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ABSTRACT This evaluation aimed to assess the economic performance of the Mediterranean diet for patients after
a first acute myocardial infarction (AMI). A cost utility analysis using a Markov model was used to compare the
Mediterranean diet to a prudent Western diet over a time frame of 10 years. After a systematic review of the literature,
program effectiveness was based on the Lyon Diet Heart Study (605 patients, mean age 54 y, randomized to the
Mediterranean diet delivered by a dietician and cardiologist, or a prudent Western diet). Costs were estimated in AU$
[and converted to US$ and Euros (V)] based on the resource use to which published unit costs were applied. Cost
and benefits were discounted at 5% per annum. The main outcome measure was cost per quality-adjusted life year
(QALY) gained. Extensive 1-way sensitivity analyses were performed. The Mediterranean diet compared with a
prudent Western diet was estimated to cost AU$1013 (US$703, V579) per QALY gained per person. There was a
mean gain in life years of 0.31/person and a gain in quality-adjusted life years of 0.40/person. Based on the published
results from the Lyon Diet Heart Study and conservative assumptions, the Mediterranean diet is highly cost-effective
for persons after a first AMI and represents an exceptional return on investment. Policy makers should strongly
consider the generalizability of results to their own setting. J. Nutr. 136: 1879–1885, 2006.
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Heart disease comprised around one third of global deaths in
2001 (1); ;80% of cardiovascular deaths took place in low-to-
middle income countries, and it is anticipated that heart disease
will be the leading cause of death in developing countries by
2010 (1). It was estimated that more than half of the deaths
and disability from heart disease and stroke could be prevented
by modifications to lifestyle such as diet, activity, and smoking
(1). At least 20 million people world wide survive heart attacks
and strokes each year with a significant portion requiring costly
ongoing clinical care (1). In 2005, the cost of heart disease
and stroke in the United States is projected to exceed $394
billion (2).

Lifestyle changes related to diet have the potential to modify
disease outcomes and costs of management. Lifestyle interven-
tions were successfully tried in several populations (3–6),
including in patients surviving an initial heart attack. The

Mediterranean diet is one such lifestyle option found to be
protective (3). Key elements of the Mediterranean diet are
more whole-grain bread, more fruit and green vegetables, more
fish, less red meat, no butter or cream, and oils/spreads
restricted to olive oil. Moderate alcohol consumption (wine) is
usually permitted.

Advice to adopt a Mediterranean diet was shown to induce
behavior change in patients after a first myocardial infarction
(7) confirmed by a change in nutrient intake (3) consistent
with the dietary recommendations. The diet was also shown to
be effective in preventing further cardiac events (3) and re-
ducing mortality. The assessment of the economic performance
of the Mediterranean diet is timely given the interest of policy
makers in cost-effectiveness, the dearth of published literature
on lifestyle interventions, and the continuing burden of heart
disease.

The aim of our study was to assess the economic per-
formance of the Mediterranean diet after myocardial infarction,
in terms of cost per quality-adjusted life year (QALY).5 By
expressing performance as cost per QALY, it is possible to
compare this nutrition intervention with other approaches to
the prevention and management of disease. Cost-effectiveness
analyses are a critical input to ensuring the best use of scarce
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2 Supplemental Table 1 shows the full costing of the Mediterranean and West-
ern diets and is available with the online posting of this paper at www.nutrition.org.

3 We note the expression of concern recently published by the Lancet
regarding the validity of this study (Horton R. Expression of concern: Indo-
Mediterranean Diet Heart Study. Lancet 2005; 366; 354-6).
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health care resources and are increasingly relied on by policy
makers, health care managers, and clinicians.

MATERIALS AND METHODS

Perspective. The economic evaluation took a societal perspective
with the core analysis focused on patient outcomes and the health
system. The comparator was a ‘‘prudent’’ Western diet control group
who were advised to follow recommendations of the AHA as per
‘‘usual care.’’

The intervention. A search was conducted for high-quality
studies [randomized controlled trials (RCTs) or meta-analyses]
evaluating the effect of a Mediterranean diet in those with a previous
acute myocardial infarction (AMI) on clinical outcomes compared
with a typically recommended diet. Medline (OVID 1966 to current)
and the Cochrane Database of Systematic Reviews (including
American College of Physicians’ Journal Club, Database of Abstracts
of Reviews of Effectiveness, and Cochrane Controlled Trials Register)
were searched in August 2005 using key words and subject headings
for ‘‘myocardial infarction’’ and key words for ‘‘Mediterranean diet.’’ A
total of 43 studies were identified, 3 of which were RCTs assessing
effectiveness of the Mediterranean diet in patients with previous heart
disease (3,8,9).5 The Lyon Diet Heart Study (3) was chosen as the key
source of effectiveness data for this economic evaluation due primarily
to the longer follow-up period.

The Lyon Diet Heart Study was conducted in 6 health services
within Lyon, France between March 1988 and March 1992. The trial
design and outcomes were described in detail in a number of key papers
along with a detailed assessment of potentials for bias (3,7,10,11). A
total of 605 patients aged ,70 y were recruited into the study.
Participants all had survived a myocardial infarction within 6 mo of
enrolment. Recruitment took place in the hospital and patients were
randomized at an outpatient clinic 2 wk after discharge to the
Mediterranean diet (n 5 303) or Western diet (n 5 302) group.
Participants’ mean age was 54 y (SD 10 y) and 91% were men (549/
56). The baseline characteristics of the 2 study groups were similar.

The intervention group received dietary advice during a 1-h
consult with the research cardiologist and dietitian ‘‘to adopt a
Mediterranean-type diet’’ as described in the introduction [for full diet
composition refer to (7)]. In addition, intervention participants were
supplied with rapeseed margarine (7). Intervention patients were seen
at 8 wk, then annually for up to 4 y for further counseling by the
research dietitian and completion of a dietary survey, and for data
collection and counseling by the research cardiologist.

Control group participants received the usual advice for cardiac
patients from the hospital dietician or attending physician [for full diet
composition refer to (7)]. They also saw the cardiologist for data col-
lection at 8 wk, then annually for up to 4 y.

Effectiveness. Results were analyzed on an intention to treat basis
aside from 21 randomized patients who refused follow-up shortly after
the start of the study (3). The majority (92.4 and 93.4%) of the original
302 intervention group and 303 control group participants random-
ized, who were still alive and not censored, attended the final study
visit. Of the 15 control and 19 intervention patients who did not
attend the final visit, vital status was known for all except 4.

At the 4-y follow-up, the Mediterranean diet group had 6 cardiac
deaths compared with 19 in the control group [relative risk (RR) 0.35,
95% CI 0.15–0.83, P 5 0.01] and there were 14 combined cardiac
deaths or nonfatal AMIs in the Mediterranean diet group compared
with 44 in the control group (RR 0.28, 95% CI 0.15–0.53, P 5
0.0001). There were 14 deaths from all causes in the Mediterranean
diet group compared with 24 in the control group (RR 0.44, 95% CI
0.21–0.94, P5 0.03). There were 68 minor events (e.g., stable angina,
revascularization, or restenosis) in the Mediterranean diet group
compared with 90 in the control, 13 major events excluding stroke
(e.g., unstable angina, heart failure, or pulmonary embolism) in the
Mediterranean diet group compared with 42 in the control group, and
4 strokes in the control group with none in the Mediterranean diet
group. Results were used to inform the economic model and are
reported in full in (3).

Measurement of economic performance. The primary measure of
economic performance was the cost per QALY (quality-adjusted life
year) gained, a measure combining the effect on quality of life and
mortality. The QALY is a commonly adopted health outcome measure
and is derived by combining length of time in a health state with the
‘‘utility’’ of that health state. Utility is measured on a scale from 0 to
1 [using specified techniques (12,13)] in which 0 corresponds to a
health state equivalent to death and 1 represents full health. Thus, for
example, an extra year spent in full health would contribute11QALY,
as would 4 y in better health involving a change in ‘‘utility score’’ from
0.45 to 0.7.

Utilities applied to the 5 distinct health states were obtained from
the published literature: 0.93 for event free (14), 0.89 for minor events
(14), 0.88 for AMI (15), 0.78 for major events (14), and 0.54 for stroke
(16). The cost per additional cardiac death or AMI averted (the major
primary endpoint for the trial), was also calculated for theMediterranean
diet compared with the Western diet.

Costing. The cost of the intervention was based on the in-
cremental resource use for the Mediterranean diet group compared
with theWestern diet group described in the reports of the clinical trial
(7), to which Australian published unit costs (2003) were applied and
converted into US$ and Euros (V) using published exchange rates
(June 2004). The additional costs were composed of an initial consult
with a cardiologist and a dietician, a follow-up visit with a dietician at
8 wk, and again annually for y 2 to 4 (Table 1), with unit costs derived
from the Australian Medicare Benefits Schedule (17), plus differential
food costs (see below).

In the Lyon Diet Heart Study, both the control and intervention
groups received follow-up visits with the cardiologist with no observed
increase in physician time. Thus no additional costs were allocated to
the intervention group for this activity. The additional food costs
incurred by patients adhering to the Mediterranean diet were esti-
mated by applying food unit costs obtained from a major Australian
retailer [Coles Myer, (19)] to the mean differences in grams per day for
each major food group reported in the Lyon Heart Study (7). The food
basket was chosen to provide an upper limit on the possible cost dif-
ference, (see Supplemental Table 1). The total cost of the intervention
was estimated at AU$406 (US$282, V232) for y 1 plus an additional
AU$224 (US$155, V128) per year for y 2 to 4, or AU$1076 (US$747,
V615) in total (Table 1).

The costs of management were captured in transition costs, which
were incurred each time a person experienced an event regardless of

TABLE 1

Incremental cost of Mediterranean diet intervention

based on described resource inputs (7)

Item

Mean incremental
increase in cost
per person AU$

Reference
for unit cost

y 1
Initial consult
with cardiologist

128.05 (17)1

Initial consult
with dietician

52.85 (17)2

Follow-up visit at 8 weeks
with dietician

52.85 (17)2

Written instructions 1.27 (18)
Food costs1 170.67 (19)

Total y 1 406 (US$282, V232)

y 2–4
Follow-up visit
with dietician

52.85 (17)

Food costs3 170.67 (19)
Total y 2–4 (annual cost) 223.52

Total cost over 4 y 1076 (US$747, V615)

1 Item number 110.
2 Item number 10954.
3 See Supplemental Table 1.
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study group—see modeling section below. Mean per patient costs of
management associated with each event category and data sources
were also incorporated (Table 2). These included hospital costs only
and thus provided a lower bound estimate, except for stroke, which
also included community-based costs for y 1 after the event. In ad-
dition, in the sensitivity analysis, costs for stroke were also assigned to
each patient each cycle to reflect the on-going cost of management.

Modeling. A state transition model (Markov) was developed in
TreeAge Pro (2004) to estimate the effects on disease, mortality, and
quality of life for each group during the 4 y of the trial and beyond. In
accordance with the trial data, the economic model assumed that the
cohort was 91% male (549/56) with a mean age of 54 y.

Individuals were allocated into one of 5 discrete health states: alive
free of further events, alive following minor events (e.g., stable angina,
revascularization, or restenosis), alive following AMI, alive following
major event (e.g., unstable angina, heart failure or pulmonary em-
bolism), alive following stroke, and death (Fig. 1). The cohort pro-
gressed annually (cycle length 1 y) between these health states
according to transition probabilities derived from the trial and from the
published literature (Table 3). Each year, the cohort for each in-
tervention group accumulated costs and quality-adjusted length of life.
Results were summed over the period of the model and total costs and
total QALYs compared for the control and intervention groups. Rates
were transformed into transition probabilities using the generally
accepted approach (22). The model commenced with all people in
‘‘alive free of events.’’ The model presumed a 1-way progression in
health state (from least severe to most severe). The model assumed
that no transitions other than from ‘‘alive free of events’’ were per-
mitted in y 1 to 4 (the original trial period). The model also assumed
that the intervention group transitions from ‘‘alive free of events’’
reverted to the control probabilities after y 4.

Analysis. The base case model was applied over 10 y, that is, 6 y
beyond trial end point. Estimated costs, utilities, and life years for the
intervention and control cohort were summed over the model period
and compared. A half-cycle correction was applied to costs and
benefits. Costs and benefits were discounted at 5%/annum according
to current Australian guidelines (28). Extensive univariate sensitivity
analyses were performed and involved varying estimates of effect size,
cost, utility, time horizon, and discount rate.

RESULTS

The cost-effectiveness results of the Mediterranean diet
compared with a prudent Western diet, based purely on the
trial results, led to a cost per cardiac death or AMI averted

ranging from AU$10,879 (US$7552, V6217) when program
and food costs were included to AU$1778 (US$1234, V1016)
when the costs of cardiac events were also incorporated (Table
4). When modeled over 10 y, the Mediterranean diet resulted
in an incremental cost per QALY gained of AU$1013
(US$703, V579) per person. It also led to mean gains of 0.31
life years per person or 0.40 quality adjusted life years per
person.

Sensitivity analyses. One-way sensitivity analyses showed
that the Mediterranean diet remained highly cost-effective
under all scenarios (Table 5). The model was most sensitive to
the cardiac event rates, the costs of the intervention, and the
time horizon of the model. The Mediterranean diet dominated
(cheaper andmore effective) theWestern diet under 1 scenario,
i.e., when food costs were excluded from the analysis. The
estimated cost per QALY gained ranged from AU$417
(US$289,V238) when the number of consultations was halved
to AU$7149 (US$4963, V4085) when the lower limit for the
intervention effect (more cardiac events) was used.

DISCUSSION

Economic evaluation of the Mediterranean diet in those
with a previous AMI resulted in an estimated cost per QALY
gained of AU$1013 (US$703, V579) per person, with es-
timates remaining highly cost-effective under all scenarios
considered in sensitivity analyses. This economic evaluation
was based on effectiveness from a high-quality randomized

TABLE 2

Event costs applied to the cohort as it transitions

between health states

Event1 Cost per person AU$ Reference

Minor event (e.g., stable
angina, revascularisation,
or restenosis)

1304 (US$905, V745) (20)2

Nonfatal AMI 4851 (US$3367, V2772) (20)3

Major event (e.g., unstable
angina, heart failure or
pulmonary embolism)

2981 (US$2069, V1703) (20)4

Stroke: new event 18,956 (US$13,159 V10,832) (21)5

Stroke: ongoing management 1777 (US$1234, V1,015) (21)

1 Events are all subsequent to a first AMI (the primary entry criteria
for entry into the trial).

2 Australian refined diagnosis related groups (see Table S11.19)
AR-DRG F74Z.

3 Weighted mean for AR-DRG 41A, F41B, F60A, F60B.
4 Weighted mean for AR-DRG F62A, F62B, F72A, F72B.
5 Communication with author C. Mihalopoulos was required to in-

terpret published costs.

FIGURE 1 Markov model diagram showing health states and
permitted transitions.
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control trial involving a follow-up period sufficient to observe
the effect not just on behaviors but also on health. Results were
confirmed by more recent epidemiological observations (29,30).
Economic estimates are certain and robust as confirmed by the
sensitivity analysis, which shows that under a range of plausible
assumptions, provision of advice to adopt a Mediterranean-
style diet in persons after AMI is cost-effective. The results of
this economic evaluation support the adoption of this inter-
vention in similar patient cohorts.

Strengths and limitations. The main area of uncertainty is
the generalizability of effectiveness results, although the orig-
inal Lyon Diet Heart study was conducted in French patients
not usually consuming a Mediterranean-type diet. The analysis
was based on a single high-quality study rather than a meta-
analysis, although we note that the results of the other 2
identified trials of the use of a Mediterranean diet reported
similar outcomes. Issues that might affect the generalizability
include the following: first, the baseline prevalence of first and

TABLE 4

Cost-effectiveness and cost utility

Mediterranean diet Western diet Difference

Cost effectiveness1 over 4 y AU$
Costs/person
Program costs2 394 0 394
Food costs2 1375 692 683
Cardiac event costs3 550 1451 �901

Outcomes
Cardiac death and
nonfatal AMI events4

14/302 (4.6%) 44/303 (14.5%) 9.9%

Cost/cardiac death or
AMI averted

Includes program costs only 3980 (US$2763, V6217)
Includes program
and food costs

10879 (US$7552, V6217)

Includes program, food
and event costs

1778 (US$1234, V1016)

Cost utility5 modeled
over 10 y AU$

Total costs/person 3649 3244 405
(US$2533, V2085) (US$2252, V1854) (US$281, V231)

Mean life years/person 7.29 6.98 0.31
Mean QALYs/person6 6.62 6.22 0.40
Discounted cost per QALY

gained/person
1013 (US$703, V579)

1 Derived from the events reported by the trial and described resource use.
2 See Table 1.
3 Costs from Table 2 and event rates from (3) Table 1, p. 780.
4 This is the major primary endpoint (composite outcome 1) from the clinical trial (3), assuming each

AMI and death within the 4 years affects a separate person.
5 Modeled using assumptions and parameters outlined in Table 3 and methods section.
6 Mean QALYs are less than mean life years because this incorporates the negative effect on quality

of life of the cardiovascular events.

TABLE 3

Transition probabilities after first AMI

Time t11

Time t Event-free Minor event Nonfatal AMI Major cardiac event Nonfatal stroke Dead

Event-free #1 0.063 0.007 0.011 0.000 0.012
Intervention group (3) # [0.048–0.086]2 [0.003–0.016]2 [0.006–0.021]2 0.004 [0.006–0.024]2

Control group (3) 0.090 0.023 0.039 0.022
Minor event — # 0.014 (23) 0.0303 0.0114 (24) 0.0335

Nonfatal AMI — — # 0.183 (23) 0.055 (23) 0.159 (25)
Other major cardiac event — — — # 0.015 (23) 0.170 (26)
Nonfatal stroke — — — — # 0.225

1 Residual value (1 � the rest of the probabilities in the row) because the sum of each row must be one.
2 Ranges represent upper and lower limits derived from the 95% CIs of the RRs calculated from the original study report (3) Table 1, p. 780. All

differential variation is attributed to the intervention arm. Unable to calculate a risk ratio for stroke with zero events.
3 Researcher judgement.
4 The 5-y probability of survival following stroke was multiplied by the RR of already having congestive heart failure [2.28, (27)] adjusted for the

prevalence of congestive heart failure in the original population (16.74%).
5 This transition is assumed to be the same as alive free of events to dead.
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subsequent AMIs in the community because any substantial
departure from the study experience will affect absolute risks
even if relative risks are unchanged; second, the typical current
management of heart disease; and third, the cultural accep-
tance of the intervention, usual dietary patterns in the com-
munity, and usual dietary advice in this cohort.

There is an argument that more than a decade after the
original trial, the prevalence and management of heart disease
and AMI have changed such that there is now less scope for
potential benefit. It should be noted, however, that France (the
setting of the original study) had and still has very low rates of
heart disease compared with most other countries. There were
10.46 AMI female deaths/100,000 population in France in
1997 compared with 33.89 in Australia, and 28.45 in the
United States. Similarly, there were 29.35/100,000 population
male AMI deaths in France in 1997 compared with 64.45 in
Australia, and 56.40 in the United States [age standardized
to world population, (31)]. Thus, although countries like
Australia have seen a decreasing rate of fatal AMIs over the last
2 decades, down from 203.9/100,000 population in 1980, 145.8
in 1990, to 78.2 in 2000 [age standardized to Australian
population, (32)], current rates are still higher than those in
France in the early 1990s when the Lyon Diet Heart Study was
being conducted. Given that the Lyon Diet Heart Study found
a large effect in a population with low rates of heart disease, the
potential benefit could well be greater in a population with
higher rates of heart disease.

In relation to estimated costs, generalizability is more
problematic because management patterns and cost of hospi-
talization vary across health systems. However, the transpar-
ency of the evaluation process will aid comparisons. Ideally,
costs would have been estimated on the basis of resource use
in America and Europe, rather than the currency conversion
provided. However, lower inpatient costs in Australia for
events avoided mean that the intervention is likely to be
associated with an even greater cost savings in other countries,
and reported estimates should therefore be conservative. Food
costs may also vary across countries depending on local

availability of products and local cost of living. Our evaluation
provided costing based on Australian data for a subset of foods
that make up each typical diet. Although this is a simplistic
approach, the selected food basket was chosen to provide a high
estimate of the differential cost of the Mediterranean diet.
Furthermore, sensitivity analysis shows that even if food costs
were doubled for each diet, the intervention would still be cost
effective at $2738 per QALY gained. We also note that
estimated cost effectiveness is likely to be conservative for
the following reasons: we included only transition or event
costs in our analysis and not on-going differentials in costs of
management, which would lead to an increase in the cost
differential between the Mediterranean diet and Western
diet groups; the analysis used an intention to treat approach
that will bias results toward the null; and the Mediterranean
diet may also significantly reduce other disease such as cancer
even in the short term [(33) such probable benefits are
included only to the extent that they are captured in all-
cause mortality]. Thus, it is likely that the Mediterranean diet
would prove cost saving under a range of highly plausible
scenarios.

The preparedness and capacity of other groups to adopt a
Mediterranean-style diet are also important. According to
recent studies, the uptake of a Mediterranean diet is theoret-
ically possible in other countries such as Germany based on the
availability of food (34). However, nutrition is not just about
food availability; it is also about lifestyle, culture, and social
structure. It would seem that the Mediterranean diet, or the
key protective elements of the diet are transferable to people
not living in the region as evidenced by the fact that the
original population in the Lyon Diet Heart Study did not
normally consume the traditional Mediterranean diet (35). It
may be that some people prefer a Western diet as evidenced by
its large uptake, although there are other possible explanations
such as habit, lack of exposure, necessary food/cooking skills,
and the availability of information to make informed decisions.
It seems that although the diet is theoretically transferable, this
would not be automatic. Further research into implementation

TABLE 5

Sensitivity analysis assumptions and results

Scenario

Incremental cost
(Mediterranean diet compared with

Western diet) per person AU$

Incremental QALYs
(Mediterranean diet compared
with Western diet) per person Cost/QALY AU$

Base case 405 (US$281, V231) 0.40 1013 (US$703, V579)
Upper estimate of intervention effect (fewer
cardiac events)1

258 (US$179, V147) 0.58 445 (US$309, V254)

Lower estimate of intervention effect (more
cardiac events)1

656 (US$455, V375) 0.09 7149 (US$4963, V4085)

Utilities all decreased by 0.05 405 (US$281, V231) 0.39 1054 (US$732, V602)
Utilities all increased by 0.05 405 (US$281, V231) 0.42 975 (US$677, V557)
Discount rate 3% 447 (US$310, V255) 0.45 991 (US$688, V566)
Discount rate 0% 515 (US$358, V294) 0.54 948 (US$658, V542)
Time horizon 15 y 626 (US$435, V358) 0.63 992 (US$689, V567)
Time horizon 5 y 310 (US$215, V177) 0.13 2332 (US$1619, V1333)
Number of consults doubled 882 (US$612, V504) 0.40 2204 (US$1530, V1259)
Number of consults halved 167 (US$116, V95) 0.40 417 (US$289, V238)
Addition of state costs for
stroke of AU$17772

228 (US$158, V130) 0.40 569 (US$395, V325)

Food costs doubled 1096 (US$761, V626) 0.40 2738 (US$1901, V1565)
No additional food costs �285 (�US$198,�V163)3 0.40 Intervention dominates

1 Calculated using the range presented in Table 3.
2 State costs are assigned to each patient for each cycle they spend in the stroke health state, they reflect the ongoing costs associated with living in

this condition.
3 A negative value indicates that the Mediterranean diet is cost saving.
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