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Abstract: Legume intake has been associated with lower risk for a number of chronic disorders
of high financial burden, and is advocated by dietary guidelines as an important part of healthy
dietary patterns. Still, the intake of legumes generally falls short of the recommended levels in most
countries around the world despite their role as an alternative protein source. The aim of this study
was to assess the potential savings in costs of health care services that would follow the reduction
in incidences of coronary heart disease (CHD) when adult consumers achieve a targeted level of
50 g/day of legumes intake in Australia. A cost-of-illness analysis was developed using estimates of
current and targeted legumes intake in adults (age 25+ y), the estimated percent reduction in relative
risk (95% CI) of CHD following legumes intake, and recent data on health care costs related to CHD
in Australia. A sensitivity analysis of ‘very pessimistic’ through to ‘universal’ scenarios suggested
savings in CHD-related health care costs equal to AUD 4.3 (95% CI 1.2-7.4) to AUD 85.5 (95% CI
23.3-147.7) million annually. Findings of the study suggest an economic value of incorporating
attainable levels of legumes within the dietary behaviors of Australians. Greater prominence of
legumes in dietary guidelines could assist with achieving broader sustainability measures in relation
to diet, helping to bring together the environment and health as an important pillar in relation
to sustainability.
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1. Introduction

Legumes are increasingly the focus of discussions related to the future food supply
due to their sustainability credentials and unique nutritional profile. Research suggests
that although there is widespread promotion through food-based dietary guidelines, global
intake patterns vary greatly. Whereas the term ‘legumes’ is the most inclusive word for the
group of foods from the Fabacae (or Leguminosae) botanical family and is mentioned in
94 guidelines, fewer (n = 87) choose to depict legumes, beans, peas, or pulses only in the
accompanying visual guide (unpublished data). Dietary guidelines act as a guide aimed
at desirable intake for helping achieve and maintain health and although the extent to
which dietary guidelines represent the range of foods normally consumed could be argued,
however, the inclusion of the legume food group is well supported in the scientific literature.
Relevant health outcome studies have focused on glycaemic control, blood pressure, and
chronic disease [1-3], and although a unified daily target is lacking [4], studies support the
inclusion of legumes at a dose of at least 50 g/day [5]. Furthermore, the risk of all-cause
mortality has been shown to decrease by ~16% with increasing intake of legumes up to
150 g/day [6], with one 50 g serving possibly resulting in a 10% risk reduction in all-cause
mortality. Intake globally is less than half that target at 21 g/day [7]. The lowest intake was
recorded in Uzbekistan, with less than 1 g/day for adults over 25 years, and the highest in
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Rwanda at 115.8 g/day according to the 2019 Global Burden of Disease Study [8]. Greater
emphasis and perhaps repositioning of legumes in dietary guidelines may be required to
encourage intake for health, environmental and economic benefits [9,10].

The economic benefits of pulses intake have been examined in Canada, but rather than
50 g/day, 100 g was modeled to suggest possible annual savings equal to Can$38-370 million
in health care and related costs of type 2 diabetes- and cardiovascular disease combined [11].
Our previous nutrition economics research has assessed whole grains [12,13], but the
combination with legumes is an important consideration, providing a complement of amino
acids, which is important in plant-based and flexitarian dietary patterns. However, limiting
the potential of legumes as a replacement for meat is also debated. In an examination of
94 food based dietary guidelines (FBDG), yet to be published, we found the classification
of legumes highly variable, and while 38% of countries categorized legumes in the protein
rich food group, 20% were in a group on their own and 15% were in the starchy staples
group. Regardless of the categorization, the inclusion of legumes in FBDG is essential,
and the specific phrasing even more so. The addition of legumes to the vegetable and
the meat group is utilized in the Australian guidelines, however, the addition of ‘legumes
and/or beans’ at the conclusion of each guideline statement is thought to do little in terms
of inspiring intake [9].

As the body of evidence is relatively small for legumes, providing evidence of the
health care cost savings based on the regular inclusion in diets could help guide decisions
about the positioning and emphasis in dietary guidelines. Fifty grams per day, or 350 g over
a week may be reasonably added to diets, considering that an international collaboration
suggested a universal 100 g serve (or % cup) [4]. The aim of this study was to estimate the
annual health care cost savings related to the inclusion of 50 g/day of legumes relevant to
reductions in coronary heart disease (CHD) in adult Australians.

2. Materials and Methods
2.1. Study Design

A three-step cost-of-illness analysis was developed on the basis of (1) estimates of
current per capita [8] and a targeted level of legumes intake [6] among Australian adults
(age 25+ y), (2) estimates of percent reductions in relative risk (95% CI) of CHD following
legumes intake [14], and (3) recent data on annual costs related to CHD management within
the Australian health care system [15]. To assess the uncertainty factor, a sensitivity analysis
of four scenarios (very pessimistic, pessimistic, optimistic, and universal) was conducted,
as modelled previously [12,13]. Input parameters are summarized in Table 1.

Table 1. Summary of the cost-of-illness analysis input parameters and corresponding references.

Parameter Men and Women Reference
Current per capita legumes intake, g/day 19.3 Global Burden of Disease Study [8]
Target legumes intake, g/day 50 Schwingshackl et al. [6]
Gap amount, g/day 30.7
Proportions of prospective consumers ! 5%, 15%, 50%, 100% Estimates

CHD relative risk (95% CI) per 100 g/day legumes
intake, no. of studies
CHD% risk reduction (95% CI) per 30.7 g/day
legumes intake 2

0.89 (0.81-0.97), n = 10 Bechthold et al. [14]

—3.4% (0.9-5.8)

Abbreviations: CHD, coronary heart disease. ! Estimates of proportions of Australian adults (age 25+ y) who
would increase their current estimated per capita legumes intake (19.3 g/day) to the targeted level of 50 g/day
over the short term (very pessimistic), short-to-medium term (pessimistic), medium-to-long term (optimistic), and
long term (universal) scenarios. 2 Percent risk reduction (95% CI) per 30.7 g/day was calculated based on the
summary relative risk (95% CI) values per 100 g/day by Bechthold et al. [14] assuming a linear relationship.
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2.2. Step 1: Employing Estimates of Current per Capita and Targeted Level of Legumes Intake

Any public health model that attempts to assess a potential benefit of healthy dietary
patterns should consider the consumer’s perception and behavior in the marketplace and at
the dining table. Based on the 2019 Global Burden of Disease data [8], in the first step of this
analysis, the current estimated per capita legumes intake of 19.3 g/day for adults (age 25+ y)
was compared to a targeted level of 50 g/day [6] and a calculation was built on estimates
of proportions of Australian adults (age 25+ y) who are likely to increase their legumes
intake by the gap amount of 30.7 g daily. As previously [12,13], here, the sensitivity analysis
assumed very pessimistic, pessimistic, optimistic, and universal scenarios to represent 5%,
15%, 50%, and 100% (all) of prospective consumers who would reach the targeted daily
level of legumes intake in the short term, short-to-medium-term, medium-to-long-term,
and long-term, respectively.

2.3. Step 2: Establishing Percent Reductions in Relative Risk of Coronary Heart Disease with
Legumes Intake

Only a few meta-analyses of prospective cohort studies have recently assessed the
relationship between legumes intake and CHD as a hard endpoint. The majority of these
studies only report data on highest vs. lowest intakes [16-18], with no specific serving
sizes (i.e., g/day amounts) provided thereof, and some only examine specific types of
legumes (e.g., soy) or legumes intake within the context of certain dietary patterns such as
the Mediterranean diet [19]. It appears that at this stage the evidence on such a relationship,
and related health benefits thereof, is moderate overall. Upon a keyword search for
the relevant English-language literature on PubMed, in the second step of the analysis,
the dose-response figures by Bechthold et al. [14] of ~10% reduction in CHD risk with
1 serving intake were utilized. The systematic review and dose-response meta-analysis of
prospective studies included 123 reports (8 studies on non-linear dose-response association
between legumes intake and CHD risk) and suggested a summary relative risk (RR) per
1 serving (~100 g/day) equal to 0.89 (95% CI 0.81-0.97) [14]. Similar rates of risk reduction
were reported by other meta-analyses that only provided evidence on highest vs. lowest
intakes [6,20,21]. Building on this while assuming a linear relationship, a 3.4% (95% CI
0.9-5.8) reduction in CHD risk per 30.7 g/day of legumes intake was established and
utilized in the final step of the analysis.

2.4. Step 3: Calculalting Annual Savings in Direct Health Care Costs Related to Coronary Heart
Disease in Australia

The third and final step of the analysis calculated the annual savings in CHD-related
costs within the Australian health care system that would potentially follow the targeted
level of legumes intake (Step 1) and the estimated reduction in CHD risk (Step 2). As
previously described [12,13], the most recent estimates of direct health expenditure (the
year 2018-2019) reported by the Australian Institute of Health and Welfare (AIHW) [15]
were first inflated to the year 2022 equivalent levels, based on adjustment of rates according
to the Australian Bureau of Statistics (ABS) Consumer Price Index (Health group) [22]
(Table 2), and then utilized within arithmetic calculations where components of the cost
categories were examined individually for assessment of savings, with 1% reduction in
costs assumed to correspond to each 1% decrease in CHD risk. Additionally, as previously
outlined [12,13], using the net present value equation, a 7% real discount rate was applied
to the sum of savings in present day costs related to CHD management to assess the
discounted value of different scenarios of legumes intake over a 20-year time frame at
five-year increments after the year 2022 (year 0).
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Table 2. Summary of coronary heart disease direct health expenditures in Australia (AUD million),
age 25+ y population I.

Coronary Heart Disease

2018-19 20222
Direct health expenditure
Allied health and other services 1.8 1.9
General practitioner services 71.6 77.6
Medical imaging 23.3 25.3
Pathology 21.2 23.0
Pharmaceutical benefits scheme 155.1 168.2
Private hospital services 892.2 967.2
Public hospital admitted patient 823.0 892.2
Public hospital emergency department 103.8 1125
Public hospital outpatient 142.6 154.6
Specialist services 101.2 109.7
All areas 2335.8 2532.1

Abbreviations: AUD, Australian dollar. ! From the Australian Institute of Health and Welfare (ATHW) disease
expenditure database (2018-2019) [15]. 2 Current dollars based on adjustment of inflation rates according to the
Australian Bureau of Statistics (ABS) Consumer Price Index (Health group) [22].

3. Results

Savings that could be predicted in CHD-related health care costs when legumes intake
is increased from the current per capita level of 19.3 g/day to the 50 g/day target level across
proportions of the Australian adult population are summarized in Table 3. Under the very
pessimistic scenario, assuming a 5% uptake rate over the short term, our analysis predicted
total health care savings equal to AUD 4.3 (95% CI 1.2-7.4) million in CHD cost annually.
With a 15% uptake rate over the short-to-medium-term and a 50% uptake rate over the
medium-to-long-term, the pessimistic and optimistic scenarios suggested cost savings
equal to AUD 12.8 (95% CI 3.5-22.2) million and AUD 42.8 (95% CI 11.7-73.8) million,
respectively. And, under the universal scenario, assuming a 100% uptake rate and long-
term estimate of potential savings with the targeted increase in legumes intake, some total
annual health care savings of AUD 85.5 (95% CI 23.3-147.7) million may be realized in
avoided CHD costs.

Table 3. Potential annual savings in direct health expenditures of coronary heart disease in Australian
adults (age 25+ y) with 50 g/day legumes intake (AUD million) 1.

Scenario

Very Pessimistic Pessimistic Optimistic Universal

Direct health expenditure savings

Allied health and other services
General practitioner services

<0.1 (<0.1-<0.1) <0.1 (<0.1-<0.1) <0.1 (<0.1-0.1) 0.1 (<0.1-0.1)
0.1 (<0.1-0.2) 0.4 (0.1-0.7) 1.3 (0.4-2.3) 2.6 (0.7-4.5)

Medical imaging <0.1 (<0.1-0.1) 0.1 (<0.1-0.2) 0.4 (0.1-0.7) 0.9 (0.2-1.5)
Pathology <0.1 (<0.1-0.1) 0.1 (<0.1-0.2) 0.4 (0.1-0.7) 0.8 (0.2-1.3)
Pharmaceutical benefits scheme 0.3 (0.1-0.5) 0.9 (0.2-1.5) 2.8 (0.8-4.9) 5.7 (1.5-9.8)

Private hospital services 1.6 (0.4-2.8) 4.9 (1.3-8.5) 16.3 (4.5-28.2) 32.7 (8.9-56.4)

Public hospital admitted patient 1.5 (0.4-2.6) 4.5 (1.2-7.8) 15.1 (4.1-26.0) 30.1 (8.2-52.0)
Public hospital emergency department 0.2 (0.1-0.3) 0.6 (0.2-1.0) 1.9 (0.5-3.3) 3.8 (1.0-6.6)
Public hospital outpatient 0.3 (0.1-0.5) 0.8 (0.2-1.4) 2.6 (0.7-4.5) 5.2 (1.4-9.0)
Specialist services 0.2 (0.1-0.3) 0.6 (0.2-1.0) 1.9 (0.5-3.2) 3.7 (1.0-6.4)

All areas 4.3 (1.2-7.4) 12.8 (3.5-22.2) 42.8 (11.7-73.8) 85.5 (23.3-147.7)

Abbreviations: AUD, Australian dollar. ! Data (95% CI) are potential monetary savings following coronary heart
disease risk reduction with 50 g/day intake of legumes (Table 1). The very pessimistic, pessimistic, optimistic,
and universal scenarios are modeled to represent short term, short-to-medium-term, medium-to-long-term, and
long-term of estimates of potential savings in CHD-related health care costs that could follow when, respectively,
5%, 15%, 50%, and 100% of Australian adults (age 25+ y) consume the targeted daily level of legumes.
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As shown in Table 4, with a 7% discount rate, as per the Australian Governments
recommendations [23], the sensitivity analysis of ‘very pessimistic’ through to “universal’
scenarios suggested total discounted savings in CHD-related health care costs of AUD
48.5 (95% CI 13.2-83.7) million to AUD 969.3 (95% CI 264.4-1674.3) million following the
50 g/day intake of legumes over a 20 year period (from 2022 through to 2041). Additionally,
assuming adoption of each of the four scenarios every five years, i.e., the very pessimistic
during years 0—4, pessimistic during years 5-9, optimistic during years 10-14, and universal
scenario during years 15-19, the sum of total incremental discounted savings was estimated
at AUD 290.2 (95% CI79.1-501.3) million over the 20-year time frame.

Table 4. Sum of potential total discounted savings on direct health care expenditures of coronary
heart disease in Australian adults (age 25+ y) with 50 g/day legumes intake over short- and long-term
periods (AUD million) 1.

Scenario

Very Pessimistic

Pessimistic

Optimistic

Universal

Years 0 to 4 18.8 (5.1-32.4) 56.3 (15.3-97.2) 187.6 (51.2-324.0) 375.2 (102.3-648.0)
Years 5 to 9 13.4 (3.6-23.1) 40.1 (10.9-69.3) 133.7 (36.5-231.0) 267.5 (72.9-462.0)
Years 10 to 14 9.5 (2.6-16.5) 28.6 (7.8-49.4) 95.4 (26.0-164.7) 190.7 (52.0-329.4)
Years 15 to 19 6.8 (1.9-11.7) 20.4 (5.6-35.2) 68.0 (18.5-117.4) 136.0 (37.1-234.9)
. . 1454 484.7 969.3
Total discounted savings 48.5 (13.2-83.7) (39.7-251.1) (132.2-837.1) (264.4-1674.3)

Abbreviations: AUD, Australian dollar. ! Data (95% CI) are potential total discounted monetary savings following
coronary heart disease risk reduction with 50 g/day intake of legumes. The very pessimistic, pessimistic,
optimistic, and universal scenarios are modeled to represent short term, short-to-medium-term, medium-to-
long-term, and long-term of estimates of potential savings in CHD-related health care costs that could follow
when, respectively, 5%, 15%, 50%, and 100% of Australian adults (age 25+ y) consume the targeted daily level
of legumes.

4. Discussion

This cost-of-illness analysis supports a greater focus on legumes as a regular inclusion
in the dietary pattern and demonstrates a predicted substantial savings for the Australian
health care system in relation to costs for CHD from AUD 4.3 (95% CI 1.2-7.4) to AUD
85.5 (95% CI 23.3-147.7) million per year. Naturally, these figures are lower than the
approximately $370 million in the Canadian study from 2017, which was based on an
analysis of both type 2 diabetes and cardiovascular disease, at a level where 50% of the
Canadian population would consume 100 g of legumes per day, in combination with a
low glycaemic index or high fiber diet [11]. In consideration of the current Australian
dietary pattern, and known lower current levels of consumption compared with Canada,
the present economic analysis was based on the dose response data of 50 g (1/4 cup) of
legumes per day by Schwingshackl et al. 2017 [6] who utilized the smallest serving with
significant results for risk-decreasing foods in a systematic review and meta-analysis of
prospective studies. The authors found that there was an absence of a linear association
between legumes and all-cause mortality risk, with the nonlinear analysis showing ~16%
reduced risk of all-cause mortality when consuming up to 150 g/day. However, this
amount was considered unrealistic as a daily target for Australia, where the latest estimates
from 2019 suggest 19.3 g/day [8]. Although 100 g/day was considered an unrealistically
high daily target in light of current consumption and typical dietary patterns, we did
calculate the potential yield savings in annual health care costs based on a target of 100 g
of legumes per day, and thus a gap of 80.7 g/day compared to consumption estimates, as
AUD 11.2 (95% CI 3.1-19.4) to AUD 224.8 (95% CI 61.3-388.3) million. This was more than
double the savings predicted from reaching 50 g per day over time (Appendix A).

International serve size guidance has suggested 100 g or half a cup of cooked legumes [4],
rather than 75 g (as a serving of vegetables) or 150 g (as a serving of lean meat) in the
Australian Guide to Healthy Eating. However, this amount may still not be relevant as
a daily target for Australians, although the amount (1/2 cup) could easily be consumed



Nutrients 2022, 14, 2912

6 of 10

at a meal. The more reasonable target of 50 g/day (1/4 cup) indicates that our results
may have further attributable savings, as consumers would not need to consume the food
daily, yet could easily consume 350 g over one week. Increased consumption of legumes
was supported through the dietary modeling performed for the purpose of informing the
2013 Australian Dietary Guidelines (ADGs), which recommends a 470% increase to meet
the levels proposed [24].

Although determining the frequency of intake for legumes over a week presents more
of a challenge than serving size, this analysis supports an achievable food volume for
daily or weekly consumption. The main concern is setting a target being that amounts
need to feasibly align with the cultural acceptability of a food, routine dietary patterns,
and the infrastructure of the food systems [4,25]. Australian research points to consumers
being receptive to increasing their intake, and “consumer attitudes towards legumes were
positive, particularly in relation to their perceived health attributes” [10]. Others have
found that knowledge of health benefits assisted consumers with planned dietary changes
particularly “after reading the informational messages, 25-42% of all the participants said
they planned to eat more legumes in the future” [26]. Favorable research has also been
documented by R60s et al. (2022) [27] where “legumes were generally considered healthy
and suitable in diets and many respondents stated an intention to increase consumption”
and although they do not use them regularly, many consumers in New Zealand were also
open to considering legumes as meat substitutes [28].

Legume consumption in the ADGs is promoted via the statements “consume plenty
of vegetables, including different types and color, and legumes/beans” and “consume lean
meat and poultry, fish, eggs, tofu, nuts and seeds, and legumes/beans” [29]. The inclusion
of legumes as part of both the vegetable and meat alternatives groups aims to encourage
visibility and consumption, however, there are equally valid concerns that legumes, in being
included in both groups, do not give them the prominence they deserve. There have been
suggestions that individualizing advice for the vegetable group, in particular for legumes,
may improve consumer understanding and consumption [4,30,31]. A recent publication
examined consumer preferences regarding the categorization and wording of both whole
grain and legume statements in dietary guidelines (n = 314) [9]. When asked what would
be helpful in achieving an increase in legume intake, the majority of participants preferred
legumes to feature in their own food group (45%), and fewer suggested as part of the
protein group (22%). When asked about wording, there was a significant preference for the
statement “each day, consume at least one serve of legumes either as a serve of vegetables or
as an alternative to meat” (p < 0.05). This statement provides both a specific frequency and
quantification for legume consumption. Throughout the study, participants emphasized
a preference for quantifiable recommendations expressed in cup measures, stating that
“grams were less relevant and poorly visualized” [9].

In the planned revision of current ADGs, there has been a call to reflect environmental
sustainability objectives as an opportunity to bring together environmental and population
health goals [32,33]. A global shift towards plant-based foods, in their most natural form,
would be considered beneficial for the health of humans and the planet as a dietary
strategy [33,34]. Reflective of this, Canada’s dietary guidelines have recently shifted
towards more of a plant-based diet, emphasizing and clearly depicting vegetables and
fruits, whole grain food choices, and protein foods, including legumes together with meat,
eggs, lower fat dairy, nuts, and seeds [35].

The changing food supply, increasing the number and type of plant-protein products,
and legumes in other forms such as flour, pasta, snack food, bread products, convenient
lunch portions, alternative packaging to traditional canned, and dried forms [36] may do
more to stimulate intake than government guidelines per se. When used as an ingredient
though, legumes within the dietary pattern become far more difficult to identify and
distinguish in intake studies, even though complex methods of data collection are used
at the national level. Plant-based meats are another obvious opportunity for legumes,
however, the value of extracted protein from legumes, would need to be evaluated in
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comparison to the research supporting whole legume intake, as the nutrient profiles in
these more processed foods are significantly altered. Research to date has found that of
137 plant-based meat alternatives available on Australian supermarket shelves only 4%
were low in sodium (58-1200 mg/100 g), and less than a quarter of products (24%) were
fortified with vitamin Bqy, 20% with iron, and 18% with zinc [37].

The analysis presented is based on a data-driven approach utilized previously [11-13],
where nationally representative data was utilized, increasing the validity of the results.
However, we were aware that the cost data was from 2018-2019, so this was inflated to
accommodate the age of the data. We also utilized a discounted method [38] to accommo-
date time, as reported by the Australian Government. A meta-analysis of prospective data
pertaining to CHD was used in preference to a similar study of randomized controlled trials
in order to obtain overall disease outcomes. The risk reduction ranged from our chosen
reference utilized (RR: 0.81-0.97), which approximates the RR from a meta-analysis of
RCTs based on the Mediterranean diet and Cardiovascular Disease (CVD), where legumes
were one of four dietary components with the most positive effects along with olive oil,
vegetables and fruit (RR: 0.91; 95% CI: 0.83, 0.98; I? =33%) [19]. Itis important to note that
our analysis assumed a linear relationship that has not been shown to occur in nature [6].
Although changes in diet would not be immediate in terms of disease reduction, periods
of one to three years lag time could be expected before individual or population benefits
would be realized [39]. Adjustment for this time lag was not considered in our model,
however, policy makers should not be dissuaded and view dietary change positively in
light of the potential cost savings that could be realized through such very small changes.
Finally, our sensitivity analysis was based on population-based adoption over time and
utilized the reported risk reduction range from Bechtold et al. [14], however, effect sizes
from observational studies have been shown to be more generous than randomized con-
trolled trials [40], although these tend to report biomarkers rather than disease outcomes.
This should be kept in mind when interpreting the analysis presented.

5. Conclusions

Nutrition economic analyses provide key support to directing efforts of population-
based initiatives in relation to nutrition, dietary patterns, and health outcomes. The analyses
combine metrics relevant to the specific population, incorporating known measures of
consumption, and known health care costs, together with published risk reduction evidence,
providing logical support and guidance for policy. This analysis is limited to capturing the
impact of just one food type on one disease with substantial predicted savings annually
and supports earlier work by our group on other key food groups. The potential economic
benefits of incorporating legumes within the dietary patterns of Australians should provide
greater impetus to promote this food group, consumed as part of a diet low in saturated fat
and high in dietary fiber, in a more overt manner as part of revised dietary guidelines. But
for Australians, this food could also assist with achieving broader sustainability measures
in relation to diet, helping to bring together the environment and health as an important
pillar in relation to sustainability. Although the plant-based protein movement seeks to
view legumes in terms of nutrient components, protein, and perhaps dietary fiber, it is our
assertion that food synergy, and the complex relationships within the food matrix, mean
that the legume would be ideally consumed whole. Whole legume products are already
plentiful within the Australian food supply in dried, frozen, canned, oven roasted, and as
the main ingredient in dips.
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Appendix A

Table Al. Potential annual savings in direct health expenditures of coronary heart disease in Aus-
tralian adults (age 25+ y) with 100 g/day legumes intake (AUD million) !.

Scenario
Very Pessimistic Pessimistic Optimistic Universal
Direct health expenditure savings
Allied health and other services <0.1 (<0.1-<0.1) <0.1 (<0.1-<0.1) 0.1 (<0.1-0.1) 0.2 (<0.1-0.3)
General practitioner services 0.3 (0.1-0.6) 1.0 (0.3-1.8) 3.4 (0.9-5.9) 6.9 (1.9-11.9)
Medical imaging 0.1 (<0.1-0.2) 0.3 (0.1-0.6) 1.1 (0.3-1.9) 2.2 (0.6-3.9)
Pathology 0.1 (<0.1-0.2) 0.3 (0.1-0.5) 1.0 (0.3-1.8) 2.0 (0.6-3.5)
Pharmaceutical benefits scheme 0.7 (0.2-1.3) 2.2(0.6-3.9) 7.5 (2.0-12.9) 14.9 (4.1-25.8)
Private hospital services 43 (1.2-7.4) 129 (3.5-22.2) 429 (11.7-74.1) 85.9 (23.4-148.3)
Public hospital admitted patient 4.0 (1.1-6.8) 11.9 (3.2-20.5) 39.6 (10.8-68.4) 79.2 (21.6-136.8)
Public hospital emergency department 0.5 (0.1-0.9) 1.5 (0.4-2.6) 5.0 (1.4-8.6) 10.0 (2.7-17.3)
Public hospital outpatient 0.7 (0.2-1.2) 2.1 (0.6-3.6) 6.9 (1.9-11.8) 13.7 (3.7-23.7)
Specialist services 0.5 (0.1-0.8) 1.5 (0.4-2.5) 49 (1.3-8.4) 9.7 (2.7-16.8)

All areas

11.2 (3.1-19.4) 33.7 (9.2-58.2) 112.4 (30.7-194.1) 224.8 (61.3-388.3)

Abbreviations: AUD, Australian dollar. ! Data (95% CI) are potential monetary savings following coronary
heart disease risk reduction with 100 g/day intake of legumes. The very pessimistic, pessimistic, optimistic,
and universal scenarios are modeled to represent short term, short-to-medium-term, medium-to-long-term, and
long-term of estimates of potential savings in CHD-related health care costs that could follow when, respectively,
5%, 15%, 50%, and 100% of Australian adults (age 25+ y) consume the targeted daily level of legumes.

Table A2. Sum of potential total discounted savings in direct health care expenditures of coronary
heart disease in Australian adults (age 25+ y) with 100 g/day legumes intake over short- and
long-term periods (AUD million) 1

Scenario

Very Pessimistic

Pessimistic

Optimistic

Universal

Years 0 to 4

49.3 (13.4-85.2)

147.9 (40.3-255.5)

493.1 (134.5-851.7)

986.2 (269.0-1703.4)

Years 5 to 9

35.2 (9.6-60.7)

105.5 (28.8-182.2)

351.6 (95.9-607.2)

703.1 (191.8-1214.5)

Years 10 to 14

25.1 (6.8-43.3)

75.2 (20.5-129.9)

250.7 (68.4-432.9)

501.3 (136.7-865.9)

Years 15 to 19

17.9 (4.9-30.9)

53.6 (14.6-92.6)

178.7 (48.7-308.7)

357.4 (97.5-617.4)

Total discounted savings 127.4 382.2 1274.0 2548.0
& (34.7-220.1) (104.2-660.2) (347.5-2200.5) (694.9-4401.1)
762.9

Total incremental discounted savings with adoption of each scenario every 5 years (years 2022-2041)

(208.1-1317.7)

References
1.
2.
[CrossRef] [PubMed]
3.

Abbreviations: AUD, Australian dollar. ! Data (95% CI) are potential total discounted monetary savings following
coronary heart disease risk reduction with 100 g/day intake of legumes. The very pessimistic, pessimistic,
optimistic, and universal scenarios are modeled to represent short term, short-to-medium-term, medium-to-
long-term, and long-term of estimates of potential savings in CHD-related health care costs that could follow
when, respectively, 5%, 15%, 50%, and 100% of Australian adults (age 25+ y) consume the targeted daily level
of legumes.

Schwingshackl, L.; Hoffmann, G.; Igbal, K.; Schwedhelm, C.; Oeing, H. Food groups and intermediate disease markers: A
systematic review and network meta-analysis of randomized trials. Am. J. Clin. Nutr. 2018, 108, 576-586. [CrossRef] [PubMed]

Bielefeld, D.; Grafenauer, S.; Rangan, A. The Effects of Legume Consumption on Markers of Glycaemic Control in Individuals
with and without Diabetes Mellitus: A Systematic Literature Review of Randomised Controlled Trials. Nutrients 2020, 12, 2123.

Jayalath, V.H.; de Souza, R.].; Sievenpiper, J.L.; Ha, V.; Chiavaroli, L.; Mirrahimi, A.; Di Buono, M.; Bernstein, A.M.; Leiter, L.A.;
Kris-Etherton, PM.; et al. Effect of Dietary Pulses on Blood Pressure: A Systematic Review and Meta-analysis of Controlled
Feeding Trials. Am. J. Hypertens. 2014, 27, 56—64. [CrossRef] [PubMed]


http://doi.org/10.1093/ajcn/nqy151
http://www.ncbi.nlm.nih.gov/pubmed/30535089
http://doi.org/10.3390/nu12072123
http://www.ncbi.nlm.nih.gov/pubmed/32708949
http://doi.org/10.1093/ajh/hpt155
http://www.ncbi.nlm.nih.gov/pubmed/24014659

Nutrients 2022, 14,2912 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Marinangeli, C.P.F; Curran, J.; Barr, S.I; Slavin, J.; Puri, S.; Swaminathan, S.; Tapsell, L.; Patterson, C.A. Enhancing nutrition with
pulses: Defining a recommended serving size for adults. Nutr. Rev. 2017, 75, 17. [CrossRef]

Willett, W.; Rockstrém, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; DeClerck, F.; Wood, A.;
et al. Food in the Anthropocene: The EAT-Lancet Commission on healthy diets from sustainable food systems. Lancet 2019,
393, 447-492. [CrossRef]

Schwingshackl, L.; Schwedhelm, C.; Hoffmann, G.; Lampousi, A.-M.; Kntippel, S.; Igbal, K.; Bechthold, A.; Schlesinger, S.; Boeing,
H. Food groups and risk of all-cause mortality: A systematic review and meta-analysis of prospective studies. Am. ]. Clin. Nutr.
2017, 105, 1462-1473. [CrossRef]

Rawal, V.; Navarro, D.K. The Global Economy of Pulses; FAO: Rome, Italy, 2019.

Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2019 (GBD 2019) Dietary Risk Exposure Estimates
1990-2019; Global Burden of Disease Collaborative Network: Seattle, DC, USA, 2021. [CrossRef]

Reyneke, G.; Hughes, ].; Grafenauer, S. Consumer Understanding of the Australian Dietary Guidelines: Recommendations for
Legumes and Whole Grains. Nutrients 2022, 14, 1753. [CrossRef]

Figueira, N.; Curtain, F,; Beck, E.; Grafenauer, S. Consumer Understanding and Culinary Use of Legumes in Australia. Nutrients
2019, 11, 1575. [CrossRef]

Abdullah, M.; Marinangeli, C.P.E; Jones, P.J.H.; Carlberg, ].G. Canadian Potential Healthcare and Societal Cost Savings from
Consumption of Pulses: A Cost-Of-Illness Analysis. Nutrients 2017, 9, 793. [CrossRef]

Abdullah, M.M.H.; Hughes, J.; Grafenauer, S. Healthcare Cost Savings Associated with Increased Whole Grain Consumption
among Australian Adults. Nutrients 2021, 13, 1855. [CrossRef]

Abdullah, M.M.H.; Hughes, J.; Grafenauer, S. Whole Grain Intakes Are Associated with Healthcare Cost Savings Following
Reductions in Risk of Colorectal Cancer and Total Cancer Mortality in Australia: A Cost-of-Illness Model. Nutrients 2021, 13, 2982.
[CrossRef] [PubMed]

Bechthold, A.; Boeing, H.; Schwedhelm, C.; Hoffmann, G.; Kntippel, S.; Igbal, K.; De Henauw, S.; Michels, N.; Devleesschauwer,
B.; Schlesinger, S.; et al. Food groups and risk of coronary heart disease, stroke and heart failure: A systematic review and
dose-response meta-analysis of prospective studies. Crit. Rev. Food Sci. Nutr. 2019, 59, 1071-1090. [CrossRef] [PubMed]
Australian Institute of Health Welfare. Disease Expenditure in Australia 2018-19. Available online: https://www.aihw.gov.au/
reports/health-welfare-expenditure /disease-expenditure-australia/data-1 (accessed on 7 June 2022).

Viguiliouk, E.; Glenn, A.J.; Nishi, S.K.; Chiavaroli, L.; Seider, M.; Khan, T.; Bonaccio, M.; Iacoviello, L.; Mejia, S.B.; Jenkins, D.J.A,;
et al. Associations between Dietary Pulses Alone or with Other Legumes and Cardiometabolic Disease Outcomes: An Umbrella
Review and Updated Systematic Review and Meta-analysis of Prospective Cohort Studies. Adv. Nutr. 2019, 10, S308-S319.
[CrossRef] [PubMed]

Viguiliouk, E.; Blanco Mejia, S.; Kendall, C.W.C.; Sievenpiper, J.L. Can pulses play a role in improving cardiometabolic health?
Evidence from systematic reviews and meta-analyses. Ann. New York Acad. Sci. 2017, 1392, 43-57. [CrossRef] [PubMed]
Becerra-Tomas, N.; Papandreou, C.; Salas-Salvado, J. Legume Consumption and Cardiometabolic Health. Adv. Nutr. 2019,
10, S437-5450. [CrossRef]

Grosso, G.; Marventano, S.; Yang, J.; Micek, A.; Pajak, A.; Scalfi, L.; Galvano, F,; Kales, S.N. A comprehensive meta-analysis on
evidence of Mediterranean diet and cardiovascular disease: Are individual components equal? Crit. Rev. Food Sci. Nutr. 2017,
57,3218-3232. [CrossRef]

Afshin, A.; Micha, R.; Khatibzadeh, S.; Mozaffarian, D. Consumption of nuts and legumes and risk of incident ischemic heart
disease, stroke, and diabetes: A systematic review and meta-analysis. Am. . Clin. Nutr. 2014, 100, 278-288. [CrossRef]
Marventano, S.; Izquierdo Pulido, M.; Sanchez-Gonzalez, C.; Godos, ].; Speciani, A.; Galvano, F.; Grosso, G. Legume consumption
and CVD risk: A systematic review and meta-analysis. Public Health Nutr. 2017, 20, 245-254. [CrossRef]

Australian Bureau of Statistics. Consumer Price Index, Australia. Available online: https:/ /www.abs.gov.au/statistics /economy/
price-indexes-and-inflation/consumer-price-index-australia/latest-release (accessed on 7 June 2022).

Australian Government 2007. Best Practice Regulation Handbook. Available online: http:/ /regulationbodyofknowledge.org/
wp-content/uploads/2013/03/ AustralianGovernment_Best_Practice_Regulation.pdf (accessed on 7 June 2022).

National Health and Medical Research Council. A Modelling System to Inform the Revision of the Australian Guide to Healthy Eating;
Department of Health and Ageing: Canberra, Australia, 2011.

Herforth, A.; Arimond, M.; Alvarez-Sanchez, C.; Coates, J.; Christianson, K.; Muehlhoff, E. A Global Review of Food-Based
Dietary Guidelines. Adv. Nutr. 2019, 10, 590-605. [CrossRef]

Marette, S.; Roosen, J. Just a little bit more legumes! Results of an online survey in Europe. Int. Food Agribus. Manag. Rev. 2022,
25,329-345. [CrossRef]

Ro6s, E.; de Groote, A.; Stephan, A. Meat tastes good, legumes are healthy and meat substitutes are still strange-The practice of
protein consumption among Swedish consumers. Appetite 2022, 174, 106002. [CrossRef] [PubMed]

Lemken, D.; Spiller, A.; Schulze-Ehlers, B. More room for legume—Consumer acceptance of meat substitution with classic,
processed and meat-resembling legume products. Appetite 2019, 143, 104412. [CrossRef] [PubMed]

National Health and Medical Research Council. Australian Dietary Guidelines. Available online: https://www.nhmrc.gov.au/
adg (accessed on 24 May 2022).


http://doi.org/10.1093/nutrit/nux058
http://doi.org/10.1016/S0140-6736(18)31788-4
http://doi.org/10.3945/ajcn.117.153148
http://doi.org/10.6069/CK3C-DY06
http://doi.org/10.3390/nu14091753
http://doi.org/10.3390/nu11071575
http://doi.org/10.3390/nu9070793
http://doi.org/10.3390/nu13061855
http://doi.org/10.3390/nu13092982
http://www.ncbi.nlm.nih.gov/pubmed/34578860
http://doi.org/10.1080/10408398.2017.1392288
http://www.ncbi.nlm.nih.gov/pubmed/29039970
https://www.aihw.gov.au/reports/health-welfare-expenditure/disease-expenditure-australia/data-1
https://www.aihw.gov.au/reports/health-welfare-expenditure/disease-expenditure-australia/data-1
http://doi.org/10.1093/advances/nmz113
http://www.ncbi.nlm.nih.gov/pubmed/31728500
http://doi.org/10.1111/nyas.13312
http://www.ncbi.nlm.nih.gov/pubmed/28253436
http://doi.org/10.1093/advances/nmz003
http://doi.org/10.1080/10408398.2015.1107021
http://doi.org/10.3945/ajcn.113.076901
http://doi.org/10.1017/S1368980016002299
https://www.abs.gov.au/statistics/economy/price-indexes-and-inflation/consumer-price-index-australia/latest-release
https://www.abs.gov.au/statistics/economy/price-indexes-and-inflation/consumer-price-index-australia/latest-release
http://regulationbodyofknowledge.org/wp-content/uploads/2013/03/AustralianGovernment_Best_Practice_Regulation.pdf
http://regulationbodyofknowledge.org/wp-content/uploads/2013/03/AustralianGovernment_Best_Practice_Regulation.pdf
http://doi.org/10.1093/advances/nmy130
http://doi.org/10.22434/IFAMR2021.0071
http://doi.org/10.1016/j.appet.2022.106002
http://www.ncbi.nlm.nih.gov/pubmed/35341881
http://doi.org/10.1016/j.appet.2019.104412
http://www.ncbi.nlm.nih.gov/pubmed/31445994
https://www.nhmrc.gov.au/adg
https://www.nhmrc.gov.au/adg

Nutrients 2022, 14,2912 10 of 10

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

Venter, C.S.; Vorster, H.H.; Ochse, R.; Swart, R. “Eat dry beans, split peas, lentils and soya regularly”: A food-based dietary
guideline. South Afr. ]. Clin. Nutr. 2013, 26, S36-545.

Havemeier, S.; Erickson, J.; Slavin, J. Dietary guidance for pulses: The challenge and opportunity to be part of both the vegetable
and protein food groups. Ann. NY Acad. Sci. 2017, 1392, 58-66. [CrossRef]

Williams, P. Broadening influence on the food supply and environmental sustainability. Nutr. Diet. ]. Dietit. Assoc. Aust. 2019,
76,247-249. [CrossRef]

Foley, J. Diets for a Better Future-Scientific Report-EAT Knowledge. Available online: https://eatforum.org/knowledge/diets-
for-a-better-future/ (accessed on 7 June 2022).

Fanzo, ]. Healthy and Sustainable Diets and Food Systems: The Key to Achieving Sustainable Development Goal 2? Food Ethics.
2019, 4, 159-174. [CrossRef]

Health Canada. Canada’s Dietary Guidelines. Available online: https://food-guide.canada.ca/en/ (accessed on 20 June 2022).
Bielefeld, D.; Hughes, J.; Grafenauer, S. The Changing Landscape of Legume Products Available in Australian Supermarkets.
Nutrients 2021, 13, 3226. [CrossRef]

Curtain, F; Grafenauer, S. Plant-Based Meat Substitutes in the Flexitarian Age: An Audit of Products on Supermarket Shelves.
Nutrients 2019, 11, 2603. [CrossRef]

O’Mahony, ].E; Newall, A.T.; van Rosmalen, J. Dealing with Time in Health Economic Evaluation: Methodological Issues and
Recommendations for Practice. Pharm. Econ. 2015, 33, 1255-1268. [CrossRef]

Mozaffarian, D.; Micha, R.; Wallace, S. Effects on coronary heart disease of increasing polyunsaturated fat in place of saturated fat:
A systematic review and meta-analysis of randomized controlled trials. PLoS Med. 2010, 7, e1000252. [CrossRef]

Tzoulaki, I; Siontis, K.C.; Ioannidis, J.P. Prognostic effect size of cardiovascular biomarkers in datasets from observational studies
versus randomised trials: Meta-epidemiology study. Bmj 2011, 343, d6829. [CrossRef] [PubMed]


http://doi.org/10.1111/nyas.13308
http://doi.org/10.1111/1747-0080.12554
https://eatforum.org/knowledge/diets-for-a-better-future/
https://eatforum.org/knowledge/diets-for-a-better-future/
http://doi.org/10.1007/s41055-019-00052-6
https://food-guide.canada.ca/en/
http://doi.org/10.3390/nu13093226
http://doi.org/10.3390/nu11112603
http://doi.org/10.1007/s40273-015-0309-4
http://doi.org/10.1371/journal.pmed.1000252
http://doi.org/10.1136/bmj.d6829
http://www.ncbi.nlm.nih.gov/pubmed/22065657

	Introduction 
	Materials and Methods 
	Study Design 
	Step 1: Employing Estimates of Current per Capita and Targeted Level of Legumes Intake 
	Step 2: Establishing Percent Reductions in Relative Risk of Coronary Heart Disease with Legumes Intake 
	Step 3: Calculalting Annual Savings in Direct Health Care Costs Related to Coronary Heart Disease in Australia 

	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

