

<0.001

3.7

<0.001

3.7

222+3.6

<0.001

3.8

<0.001

3.7

21.5+5.6

Index score

The coefficient values reported are from regression models with energy, sex, age, income, region, ethnicity, supplement use and survey year as covariates

“Dairy was defined as whole milk or derivative equivalents, regular milk, 1% fat milk, semi skimmed milk, skimmed milk, yoghurt and other fermented milk products, hard cheese, soft cheese,

cream, butter, butter-based spreads

Household expenditure on pulses and legumes
in the UK

A total of 163,692 people were surveyed in the family food
module of the LCFS since 2001 with each decile of income/
week comprising of between 14,400 to 17,300 participants.
There was a general increasing trend in the average house-
hold expenditure/person in pulses and legumes from £0.79
to £1.68 and £2.10 to £2.90 respectively between 2001
and 2022 (Fig. 2). An average of 0.49% to 0.62% of the
total household expenditure was spent on pulses and leg-
umes between 2001 to 2021-22 across deciles 1 to 10 of
income in the UK. Households from deciles 1 had the low-
est absolute spend on pulses and legumes compared to all
the other deciles while decile 10 had the highest absolute
spend (Fig. 3a). However, as a percentage of weekly income,
deciles 1 and 10 spent 0.95% and 0.22% on pulses and 1.73%
and 0.52% on legumes, respectively (Fig. 3b).

Legumes are depicted by the gray line and pulses by the
black line. The horizonal line is the time span of the NDNS;
The black box represents the COVID-19 pandemic. The dif-
ferences in the changes in reporting of the year were due to
changes in the family food module from financial year basis
to calendar year basis and back to financial year basis.

The average equalised disposable pre-income tax
(OECD Scale) per week for each decile (averaged from
2010-2020/21) was1 £154; 2 £210; 3 £264; 4 £319; 5 £383;
6 £454; 7 £544; 8 £664, 9 £875; 10 £875 +.

Discussion

These data analyses have shown that in the UK, diets rich
in pulses and legumes were associated with a more optimal
nutrient intake and a higher EAT-Lancet index in both chil-
dren and adults, but not CVD risk markers relative to pulse
and legume poor diets. Ethnicity, region, year of the sur-
vey and household income were sociodemographic factors
found to impact on this relationship, with average household
expenditure on pulses and legumes shown to increase by £1/
person/week between 2001 and 2022.

As expected diets higher in pulses and legumes were
associated with higher micronutrient and dietary fibre
intakes and lower total fats, saturated fats and free sugar.
Furthermore, a higher Eat-Lancet Index was observed with
greater pulse and legume intake, which was reflective of
a more sustainable and higher quality diet. Micronutrient
deficiencies persist in the UK with iron, folate, and zinc
being the most common deficiencies especially in the most
vulnerable populations [24-27]. Similar to our findings,
diets of individuals that consumed > 66.3 g/day of pulses
were associated with higher intakes of thiamine, folate, nia-
cin, iron, zinc, calcium, magnesium, phosphorus, selenium

@ Springer
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Fig.2 The absolute spend in pounds (£)/person/week (A) and percentage of weekly income spent (B) on pulses and legumes across 10 income

deciles between 2008 to 2018-19

and potassium, compared to non-consumers in American
[28], Australian [29], and Canadian populations [30]. While
higher micronutrient intakes were observed in our analysis,
only plasma total carotenoids were associated with pulse and
legume intake in adults, and vitamin C and selenium were
associated with legume intake in children. These observa-
tions could reflect the higher consumption of vegetables in
those who consumed higher pulses and legumes, as plasma
carotenoids can be used as a biomarker of vegetable con-
sumption [31]. Adults who consumed higher amounts of
pulses also had a lower consumption of all meat, and since
meat is a rich source of vitamin B12 this could be a con-
tributing factor for the observed lower vitamin B12 intake.
However, these lower intakes were not reflected in plasma
vitamin B12, a biomarker of intake and vitamin B12 status.
The lower dietary vitamin B12 intakes in the NDNS popula-
tion supports the findings from a Canadian population where
estimates were lower in adults that consumed > 66.3 g/day of
pulses versus non-consumers [28]. Higher fibre intakes have
also been linked with diets higher in pulses and legumes
not only in the UK (6.0-22.9 g/day) but also in the Austral-
ian (8.5 g/day) [29], Canadian (5.6 g-14.1 g/day) [28] and
American populations (4.3 g-21.8 g/day) (19), compared to
non-consumers, which is unsurprising as pulses and legumes
have a high fibre content [6].

In contrast to the beneficial relationship between
diets higher in pulses and legumes and dietary fibre and

@ Springer

micronutrients, our analysis also revealed a positive rela-
tionship with total dietary energy and sodium intakes, a find-
ing supported by previous studies in western populations
[30] [28]. Pulses and legumes are often consumed as part
of composite dishes that are carbohydrate based (e.g. rice,
tacos and tortillas) and energy dense [28, 30, 32], which
could be contributing to the positive association between
dietary patterns that contain higher pulses and energy intake.
Although total energy was higher, there were no significant
associations between pulse or legume-rich diets and anthro-
pometric measures. This apparent inconsistency may relate
to different lifestyle characteristic, such as a higher physical
activity level in those consuming pulse or legume-rich diets
and warrants further investigation. Our finding of a positive
association between dietary sodium intake and pulse con-
sumption is not unique to the UK population. In a Canadian
cohort high salt intake was proposed to be related to a higher
consumption of canned beans, Hispanic bean dishes and
soups that traditionally have a high sodium content [28]. Our
analysis revealed that baked beans (canned haricot beans in a
tomato sauce), which have a relatively high sodium content
(around 340 mg/80 g), were the most commonly consumed
pulse in the UK in both children and adults. However, esti-
mation of sodium intake from diet diary analysis is chal-
lenging and generally underestimates consumption. A key
limitation is that salt added during cooking or at the table,
an important source of dietary sodium, is not included in
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Fig.3 The absolute spend in A 5.0
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the estimation. Within the NDNS, urinary sodium is used
as an objective biomarker of sodium intake. In contrast to
the dietary sodium data, there was no association between
pulse and legume-rich diets and urinary sodium, suggesting
no significant relationship between pulses, or legumes and
sodium intake. Furthermore, despite high sodium intakes
being associated with increased risk of developing hyperten-
sion [33], we did not find an associations between consump-
tion of pulses, or legumes and blood pressure in adults or
children.

Research suggests that the prevalence of cardiovascular
events can be lowered by reducing the amount of saturated
fats in the diet and replacing these fats with unsaturated fats
[34]. Although pulse and legume-rich diets were associated
with lower saturated fat and free sugar consumption in both
children and adults, we did not observe a relationship with
CVD risk markers. Previous studies have reported associa-
tions between pulse consumption and improved CVD risk,
with lower total cholesterol, LDL cholesterol, TAG and body
weight and a higher HDL cholesterol [35]. Ramdath et al.
[36] reported that diets of individuals that consumed at least
150 g of pulses per week were associated with improved

0.8
0.6
0.4
0.2
0

1 2

3 4 5 6 7 8 9 10

3 4 5 6 7 8 9 10
Income Deciles

mPulses =Legumes

postprandial blood glucose response and lower fasting blood
cholesterol and consuming 1000 g or more pulses per week
was related to further improvements in glycated haemoglo-
bin, fasting blood glucose and insulin concentrations, which
suggests a dose-dependent relationship with cardiometabolic
disease risk markers.

An overall increasing trend in expenditure for both pulses
and legumes was found in UK households from 2001-02
to 2021-22 using data from Family Food module, which
followed a similar pattern to their mean consumption from
2008 to 2019 in the NDNS. The reasons for the higher
pulse and legume consumption in participants from year 9
(2016-2017) and 11 (2018-2019) when compared to some
earlier years are not clear. However, it is of note, that there
were specific global campaigns promoting pulse consump-
tion over this period, including 2016 declared as the Interna-
tional Year of Pulses, and February 10th as World Pulse Day
from 2018 by the United Nations which may have impacted
on dietary intakes [37]. In the Family Food Module the lin-
ear trend in pulse expenditure seen in this analysis could also
be due to the rising cost of beans, particularly brand names
that are popular in the UK [23]. Those in the highest income

@ Springer
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decile were shown to spend the smallest percentage of their
income on pulses and legumes probably reflecting the higher
weekly income. Pulses offer a cheaper source of dietary
protein than meat and cost is an important consideration in
food choice especially in disadvantaged communities facing
food insecurity and the rise in cost of living [38]. The sharp
increase in expenditure on pulses and legumes observed in
2020-21 could be due to the COVID-19 pandemic lock-
downs in the UK (first lockdown on 23rd March 2020) as
people bought more food to cook at home and stockpiling
dry foods, including tinned foods, became more common.

The strengths of these analysis were that the NDNS and
LCSF are representative population of children and adults
living within the UK. Furthermore, disaggregated composite
dishes into individual ingredients, including meats, fruits
and vegetables, provided a more detailed picture of an indi-
vidual’s dietary intake and allowed correct grouping of the
data into 14 food groups. Limitations of this analysis are
that NDNS is a cross-sectional study, hence it cannot prove
causation, but only associations. It should also be noted that
our analysis did not include sub-group analysis according to
dietary practices such as vegetarianism and veganism which
could have impacted on the strength of the relationship with
the study outcome measures. Furthermore, the EAT-Lancet
index is based on raw weights of certain foods while the
NDNS mainly reported foods as consumed, which required
conversion factors to estimate raw weights from cooked
weights. It was also unclear whether the pulses bought were
consumed and contributed to dietary intake from the LCSF.
Furthermore, the LCFS (household level) did not provide the
disaggregated values for fruits and vegetables.

In conclusion, our analysis indicates that diets rich in
pulses and legumes in children and adults residing in the
UK were associated with higher intakes of key nutrients
and a higher EAT-Lancet index. These findings support
the recommendation to include pulses as part of a health-
ful and sustainable diet. However, the consumption of leg-
umes, and particularly pulses, is low in all population groups
within the UK and strategies to increase their consumption
are required. In addition to increasing pulses and legumes
within individual dishes, inclusion of pulse flours within
staple foods, such as bread or pasta, is a feasible option
[39]. This approach has been reported to reduce glycaemic
response and improve satiety compared with conventional
foods [40] [41] and reduces the need for significant dietary
change. Evaluation of the efficacy of these strategies to
improve human and environmental health, and beneficial
dietary behaviour change is urgently needed.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00394-025-03611-2.
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