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Abstract

Background: By design, existing scenario-based nutrition economics studies on the financial benefits of healthy 
dietary behaviors generally report uncertainty in inputs and wide ranges of outcome estimates.
Objectives: This modeling exercise aimed to establish precision in prediction of the potential healthcare cost 
savings that would follow a reduction in the incidence of cardiovascular disease (CVD) consistent with an 
increase in adherence to a Mediterranean-style diet (MedDiet).
Design: Using a Monte Carlo simulation model on a cost-of-illness analysis assessing MedDiet adherence, 
CVD incidence reduction, and healthcare cost savings in the United States and Canada, short- and long-term 
cost savings that are likely to accrue to the American and Canadian healthcare systems were estimated using 
20 and 80% increases in MedDiet adherence scenarios.
Results: Increasing percentage of population adhering to a MedDiet by 20% beyond the current adher-
ence level produced annual savings in CVD-related costs of US$8.2 billion (95% confidence interval [CI], 
$7.5–$8.8   billion) in the United States and Can$0.32 billion (95% CI, $0.29–$0.34 billion) in Canada. An 
80% increase in adherence resulted in savings equal to US$31 billion (95% CI, $28.6–$33.3 billion) and 
Can$1.2  billion (95% CI, $1.11–$1.30 billion) in each respective country.
Conclusion: Computational techniques with stochastic parameter inputs, such as the Monte Carlo simulation, 
could be an effective way of incorporating variability of modeling parameters in nutrition economics studies 
for improved precision in estimating the monetary value of healthy eating habits.
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The skyrocketing health and economic burden of 
diet-related noncommunicable disorders, includ-
ing obesity, type 2 diabetes, cardiovascular disease 

(CVD), and cancers, are highly recognized worldwide. 

For instance, management of CVD, the most prevalent and 
costly cause of mortality worldwide, accounting for over 
30% of all deaths, was estimated to cost US$863 billion 
globally in 2010 and is projected to exceed a US$1 trillion 

Popular scientific summary
• Dramatic rates of major public health concerns, such as heart disease and cancer place great 

 pressure on national economies worldwide.
• The Mediterranean diet is a classic example of healthy dietary habits and has consistently shown 

favorable impacts on the heart health.
• This economic model suggests a significant reduction in healthcare costs associated with the 

 management of heart disease by following the dietary principles of the Mediterranean diet.
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by 2030 (1). Similarly, the economic burden of CVD is large 
in the United States, with an annual cost of over $300 bil-
lion based on 2013–2014 estimates (2) and in  Canada, with 
an estimated cost of over Can$12 billion every year based 
on 2008 monetary figures (3). In Europe, the healthcare 
cost of CVD has been estimated at €210 billion per year (4).

Dietary behaviors consistent with the principles of 
healthy eating have the potential to improve the health and 
well-being of both individuals and societies in general, 
along with producing meaningful economic  benefits  (5). 
Nutrition economics studies have, especially over the past 
decade, successfully offered an important understanding 
of monetizing the value of healthcare responses to nu-
merous healthy dietary habits (6–14). In this regard, using 
a scenario-based analysis, we have previously estimated 
annual healthcare and related cost savings that would 
range from US$1.0 to $62.8 billion in the United States 
and Can$41.9 million to $2.5 billion in Canada from the 
reduction in CVD incidence following the adoption of 
the Mediterranean-style diet (MedDiet) (10), a widely 
recommended dietary approach for prevention of chronic 
disease (15, 16). The MedDiet is classically high in fresh 
fruits, vegetables, whole grains, legumes, fish, and olive 
oil; moderate in dairy products; moderate to low in wine 
(mainly with meals); and low in red meat (17, 18).

It is generally accepted that most existing scenar-
io-based nutrition economics studies report an inherent 
uncertainty in inputs and, consequently, wide ranges of 
resulting estimates, with no prediction as to where in 
the spectrum an actual outcome would be most likely to 
occur. Such inputs have traditionally been varied using 
sensitivity analyses, such as pessimistic through optimis-
tic assumptions for key parameters. Applying a sensitivity 
analysis using the extremes of observed values does not 
fully assimilate the distributional information available 
for these parameters in the literature. The objective of 
the present modeling exercise was thus to establish pre-
cision in prediction of the potential short- and long-term 
savings in costs of healthcare and productivity loss that 
would arise from reduced incidence of CVD consequent 
to increased adherence to MedDiet as a classical example 
of healthy eating patterns.

Methods

Overview of the financial model design
This is an adapted version of a three-step variation of a 
cost-of-illness analysis, which we have previously  presented 
(10), designed to 1) assess adherence to a  MedDiet among 
adults in the United States and Canada, 2) estimate re-
duction in the incidence of CVD following increasing 
MedDiet adherence, and 3) impute annual healthcare cost 
savings following the reduction in CVD  incidence. Previ-
ously, to account for the uncertainty factor in adherence to 

the MedDiet and reduction in the CVD rates across pop-
ulations, a sensitivity analysis of four scenarios, including 
very pessimistic, pessimistic, optimistic, and ideal assump-
tions, has been implemented within each step (10). The 
present work extends on our original analysis in that it em-
ploys adherence scenarios relative to a baseline to capture 
increases in adherence to the MedDiet and a Monte Carlo 
simulation of subsequent CVD risk reduction parameters 
across studies in the literature.  Updated CVD-related cost 
data were utilized for each country, where 10-year horizon 
time frame outcomes based on current trends allowed for 
long-term projections.

Monte Carlo simulation, or probability simulation, 
is a technique used to assess the effects of  the distribu-
tion of  input parameters on the distribution of  the final 
result (19), by using repeated random draws from pre-
determined distributions to incorporate the statistical 
information as to the likelihood a parameter takes on dif-
ferent values. The key feature of  a Monte Carlo simula-
tion is that, unlike a classical sensitivity analysis, it allows 
for an outcome’s maximum likelihood or mean value to 
be recovered (20).

Step 1: Adherence to the Mediterranean-style diet 
(% of population)
In the first step of this analysis, a distribution reflecting 
the percentages of both the American and Canadian 
adult populations who are likely to adhere to a MedDiet 
was obtained by extrapolating MedDiet score (MedScore) 
data from three US studies (21–23) (Table 1). MedScores 
are questionnaire-based scoring systems designed to 
 determine the degree of adherence to the MedDiet (24). 
A simple average across the three US-based studies of in-
terest (21–23) was used to construct a current ‘baseline’ 
MedDiet population adherence level in North American 
target populations. The majority of MedScore studies 
report percentages of populations that fell within three 
adherence tertiles, that is, low, medium, and high, each 
of which is composed of a range of MedScores reflecting 
degrees of MedDiet intakes. Other point-based MedScore 
systems exist; however, for consistency, only those using 
5- and 9-point MedScores were used in this analysis.

To determine the benefit of higher adherence to a Med-
Diet, two scenarios reflecting increases in current percent-
ages of populations who follow the MedDiet by 20 and 
80% were constructed, extending from a recent analysis by 
Scrafford et al. (25). Fractions of the population assumed 
to transition from low to medium, medium to high, and 
low to high were calculated and applied to a reduction 
in CVD incidence specific to their dietary changes. The 
current average MedScore level is 4.2 points of a 9-point 
MedScores (21–23), with 36 and 27% of the population 
reporting adherence equivalent to medium and high 
scores, respectively. Under the 20% increase scenario, the 
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percentages of population required to shift from low to 
medium adherence and from medium to high adherence 
were 9.3 and 18.8%, respectively. Under the 80% scenario, 
the population percentages of low to medium and me-
dium to high MedDiet adherences were 35.5 and 48.3%, 
respectively. It is important to note that the percentages of 
population shifting from low to high are included in each 
of these shifts; however, the CVD reduction impact is ad-
ditive, such that the impact is not double counted. This is 
of importance when considering the 80% shift case, as it 
results in near-perfect conformance. Scrafford et al. noted 
the unrealistic nature of this scenario; however, stated 
that its usefulness lies in showing an upper bound of sav-
ings (25).

Step 2: Reduction in the incidence of CVD
To associate the MedDiet adherence scenarios (step 1) 
with the reduction in CVD incidence, step 2 of this model 
employed data from five cohorts studies (21, 26–29), re-
porting adjusted hazard ratios (HRs) or relative risks 
(RRs) with corresponding 95% confidence intervals (CIs) 
(Table 2). These studies estimated the CVD reduction 
that followed upward shifts in the MedDiet consump-
tion  levels, from lowest to medium and from medium to 
 highest intakes.

A joint probability distribution was constructed for 
the CVD reduction rate from adherence to the MedDiet, 
assuming a distribution across studies and within a given 
study. Using the studies listed in Table 2, probability of 
obtaining a value from a particular study was computed 
based on its population size as a proportion of the total 

participants. For each study, a normal distribution was 
assumed as a function of the reported HR or RR and a 
calculated standard error (SE) based on the reported 95% 
CIs. The discrete distribution across studies and normal 
distributions within each study represented the CVD 
 reduction rate. These parameters were subsequently sim-
ulated 10,000 times using the @RISK software (Palisade, 
NY, USA) and produced the joint probability distribution 
illustrated in Fig. 1. This distribution shows a highly con-
centrated mean of 25% with a large right tail, with 90% of 
the observations falling between 22 and 28%.

Step 3: Calculation of savings on healthcare costs

Short-termcost saving analysis
Step 3 of this analysis assessed both the short-term 
(or   immediate) and long-term potential cost savings 
within the American and Canadian healthcare systems, 
separately, following the CVD incidence reduction. 
Healthcare costs typically comprise direct and indirect 
components, where the former refers to costs of the oper-
ation of hospitals, medication, and healthcare profession-
als, and the latter includes costs related to the productivity 
losses caused by mortality, illness, and disability. Applying 
a methodology that we outlined in detail previously (10), 
corresponding the reduction in disease cost to each 1% 
decrease in incidence of CVD, healthcare savings were 
calculated for each of the direct and indirect cost com-
ponents following inflation of recent estimates associated 
with CVD in the United States (Table 3) and Canada 
(Table 4) to reflect their year 2017 dollar levels by using 

Table 1. Summary on adherence to the Mediterranean-style diet in North American studies

Reference Study design, place Participants 
(n)

Dietary 
assessment tool

MedDiet adherence tertiles 
(% of participants)

Lowest Medium Highest

Ahmad et al. (21) Prospective cohort (Women’s Health Study), United States 25,994 9-point MedScore 39 36.2 24.8

Park et al. (22) Cross-sectional data (NHANES III, 1988–1994), United States 4,700 5-point MedScore 36.8 31.9 31.3

Tsivgoulis et al. (23) Prospective cohort (REGARDS Study), United States 20,197 9-point MedScore 32.8 41.4 25.8

Table 2. Summary on reduction in cardiovascular disease rate from adherence to the Mediterranean-style diet in North American studies

References Study design, place Diet Participants 
(n)

CVD reduction (lowest 
to medium, RR or HR)

CVD reduction, (lowest 
to highest, RR or HR)

Ahmad et al. (21) Prospective cohort (Women’s Health Study), 
United States

MedDiet 25,994 0.77 (95% CI, 0.67–0.90) 0.72 (95% CI, 0.61–0.86)

Shikany et al. (26) Prospective cohort (REGARDS Study), 
United States

MedDiet 3,562 0.91 (95% CI, 0.76–1.10) 0.78 (95% CI, 0.62–0.98)

George et al. (27) Prospective cohort (WHI OS), United States MedDiet 63,805 0.82 (95% CI, 0.70–0.97) 0.79 (95% CI, 0.67–0.94)

Gardener et al. (28) Cohort (NOMAS), United States MedDiet 1,559 0.72 (95% CI, 0.54–0.96) 0.75 (95% CI, 0.56–0.99)

Fung et al. (29) Cohort (Nurses’ Health), United States MedDiet 1,399 0.87 (95% CI, 0.77–0.99) 0.71 (95% CI, 0.62–0.82)
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Table 3. Summary of the healthcare costs attributed to cardiovascular disease in the United States 
(US$ billion)

Year 2013–2014a 2017b

Direct costs Hospital inpatient stays 90.3 101

Hospital emergency room visit 10.6 11.9

Hospital outpatient or office-based provider visits 46.3 51.8

Home healthcare 19.6 21.9

Prescribed medicines 32.3 36.1

Total direct 199.1 222.6

Indirect costs Lost productivity/mortality 130.5 145.9

Total CVD cost 329.6 368.5

aAdapted from Benjamin et al. (2).
bCurrent dollars based on monetary adjustments according to the medical care category of the US  Department 
of Labor’s Health Care Consumer Price Index (30).

Table 4. Summary of the healthcare costs attributed to cardiovascular disease in Canada (Can$ million)

Year 2010a 2017b

Direct costs Hospitals 6,128 6,434

Drugs 4,957 5,205

Physicians 1,910 2,005

Formal caregiving 5.1 5.4

Total direct 13,000 13,650

Mortality 130.9 137.4

Indirect costs Morbidity and long-term caring 513.3 539

Total indirect 644.2 676.4

Total CVD cost 13,644 14,326

aFrom the Economic Burden of Illness in Canada 2010 report (32).
bCurrent dollars based on adjustments according to Statistics Canada’s Health Care Consumer Price Index (31).

Fig. 1. Generated joint probability density function for cardiovascular disease reduction rate from low to high  Mediterranean-style 
diet adherence. Illustrates the distribution of 10,000 Monte Carlo simulation results for the joint probability density function for the 
cardiovascular disease (CVD) reduction rate. This distribution was constructed using the studies listed in Table 2 for low to high 
Mediterranean-style diet (MedDiet) adherence. Specifically, we computed the probability of obtaining a value from a particular 
study based on its population size as a proportion of the total participants. For each study, a normal distribution was assumed based 
on reported hazard ratio (HR) or relative risk (RR) and a calculated standard error based on the reported 95% confidence interval. 
The discrete distribution across studies and the normal distributions within each study represent the CVD reduction rate. Results 
generated by using the @RISK software for Microsoft Excel.
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the US Department of Labor’s Health Care conusmer 
price index (CPI) (30) and Statistics Canada’s Health 
Care CPI (31), respectively.

Data on costs of  CVD in the United States were 
 extracted from Benjamin et  al. (2), who published a 
report on behalf  of  the American Heart Association 
incorporating the Medical Expenditure Panel Survey 
data with current demographic figures to produce the 
direct (hospital, home healthcare, and prescribed med-
icines) and indirect (lost productivity/mortality) cost 
estimates. Costs of  circulatory system diseases in the 
United States were increased by 12.9% (or ~1.9%) per 
year between 2013 and 2017. Accordingly, the total 
CVD costs of  US$329.6   billion in 2013–2014 were 
assumed to grow to $368.5 billion in 2017 (Table 3). 
For Canada, using direct and indirect costs of  disease 
data from the Economic  Burden of   Illness in Canada 
2010 report (32), costs of  the circulatory system dis-
eases were increased by 6.3% (or  ~0.8%) per year be-
tween 2010 and 2017. As such, the total CVD costs 
of  Can$13.6  billion in 2010 were  assumed to grow to 
$14.3 billion in 2017 (Table 4).

Long-term cost saving analysis
To estimate the discounted value of the MedDiet over the 
next years, a similar approach to the short-term analysis 
described above was followed. There are two differences in 
the methodology between the short-term and long-term 
analyses. First, direct and indirect CVD-related costs 
were forecasted for the next 10 years. Ideally, this would 
be done by using statistical techniques to infer the long-
term growth patterns in CVD costs based on an  extended 
time-series of CVD cost data. However, annual CVD cost 
data for the United States and Canada are not available 
for each year. Therefore, to achieve a forecast, we assumed 
that the CVD costs would grow over the subsequent 10 
years at the rate of the healthcare cost inflation observed 
over the previous 10 years. The US Health Care CPI (30) 
indicates that the healthcare costs in the United States 
increased by 35.4%, or an average of 3.54% per year, be-
tween 2007 and 2017. This implies that the total CVD 
costs in the United States will increase from US$368.5 
to $521.8 billion by 2027. Similarly, Statistics Canada’s 
Health Care CPI (31) indicates that healthcare costs in 
Canada increased by 13.4%, or an average of 1.3% per 
year, between 2007 and 2017, implying that the total CVD 
costs in Canada will increase from Can$14.4 billion in 
2017 to $16.4 billion in 2027.

The second difference in the methodology for the 
long-term analysis is that we assumed that in the long 
run all costs are variable. As a result, a 1% decrease in 
CVD incidence would lead to a 1% reduction in all cost 
caregories, for example, reduction in hospital inpatient 
stays. Based on these assumptions, cost savings were 

estimated for each year from 2017 to 2027 for both the 
United States and Canada. The present values of  these 
cummulative cost savings were then calculated assuming 
a 1.8% discount rate.

Results

Short-term cost savings
The short-term healthcare cost savings under the 20 
and 80% increases in the percentages of  population 
adherence scenarios in the United States and Canada 
are presented in Tables 5 and 6, respectively. For the 
United States, the mean annual cost savings reached 
US$8.2   billion (95% CI, $7.5–$8.8 billion) under the 
20% scenario and US$31   billion (95% CI, $28.6–
$33.3   billion) under the 80% scenario. For Canada,  
the annual cost savings reached Can$0.32 billion  
(95% CI, $0.29–$0.34  billion) under the 20% scenario 
and Can$1.2 billion (95% CI, $1.11–$1.30 billion) under 
the 80% scenario. In both countries under study, the 20 
and 80% increases in percentages of  population ad-
herence to  the current mean MedScore resulted in 2.2 
and 8.4% decreases in CVD- related healthcare costs, 
respectively.

The probability density functions, representing the 
total short-term cost savings under the 20% upward shift 
in  adherence scenario for the United States and Canada, 
are shown in Figs. 2 and 3, respectively. The X-axis in 
each  figure represents cost savings in billion dollars, while 
the Y-axis depicts the relative probabilities of the values 

Table 5. Potential cost savings attributed to the reduction in car-
diovascular disease rate with 20 and 80% upward shifts in current 
adherence to the Mediterranean-style diet in the United States (2017 
US$ billion)a

20% increase 
in adherence 

scenario

80% increase 
in adherence 

scenario

Direct savings

Hospital inpatient stays 0.6 (0.5–0.6) 2.2 (2.0–2.3)

Hospital emergency room visits 0.1 (0.1–0.1) 0.3 (0.2–0.3)

 Hospital outpatient or office-based 
provider visits

0.3 (0.3–0.3) 1.1 (1.0–1.2)

Home healthcare 0.8 (0.7–0.8) 2.9 (2.7–3.2)

Prescribed medicines 1.3 (1.2–1.4) 4.9 (4.5–5.2)

Total direct 3.0 (2.8–3.2) 11.3 (10.5–12.2)

Indirect savings

Lost productivity/mortality 5.2 (4.8–5.6) 19.6 (18.1–21.1)

Total savings 8.2 (7.5–8.8) 31.0 (28.6–33.3)

aData are means and 95% CIs of Monte Carlo simulation results for cost 
savings attributed to the reduction in CVD rate with adherence to the 
MedDiet in the United States under 20 and 80% increases in current 
adherence scenarios. Savings are reported by type of cost in billions of 
2017 US dollars.
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within a range. As the parameter distributions for the 
MedDiet adherence and CVD reduction were assumed 
to be the same for both countries, the healthcare cost 
data shared the same distribution across countries. The 
model results found a significant central tendency due to 
the properties of the normal distribution incorporated 
into the Monte Carlo model through the CVD reduction 
parameter.

Long-term cost savings
Results from the long-term analysis are provided for 
the United States in Table 7 and for Canada in Table 8. 
For  the United States, we estimated that a cumulative 
10-year mean cost savings under the 20 and 80% in-
creases in population adherence scenarios would reach 
US$157.1  billion (95% CI, $144.9–$169.1 billion) and 
US$596.1 billion (95% CI, $550–$641.7 billion), re-
spectively. Most of  these savings are direct savings from 
hospitals. For Canada, a cumulative 10-year mean cost 
savings under the 20 and 80% adherence scenarios were 
estimated at Can$5.5 billion (95% CI, $5.1–$5.9 billion) 
and Can$20.9 billion (95% CI, $19.3–$22.5 billion), re-
spectively. Most of  these savings also come from direct 
savings, particularly in fixed hospital costs, and assume 
such costs increase over time.

Discussion
By employing a Monte Carlo simulation, the present 
modeling exercise showed improvement in prediction 
of the CVD-related healthcare cost savings that would 
arise in the United States and Canada from increases in 
percentages of populations’ adherence to a MedDiet. 
The outcomes of such an analysis will depend strongly 
on the input studies used to refect the target population. 
We selected a subset of available studies based on a num-
ber of characteristics; however, future studies should 
continue to broaden these inputs as is permitted by the 
modelling framework. In a previous scenario-based sen-
sitivity analysis (10), we demonstrated total poten-
tial annual cost savings that ranged between US$1 and 
$63 billion in the United States, and Can$42 million and 

Fig. 2. Distribution of Monte Carlo simulation results for the American healthcare cost savings given a 20% increase in adher-
ence to Mediterranean-style diet, in year 2017 US$ billion. Illustrates the distribution of 10,000 Monte Carlo simulation results 
for estimated cost savings from adherence to Mediterranean-style diet (MedDiet) in the United States (measured in year 2017 
US$ billion). These include direct cost savings, for example, from fewer prescribed medications and hospital stays, and indirect 
cost savings, for example, from lost productivity and mortality. We found 95% of simulation results fell between US$7.5 and 
$8.9 billion. Results generated by using the @RISK software for Microsoft Excel.

Table 6. Potential cost savings attributed to the reduction in 
 cardiovascular disease rate with 20 and 80% upward shifts in 
 current  adherence to the Mediterranean-style diet in Canada 
(2017 Can$ billion)a

20% increase 
in adherence 

scenario

80% increase 
in adherence 

scenario

Direct savings

Hospitals 0.04 (0.03–0.04) 0.14 (0.13–0.15)

Drugs 0.19 (0.17–0.20) 0.70 (0.65–0.76)

Physicians 0.07 (0.07–0.08) 0.27 (0.25–0.29)

Formal caregiving 0.00 (0.00–0.00) 0.00 (0.00–0.00)

Total direct 0.29 (0.27–0.32) 1.11 (1.03–1.20)

Indirect savings

Mortality 0.00 (0.00–0.01) 0.02 (0.02–0.02)

Morbidity and long-term caring 0.02 (0.02–0.02) 0.07 (0.07–0.08)

Total indirect 0.02 (0.02–0.03) 0.09 (0.08–0.10)

Total savings 0.32 (0.29–0.34) 1.20 (1.11–1.30)

aData are means and 95% CIs of Monte Carlo simulation results for cost 
savings attributed to the reduction in CVD rate with adherence to the 
MedDiet in Canada under 20 and 80% increases in current adherence 
scenarios. Savings are reported by type of cost in billions of 2017 
Canadian dollars.
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$2.5 billion in Canada, for a ‘very pessimistic’ scenario, a 
worst-case estimate that assumed only 5% of the popu-
lation following a MedDiet and showing 10% reduction 
in CVD, through an ‘ideal scenario’, a best-case estimate 
of monetary savings when 50% of the population makes 
the dietary change and shows 60% reduction in CVD. 

In the present Monte Carlo design, the estimated 20–80% 
 increases in percentages of populations who would follow 
the  MedDiet were found to yield short-term annual cost 
savings of US$8.2  billion (95% CI, $7.5–$8.8 billion) to 
$31 billion (95% CI, $28.6–$33.3 billion) in the United 
States and Can$0.32 billion (95% CI, $0.29–$0.34 billion) 

Fig. 3. Distribution of Monte Carlo simulation results for the Canadian healthcare cost savings given a 20% increase in adher-
ence to Mediterranean-style diet, in year 2017 Can$ billion. Illustrates the distribution of 10,000 Monte Carlo simulation results 
for estimated cost savings from adopting MedDiet in Canada (measured in year 2017 Can$ billion). These include direct cost 
savings, for example, from fewer prescribed medications and hospital stays, and indirect cost savings, for example, from lost pro-
ductivity and mortality. We found 95% of simulation results fell between Can$0.29 and $0.34 billion. Results generated by using 
the @RISK software for Microsoft Excel.

Table 7. Potential discounted value of 10-year cost savings attributed 
to the reduction in cardiovascular disease rate with 20 and 80% up-
ward shifts in current adherence to the Mediterranean-style diet in the 
United States (2017 US$ billion)a

20% increase in 
adherence scenario

80% increase in 
adherence scenario

Direct savings

Hospital inpatient stays 43.1 (39.7–46.3) 163.3 (150.7–175.8)

Hospital emergency 
room visits

5.1 (4.7–5.4) 19.2 (17.7–20.6)

Hospital outpatient or 
office-based provider visits

22.1 (20.4–23.7) 83.7 (77.3–90.1)

Home healthcare 9.3 (8.6–10.1) 35.4 (32.7–38.2)

Prescribed medicines 15.4 (14.2–16.6) 58.4 (53.9–62.9)

Total direct 94.9 (87.5–102.1) 360.1 (332.2–387.6)

Indirect savings

Lost productivity/mortality 62.2 (57.4–66.9) 236 (217.8–254.1)

Total savings 157.1 (144.9–169.1) 596 (550.0–641.7)

aData are means and 95% CIs of Monte Carlo simulation results for 
discounted value of 10-year cost savings attributed to the reduction in 
CVD rate with adherence to the MedDiet in the United States under 20 
and 80% increases in current adherence scenarios. Savings are reported 
by type of cost in billions of 2017 US dollars.

Table 8. Potential discounted value of 10-year cost savings attributed 
to the reduction in incidence of cardiovascular disease with 20 and 
80% upward shifts in current adherence to the Mediterranean-style 
diet in Canada (2017 Can$ billions)a

20% increase in 
adherence scenario

80% increase in 
adherence scenario

Direct savings

Hospitals 2.5 (2.3–2.7) 9.4 (8.6–10.1)

Drugs 2.0 (1.8–2.1) 7.6 (7.0–8.2)

Physicians 0.8 (0.7–0.8) 2.9 (2.7–3.1)

Formal caregiving 0.0 (0.0–0.0) 0.0 (0.0–0.0)

Total direct 5.2 (4.8–5.6) 19.9 (18.3–21.4)

Indirect savings

Mortality 0.1 (0.0–0.1) 0.8 (0.7–0.8)

Morbidity and long-term 
caring

0.2 (0.2–0.2) 1.0 (0.9–1.1)

Total indirect 0.3 (0.2–0.3) 1.8 (1.6–1.9)

Total savings 5.5 (5.1–5.9) 20.9 (19.3–22.5)

aData are means and 95% CIs of Monte Carlo simulation results for 
discounted value of 10-year cost savings attributed to the reduction in 
CVD rate with adherence to the MedDiet in Canada under 20 and 80% 
increases in current adherence scenarios. Savings are reported by type 
of cost in billions of 2017 Canadian dollars.
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to $1.2 billion (95%  CI,  $1.11–$1.3 billion) in Canada. 
Evidently, even though the healthcare cost data were up-
dated since our last evaluation of this type was conducted 
in 2015 (10), the current saving estimates did fall within 
the uncertainty range of our previous work, demonstrat-
ing an impoved precision in prediction of the potential 
healthcare cost savings.

As mentioned earlier, the 80% scenario was introduced 
by Scrafford et al. (25) to denote a maximum bound, as 
the vast majority of the population is assumed to score 
within the high adherence category. Current MedScore 
studies have a poor representation of the complete pop-
ulation adherence distribution, as well as how the pop-
ulation is distributed within a tertile. This could lead to 
potential bias as a mean perserving shift assumes the 
population is uniformly distributed within each category. 
The approach taken in this research is an improvement 
from previous dichotumas approaches, though oppoutin-
ities for improvement still exist. A representation of the 
MedDiet adherence as a continuous distribution would be 
ideal. Such underlying MedScore data are not currently 
available in the literature. Their availability, in addition to 
detailed nutrition behavior data, would allow for inves-
tigations into the impacts across individual food groups, 
dietary ingredients, or behavior changes, translating more 
effectively into policy and providing the public with better 
actionable information.

Close to US$400 billion in the United States and over 
Can$14 billion in Canada are spent on CVD manage-
ment alone per annum (Tables 3 and 4). Given the po-
tential value of  the disease-related dollar savings that are 
observed with closer adherence to the MedDiet in this 
work, evidently, public health policies and interventions 
designed to encourage positive lifestyle choices assume 
a great economic importance for societies and govern-
ments alike. In establishing better food environments 
and increasing consumer MedDiet adherence beyond the 
current levels, initiatives should include such stakehold-
ers as policy-making authorities, educators, researchers, 
healthcare professionals, food industrialists, and market-
ers. Governments at all levels, for example, can promote 
clear dietary guidelines, subsidy and food tax policies, 
and school food programs. Educators and healthcare 
providers could play a crucial role in ‘shop smart’ and 
media messages. Researchers may conduct national 
screening programs and socioecological model-based 
interventions. And the food industry can develop afford-
able products that will appeal to consumers. Such actions 
are expected to sustain healthy dietary behaviors and, 
consequently, lead to better quality of  life while generat-
ing economic benefits at both the individual and societal 
levels.

The present modeling exercise expanded on our pre-
vious work in this area (10) to project the economic 

 implications of the MedDiet beyond the short-term 
(or  immdeiate) estimates and extending to a 10-year 
 horizon. Including time trends across model inputs, such 
as dietary beliefs and behaviors, food industry structure, 
and healthcare costs, allows for increased model flexibil-
ity and more robust analyses, which are important for the 
public health sector and policy-making strategies. For 
 example, the World Heath Organization reviewed country 
progress in creating enabling policy environments for pro-
moting healthy diets and nutrition, where nutrition plans 
ranged from short-term action plans to 10-year nutrition 
strategies (33). Furthermore, variable uncertainty is ex-
pected to change over time due to changing demographics 
and income levels across regions, and technological in-
novation. A dynamic estimate of dietary adherence and 
 disease incidence could also be incorporated, as the body 
of nutrition literature expands over time.

Uncertainty continues to be a challenging component 
of nutrition economics (34). The method proposed in this 
research hopes to provide a methodology to improve our 
ability to value nutrition interventions rather than rely-
ing on point estimates. Monte Carlo simulation methods 
have been widely used to capture uncertain inputs and 
model structure in other disciplines, such as hydrology 
(35), physics (36), ecology (37), and environmental sci-
ences (38), resulting in a better understanding of how 
parameter sampling can lead to misleading results and 
the importance of testing a model under a range of input 
assumptions. Drawbacks to the Monte Carlo method are 
the significant amount of data required to construct input 
distributions and the reliability of models as being only as 
good as the inputs.

In conclusion, this modeling exercise underscores an 
importance of  the Monte Carlo simulation as an effective 
way of  incorporating variability of  modeling parameters 
for improved precision in estimating the potential health-
care cost savings accosiated with healthy eating habits. 
Future studies of  appropriate designs, including con-
structing economic models within, are likely to validate 
the findings of  the present work. Such initiative, with the 
support of  data from others, is expected to encourage 
public health authorities and stakeholder collaborations 
across jurisdictions in advocating greater adherence to 
the MedDiet as a key example of  healthy dietary ap-
proaches among populations, leading to betterquality of 
life and economic value alike. Rather than only focusing 
on worst- and best-case scenarios, analyzing the statisti-
cal properties of  nutrition intervention data and health-
care spending will improve policy-making prioritization 
of  cost saving opportunities.
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