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Abstract
The adverse effect of red meat consumption on the risk for CVD is a major population health concern, especially in developing Hispanic/
Latino countries in which there are clear trends towards increased consumption. This population-based case–control study examined the
associations between total, processed and unprocessed red meat intakes and non-fatal acute myocardial infarction (MI) in Costa Rica. The
study included 2131 survivors of a first non-fatal acute MI and 2131 controls individually matched by age, sex and area of residence. Dietary
intake was assessed with a FFQ. OR were estimated by using conditional logistic regression. Higher intakes of total and processed red meat
were associated with increased odds of acute MI. The OR were 1·31 (95% CI 1·04, 1·65) and 1·29 (95% CI 1·01, 1·65) for the highest quintiles
of total red meat (median: 110·8 g or 1 serving/d) and processed red meat intake (median: 36·1 g or 5 servings/week), respectively. There were
increasing trends in the odds of acute MI with higher total (Ptrend= 0·01) and processed (Ptrend= 0·02) red meat intakes. Unprocessed red meat
intake was not associated with increased odds of acute MI. Substitutions of 50 g of alternative foods (fish, milk, chicken without skin
and chicken without fat) for 50 g of total, processed and unprocessed red meat were associated with lower odds of acute MI. The positive
association between red meat intake and acute MI in Costa Rica highlights the importance of reducing red meat consumption in middle-
income Hispanic/Latino populations.
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Red meat consumption has notably increased in developing
countries over the last 50 years(1,2) and will continue to do so
moving forward. It is estimated that between 2017 and 2023,
developing countries will account for 83% of the increase in
meat consumption relative to 2010–2013(3). These trends are
worrisome given the potential adverse effects of red meat intake
on CVD, the main cause of death in developing countries which
also currently represent 80% of the global CVD burden(4–6).
Epidemiological studies have suggested that high intake of red

meat, especially processed red meat, is associated with some major
chronic diseases(7). Red meat intake is associated with higher CVD
incidence and mortality in studies conducted in high-income
countries including the USA and some European countries(8–10). In
the USA, it is estimated that increasing processed and unprocessed
red meat intake by 1 serving/d is associated with 21 and 18%
higher risk of CVD mortality, respectively(8).
To the best of our knowledge, studies on the effect of red meat

intake on CVD in Hispanic/Latino populations are extremely
scarce. Hispanic/Latino countries have been transitioning to a
more Westernised diet(11). It is possible that the increase in CVD

incidence in developing Hispanic/Latino countries is partially due
to the increase in red meat consumption due to this shift toward a
more Westernised diet.

The purpose of our study is to investigate the association
between intakes of total, processed and unprocessed red meat and
non-fatal acute myocardial infarction (MI), a form of CVD, in Costa
Rica, a developing Hispanic/Latino country. In Costa Rica, CVD is
the most common cause of death, estimated to account for 30% of
total deaths(12). We also evaluated potential effect modifiers and the
benefits of substituting other alternative sources of protein for total,
processed and unprocessed red meat. We hypothesised that intake
of red meat, especially processed red meat, would be positively
associated with acute MI in Costa Rica.

Methods

Subjects

All subjects were participants of the Costa Rica Heart Study, a
population-based case–control study of diet and risk of CVD.

Abbreviation: MI, myocardial infarction.
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All subjects were Hispanics/Latinos who lived in the Central
Valley of Costa Rica between 1994 and 2004. The catchment
area for the study included thirty-four counties and covered
a full range of lifestyles and socioeconomic characteristics.
The details of the study have been described elsewhere(13).
In brief, eligible cases were adult residents (men and women)
who were diagnosed as survivors of a first acute MI by
independent examinations of two cardiologists at any of the six
recruiting hospitals in the catchment area. All cases met the
WHO criteria for MI, which includes typical symptoms as
well as either elevations in cardiac enzyme concentrations or
diagnostic changes in the electrocardiogram(14). One free-living
population-based control subject for each case, matched for age
(±5 years), sex and area of residence (county), was randomly
selected with the aid of the information available at the National
Census and Statistics Bureau of Costa Rica. Because of
the comprehensive social services provided in Costa Rica, all
persons living in the catchment area had access to medical care
regardless of their income level. Therefore, control subjects
came from the source population that gave rise to the cases and
were unlikely to have had undiagnosed CVD because of limited
access to health care. Participation was 98% for cases and 88%
for controls. All subjects gave informed consent on documents
approved by the Human Subjects Committee of the Harvard
School of Public Health and the University of Costa Rica.
The initial study population consisted of 2273 case–control

pairs (n 4546). We excluded participants who had missing
information on red meat intake (n 118) or major confounders
(waist:hip ratio, physical activity level, monthly household
income, history of diabetes, history of hypertension, smoking
status, alcohol intake, total energy intake, fruit servings, green
leafy vegetable servings, chicken intake and fish intake; n 43),
and who were unable to be re-matched after the aforementioned
exclusions (n 123). Data from 2131 case–control pairs were
available for data analysis (Fig. 1).

Data collection

On average, data collection for both cases and controls took
place 3 weeks after hospital discharge of the case subject.
Trained personnel visited study participants at their homes.
Data on demographic characteristics, cigarette smoking, alcohol
intake, physical activity, socioeconomic status and medical
history were collected using a questionnaire with close-ended
questions. Anthropometric and blood pressure measurements
were also taken. To calculate the physical activity level,
we multiplied the frequency, duration and intensity of each
physical activity level, and then summed up the energy
expenditures from all activities to derive total metabolic
equivalents, as described earlier(15). All participants were also
asked to choose from a list of factors which they believed was
‘the main cause of heart attacks’. Possible responses included
diet, obesity, smoking, alcohol intake, coffee intake, physical
activity, stress, occupation, medication, sexual activity, genetic
factors, high blood cholesterol, high blood glucose and high
blood pressure.

We measured dietary intake using a 135-item semi-quantitative
FFQ that was developed and validated specifically to assess food
and nutrient intake in the Costa Rican population(16,17). This FFQ
was based on the Willett questionnaire(18), and we added specific
items from the Costa Rican diet(19), which was a typical Central
American diet based on rice, beans, plantains, maize tortillas, small
salads with chopped vegetables, meat, eggs and cheese. Intake
of energy and nutrients was computed by multiplying the
consumption frequency of each food by the nutrient content of the
specific portion. We used food composition values from the US
Department of Agriculture database and data from manufacturers
and published reports(18,20). In a validation study among
120 randomly selected control subjects, we used the method
of triads to validate the FFQ against 7-d, 24-h dietary recalls,
and biomarkers of fatty acids, tocopherols and carotenoids in

2273 cases

Missing red
meat intake
(n 114)

2159 cases

Missing
confounders
(n 26)

2133 cases

Not able to be re-matched
(n 123)

2131 case–control pairs

Matched on age, sex,
and area of residence

2273 controls

Missing red
meat intake
(n 4)

2269 controls

Missing
confounders
(n 17)

2252 controls

Fig. 1. The flow of participants through the Costa Rica Heart Study. We excluded participants who did not have any data on the processed and unprocessed red meat
items. After this exclusion, fifteen participants had remaining missing red meat intake items, the values of which were subsequently set to 0. The confounders included
waist:hip ratio, physical activity level, monthly household income, history of diabetes, history of hypertension, smoking status, alcohol intake, total energy intake, fruit
servings, green leafy vegetable servings, chicken intake and fish intake.
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plasma and adipose tissue(16). We also compared the FFQ against a
second FFQ administered 1 year apart to assess reproducibility(16).
The Pearson partial correlation coefficients for total fatty acid, SFA,
MUFA and PUFA between the averages of the two FFQ assess-
ments and the 7-d, 24-h recalls were 0·74, 0·71, 0·64 and 0·75,
respectively; the values were 0·46, 0·60, 0·47 and 0·59, respectively,
between the first and second FFQ (P<0·0001 for all values). The
FFQ was administered by trained personnel. The participants were
asked how often, on average, they consumed each food of a
standard portion size during the past year. For most foods, there
were nine possible responses for frequency: never or <1 time/
month, 1–3 times/month, 1 time/week, 2–4 times/week, 5–6 times/
week, 1 time/d, 2–3 times/d, 4–5 times/d and ≥6 times/d.

Definitions

For the purpose of our study, ‘red meat’ was defined as meat
from mammals such as cows, sheep, veal calves, lamb and pigs.
‘Processed red meat’ referred to red meat that has been preserved
by smoking, salting or addition of chemical preservatives, such as
bacon, salami, sausages or hot dogs. ‘Unprocessed red meat’ was
defined as fresh red meat free from these preservation methods.
Processed and unprocessed red meat contain the similar amount
of SFA and haem Fe(8), whereas they differ most notably in their
Na and nitrate/nitrite contents because of the food preservation
methods used for processed red meat(21). FFQ items on
unprocessed red meat intake included ‘hamburger’, ‘beef, pork or
lamb as a main dish’, ‘beef, pork or lamb as a sandwich’ and ‘beef,
pork or lamb in mixed dishes’. Processed red meat items included
‘bacon’, ‘hot dogs’ and ‘sausage, bologna, salami, ham and other
processed meats’. The online Supplementary Table S1 provides
more details of the compositions of processed red meat, unpro-
cessed red meat, chicken and fish groups used in our study, as
well as the standard serving sizes for each food item. For the
interpretation of our results, we used 100g as the average serving
size for total red meat and unprocessed red meat and used 50g as
the average serving size for processed red meat(22,23).

Statistical methods

We transformed the frequencies of food intake from the FFQ to
semi-continuous variables representing the numbers of
standard servings per day, with values of 0, 0·08, 0·14, 0·43, 0·8,
1, 2·5, 4·5 and 6·0 representing the nine possible responses in
the FFQ respectively. We then multiplied the number of
servings per day and the standard portion size of each food to
derive the continuous weighted dietary variable (in g).
We further adjusted all weighted dietary variables for total
energy intake by using the residual method(24) and used the
energy-adjusted dietary variables in the subsequent models.
We assessed the significance of differences in general char-

acteristics and dietary intake between cases and controls by
using paired t tests for normally distributed continuous variables,
Wilcoxon’s signed-rank tests for skewed continuous variables,
and McNemar’s tests for categorical variables. We examined
the distributions of potential confounders among controls by
quintiles of the energy-adjusted total, processed and unpro-
cessed red meat intakes (online Supplementary Table S2). OR
and 95% CI of acute MI associated with total, processed and

unprocessed red meat intakes were estimated by using condi-
tional logistic regression models. We used quintile-based cate-
gorisation of the exposure variables instead of the original
continuous variables because dose–response relationships and
potential non-linear associations could be evaluated. In addition,
we computed the Ptrend across quintiles of red meat intakes by
assigning the median intake value of each quintile to the subjects
in the corresponding quintile as a continuous variable in the
model. Non-dietary confounders included in the final multi-
variate models were waist:hip ratio (quintiles), physical activity
level (quintiles), monthly household income (quintiles plus an
indicator for missing data), history of diabetes (yes or no), history
of hypertension (yes or no), smoking status (never, former or
current <10, 10–20 or >20 cigarettes/d), and alcohol intake
(never, former or current tertiles). Dietary confounders included
total energy intake, fruit servings, green leafy vegetable servings,
energy-adjusted chicken intake and energy-adjusted fish intake
(all in quintiles). We also examined models in which processed
and unprocessed red meat intake (both energy-adjusted) were
adjusted for each other. Adjustments of formal education level
and type of oil used did not appreciably change the results, so
were not included in the final models as covariates. The multi-
plicative interaction between processed/unprocessed red meat
intake and potential effect modifiers (age, sex, waist:hip ratio and
physical activity level) was tested by including product terms in
the fullest multivariate model. The product terms were created
using the median intake of each quintile (as a continuous vari-
able) and each potential effect modifier (sex as a binary variable;
age, waist:hip ratio and physical activity level as continuous
variables). As heterogeneous results by sex have been reported
by some studies(4), we also conducted sex-stratified analysis to
further evaluate effect modification by sex.

The associations of substituting 50 g of an alternative source of
protein for 50 g of total, processed and unprocessed red meat
with acute MI were estimated by including the numbers of
servings (standardised to 50 g) of both foods as continuous
variables in the same model, which also included all non-dietary
confounders plus total energy intake(8). The difference in the two
β-coefficients, as well as their variances and covariance, were
used to estimate the OR and its 95% CI associated with
the substitution of interest(25). The alternative foods examined
included fish, chicken with skin and fat, chicken without skin or
chicken without fat, whole milk and low-fat milk (including 1 and
2% milk), which were all potentially healthier food sources of
protein(8,25). The substitution analysis made the assumption
that the associations between the alternative foods and acute MI
were roughly linear on the log odds scale. We evaluated this
assumption by examining the associations between the quintiles
of each alternative food and acute MI, adjusted for all non-dietary
confounders and total energy intake. We did not find any notable
deviation from linearity (e.g. no U-shape pattern was found
between any alternative food and acute MI).

To examine the robustness of the results, we performed five
sensitivity analyses. First, we conducted multiple imputations on
the missing data of monthly household income (n 315; 7·4% of
the entire sample). A multiple Markov chain Monte Carlo method
was used assuming missing at random(26). Variables used to
predict missing income data included age, sex, area of residence,
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physical activity level, formal education level, alcohol intake,
green leafy vegetable servings and case–control status of acute
MI. Second, we repeated the analyses after excluding participants
with missing income (i.e. a complete case analysis). Third, we
repeated the analyses after excluding participants who reported
implausible total energy intake (<2092kJ/d (<500kcal/d) or
>14 644kJ/d (>3500kcal/d); n 529). Fourth, to address potential
differential exposure measurement error, we repeated the
analyses excluding participants who believed that diet was the
main cause of MI (n 621). Last, as the history of hypertension
could be a mediator instead of a confounder, we repeated the
analysis without adjusting for the history of hypertension in the
fullest models.
A power calculation was performed using data from a

prospective investigation of red meat intake and the risk of CHD in
the Nurses’ Health Study(25), in which an OR of 1·29 was found
comparing the highest to lowest quintiles of total red meat intake.
Under this estimated effect size and a two-sided significance level
of 0·05, our study (n 4262) had a statistical power of 93%. All data
were analysed by using the SAS software, version 9.4 (SAS
Institute Inc.).

Results

Most of the examined general characteristics and dietary factors
were significantly different between cases and controls in the
expected direction, except for MUFA, trans-fat, chicken intake,
fruit servings and green leafy vegetable servings (Table 1).
Compared with controls, cases had higher intakes of energy-
adjusted total, processed and unprocessed red meat intakes, as
well as lower energy-adjusted fish intake. Energy-adjusted
intakes of processed and unprocessed red meat were weakly
and positively correlated (Pearson’s r 0·16 and 0·21 in cases and
controls, respectively).
Higher intake of total and processed red meat intakes were

associated with higher odds of acute MI after adjusting for
potential confounders (Table 2). Compared with participants in
the lowest quintile of total red meat intake (energy-adjusted
median intake: 19·5 g or 1·5 servings/week), those in the
highest quintile (energy-adjusted median intake: 110·8 g or
1 serving/d) has higher odds of acute MI (OR 1·31; 95% CI 1·04,
1·65). There was also a significant increasing trend in the odds
of acute MI with higher total red meat intake (Ptrend= 0·01),
though the second to the fourth quintiles of total red meat
intake were not significantly associated with the odds of acute
MI. Analyses that evaluated processed and unprocessed meat
independently show that, compared with participants in the
lowest quintile of processed red meat intake (energy-adjusted
median intake: 0 g), the highest quintile of processed red meat
intake (energy-adjusted median intake: 36·1 g or 5 servings/
week) was associated with higher risk of acute MI (OR 1·29;
95% CI 1·01, 1·65). The association between the highest quintile
of unprocessed red meat intake and the odds of acute MI was
not statistically significant.
In the sex-stratified analysis, the associations were notably

stronger in women than in men. Among women, the OR for the
highest quintile of total, processed and unprocessed red meat
intake were 1·57 (95% CI 0·93, 2·64), 1·47 (95% CI 0·80, 2·69) and

1·44 (95% CI 0·86, 2·40), respectively (Table 3); among men, the
values were 1·19 (95% CI 0·92, 1·55), 1·25 (95% CI 0·95, 1·65) and
1·01 (95% CI 0·78, 1·32), respectively (Table 4). The associations
were not statistically significant in neither men nor women,
possibly due to the reduced power of the stratified analysis.
However, based on the Wald χ2 test of the product term,
there was a marginally significant interaction between sex and
unprocessed red meat intake (P= 0·054) indicating that the effect
of unprocessed red meat intake was stronger in women than in
men. No statistical interactions were detected between total and
processed red meat intake and sex (P> 0·10 for both product
terms). We did not find significant interactions between total,
processed or unprocessed red meat intakes and age, waist:hip
ratio or physical activity level (P> 0·10 for all product terms).

The estimates were largely unchanged when we did not
adjust for history of hypertension in the fullest models. The OR
for total red meat intake were 1·00 (reference), 1·02 (95% CI

Table 1 . General characteristics and dietary factors of the 2131 cases of
non-fatal acute myocardial infarction and the 2131 population-based
matched controls in the Costa Rica Heart Study
(Mean values and standard deviations; percentages)

Controls
(n 2131)

Cases
(n 2131)

Mean SD Mean SD

Matching variables
Age (years) 58·1 11·3 58·5 11·1
Women (%) 26·6 26·6
Residence in urban areas (%) 38·8 38·8

General characteristics
Waist:hip ratio*** 0·95 0·08 0·97 0·07
Physical activity (MET/d)** 35·5 16·2 34·4 16·1
Monthly household income

(US dollars)†***
571·6 426·3 496·4 391·4

Secondary education or higher (%)* 40·1 36·7
History of diabetes (%)*** 14·1 24·6
History of hypertension (%)*** 29·3 38·5
Current smoker (%)*** 21·1 39·9
Current alcohol drinker (%)** 52·9 48·7

Dietary intake
Total energy intake (MJ/d)*** 10·2 3·2 11·3 3·9
Total fat (% energy)** 31·9 5·9 32·4 5·9
SFA (% energy)*** 11·7 2·9 12·5 3·1
MUFA (% energy) 11·2 4·0 11·2 3·5
PUFA (% energy)** 7·1 2·3 6·8 2·3
Trans-fat (% energy) 1·3 0·6 1·3 0·6
Carbohydrates (% energy)*** 55·4 7·3 54·4 7·5
Protein (% energy)*** 12·9 2·1 13·2 2·2
Cholesterol (mg/kJ)*** 28·1 12·4 30·2 14·0
Na (g/d)‡* 2·28 0·45 2·31 0·53
Total red meat (g/d)‡*** 60·8 36·8 66·7 46·1
Processed red meat (g/d)‡* 16·0 17·0 19·0 26·2
Unprocessed red meat (g/d)‡* 44·8 29·8 47·8 36·7
Fish (g/d)‡*** 30·6 22·7 28·8 24·9
Chicken (g/d)‡ 35·7 25·5 37·4 29·4
Fruits (servings/d)§ 4·3 3·0 4·2 2·7
Green leafy vegetables (servings/d)‖ 0·8 0·6 0·8 0·6

Mean values or percentages were significantly different between cases and controls:
* P< 0·05, ** P<0·01, *** P<0·001.

† There were 315 participants with missing monthly household income, resulting in
1972 controls and 1975 cases.

‡ Adjusted for total energy intake using the residual method.
§ Includes pineapples, papaya, bananas, cantaloupe, apples, pears, mango,

oranges, watermelon, tangerine, lychee, peach palm, avocado, tomatoes, cukes,
plantain, zucchini and yellow squash.

‖ Includes broccoli, coleslaw, cabbage, spinach, kale and lettuce.
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0·82, 1·28), 1·06 (95% CI 0·84, 1·33), 1·05 (95% CI 0·83, 1·32)
and 1·31 (95% CI 1·04, 1·64), for the lowest to highest quintiles
respectively (Ptrend= 0·02). The OR for processed red meat
intake were 1·00 (reference), 0·98 (95% CI 0·77, 1·24), 1·02
(95% CI 0·79, 1·31), 0·99 (95% CI 0·77, 1·27) and 1·27 (95% CI

0·99, 1·61), for the lowest to highest quintiles, respectively
(Ptrend= 0·03). The OR for unprocessed red meat intake were
1·00 (reference), 1·10 (95% CI 0·88, 1·38), 0·98 (95% CI 0·77,
1·23), 1·01 (95% CI 0·80, 1·26) and 1·14 (95% CI 0·91, 1·43), for
the lowest to highest quintiles, respectively (Ptrend= 0·40).

Table 2. Quintiles (Q) of total, processed and unprocessed red meat intakes and non-fatal acute myocardial infarction among the 2131 case–control pairs
from the Costa Rica Heart Study
(Odds ratios and 95% confidence intervals)

Q2 Q3 Q4 Q5

Q1 OR 95% CI OR 95% CI OR 95% CI OR 95% CI Ptrend

Total red meat
Median intake (g/d)* 19·5 42·6 58·6 78·2 110·8
Basic model† 1·00 0·83 0·69, 1·01 0·88 0·72, 1·07 0·92 0·76, 1·12 1·39 1·15, 1·69 <0·001
Multivariate 1‡ 1·00 0·83 0·68, 1·03 0·82 0·66, 1·02 0·91 0·73, 1·14 1·27 1·02, 1·58 0·007
Multivariate 2§ 1·00 1·00 0·80, 1·26 1·04 0·82, 1·31 1·05 0·83, 1·32 1·31 1·04, 1·65 0·01

Processed red meat
Median intake (g/d)* 0 8·4 14·3 20·9 36·1
Basic model† 1·00 0·79 0·65, 0·96 0·74 0·61, 0·90 0·78 0·65, 0·95 1·16 0·95, 1·41 0·05
Multivariate 1‡ 1·00 0·78 0·63, 0·97 0·73 0·59, 0·92 0·74 0·59, 0·92 1·08 0·86, 1·35 0·31
Multivariate 2§ 1·00 0·99 0·78, 1·26 1·04 0·81, 1·34 1·03 0·80, 1·31 1·32 1·04, 1·68 0·01
Multivariate 3‖ 1·00 0·98 0·77, 1·25 1·03 0·80, 1·33 1·01 0·79, 1·30 1·29 1·01, 1·65 0·02

Unprocessed red meat
Median intake (g/d)* 11·5 28·0 41·1 58·7 85·6
Basic model† 1·00 0·88 0·73, 1·07 0·82 0·68, 1·00 0·99 0·81, 1·19 1·22 1·01, 1·49 0·006
Multivariate 1‡ 1·00 0·90 0·73, 1·11 0·81 0·65, 1·01 0·95 0·77, 1·18 1·16 0·93, 1·44 0·07
Multivariate 2§ 1·00 1·10 0·88, 1·38 0·98 0·78, 1·24 1·02 0·81, 1·28 1·18 0·94, 1·47 0·25
Multivariate 3¶ 1·00 1·08 0·86, 1·36 0·96 0·76, 1·22 1·00 0·79, 1·26 1·13 0·90, 1·42 0·42

* Adjusted for total energy intake using the residual method.
† Adjusted for the matching factors (age, sex and area of residence).
‡ In addition to the basic model, adjusted for waist:hip ratio (quintiles), physical activity level (quintiles), monthly household income (quintiles plus an indicator for missing data),

history of diabetes (yes or no), history of hypertension (yes or no), smoking status (never, former or current <10, 10–20 or >20 cigarettes/d) and alcohol intake (never, former or
current tertiles).

§ In addition to the multivariate 1, adjusted for total energy intake, fruit servings, green leafy vegetable servings, energy-adjusted chicken intake and energy-adjusted fish intake
(all in quintiles).

‖ In addition to the multivariate 2, adjusted for energy-adjusted unprocessed red meat intake in quintiles (mutual adjustment).
¶ In addition to the multivariate 2, adjusted for energy-adjusted processed red meat intake in quintiles (mutual adjustment).

Table 3. Quintiles (Q) of total, processed and unprocessed red meat intakes and non-fatal acute myocardial infarction among 1132 women from the Costa
Rica Heart Study
(Odds ratios and 95% confidence intervals)

Q2 Q3 Q4 Q5

Q1 OR 95% CI OR 95% CI OR 95% CI OR 95% CI Ptrend

Total red meat
Basic model* 1·00 1·05 0·74, 1·50 1·09 0·77, 1·55 1·30 0·88, 1·90 1·71 1·14, 2·57 0·005
Multivariate 1† 1·00 1·02 0·69, 1·53 0·88 0·59, 1·32 1·20 0·76, 1·88 1·42 0·88, 2·30 0·12
Multivariate 2‡ 1·00 1·36 0·87, 2·14 1·14 0·72, 1·81 1·49 0·91, 2·44 1·57 0·93, 2·64 0·10

Processed red meat
Basic model* 1·00 0·99 0·68, 1·44 0·86 0·59, 1·25 0·77 0·53, 1·12 1·34 0·87, 2·04 0·48
Multivariate 1† 1·00 0·82 0·53, 1·28 0·73 0·47, 1·15 0·63 0·40, 0·99 1·09 0·66, 1·81 0·85
Multivariate 2‡ 1·00 1·36 0·79, 2·35 1·20 0·68, 2·13 1·07 0·61, 1·88 1·57 0·86, 2·86 0·29
Multivariate 3§ 1·00 1·30 0·75, 2·27 1·19 0·67, 2·13 1·02 0·57, 1·81 1·47 0·80, 2·69 0·41

Unprocessed red meat
Basic model* 1·00 0·74 0·52, 1·07 0·83 0·57, 1·21 0·99 0·67, 1·46 1·57 1·04, 2·35 0·004
Multivariate 1† 1·00 0·82 0·54, 1·24 0·82 0·53, 1·28 0·92 0·58, 1·44 1·43 0·89, 2·29 0·08
Multivariate 2‡ 1·00 0·98 0·62, 1·54 1·03 0·63, 1·68 0·98 0·60, 1·59 1·49 0·90, 2·46 0·12
Multivariate 3‖ 1·00 0·96 0·61, 1·52 1·01 0·62, 1·66 0·97 0·59, 1·58 1·44 0·86, 2·40 0·17

* Adjusted for the matching factors (age and area of residence).
† In addition to the basic model, adjusted for waist:hip ratio (quintiles), physical activity level (quintiles), monthly household income (quintiles plus an indicator for missing data),

history of diabetes (yes or no), history of hypertension (yes or no), smoking status (never, former or current <10, 10–20 or >20 cigarettes/d) and alcohol intake (never, former or
current tertiles).

‡ In addition to the multivariate 1, adjusted for total energy intake, fruit servings, green leafy vegetable servings, energy-adjusted chicken intake and energy-adjusted fish intake
(all in quintiles).

§ In addition to the multivariate 2, adjusted for energy-adjusted unprocessed red meat intake in quintiles (mutual adjustment).
‖ In addition to the multivariate 2, adjusted for energy-adjusted processed red meat intake in quintiles (mutual adjustment).
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Substitutions of 50 g of fish, chicken without skin or chicken
without fat, whole milk and low-fat milk for 50 g of red meat
were associated with lower odds of acute MI, especially for total
and processed red meat intakes (Fig. 2). For total red meat, the
odds were 22% lower when replaced with fish (OR 0·78; 95%
CI 0·66, 0·93), 25% lower when replaced with chicken without
skin or chicken without fat (OR 0·75; 95% CI 0·64, 0·87), 16%
lower when replaced with whole milk (OR 0·84; 95% CI 0·77,
0·92) and 15% lower when replaced with low-fat milk (OR 0·85;
95% CI 0·78, 0·93). The odds were 35% higher when replacing
total red meat with chicken with skin and fat (OR 1·35; 95% CI

1·10, 1·65). For processed red meat, the odds were 39% lower
when replaced with fish (OR 0·61; 95% CI 0·48, 0·78), 41%
lower when replaced with chicken without skin or chicken
without fat (OR 0·59; 95% CI 0·47, 0·74), 34% lower when
replaced with whole milk (OR 0·66; 95% CI 0·54, 0·79) and 34%
lower when replaced with low-fat milk (OR 0·66; 95% CI 0·55,
0·80). Replacing processed red meat with chicken with skin and
fat was not associated with the odds of acute MI (OR 1·08; 95%
CI 0·83, 1·41). For unprocessed red meat, the corresponding OR
associated with the replacements were 0·84 (95% CI 0·70, 1·01)
for fish, 1·47 (95% CI 1·19, 1·82) for chicken with skin and fat,

Table 4. Quintiles (Q) of total, processed and unprocessed red meat intakes and non-fatal acute myocardial infarction among 3130 men from the Costa
Rica Heart Study
(Odds ratios and 95% confidence intervals)

Q2 Q3 Q4 Q5

Q1 OR 95% CI OR 95% CI OR 95% CI OR 95% CI Ptrend

Total red meat
Basic model* 1·00 0·76 0·60, 0·95 0·80 0·64, 1·02 0·82 0·65, 1·02 1·29 1·03, 1·61 0·002
Multivariate 1† 1·00 0·79 0·61, 1·02 0·78 0·60, 1·01 0·82 0·63, 1·06 1·18 0·92, 1·52 0·06
Multivariate 2‡ 1·00 0·92 0·70, 1·21 0·98 0·74, 1·30 0·92 0·71, 1·21 1·19 0·92, 1·55 0·15

Processed red meat
Basic model* 1·00 0·73 0·58, 0·91 0·70 0·56, 0·88 0·80 0·63, 1·00 1·11 0·88, 1·39 0·06
Multivariate 1† 1·00 0·76 0·59, 0·98 0·73 0·56, 0·95 0·76 0·58, 0·98 1·07 0·83, 1·38 0·26
Multivariate 2‡ 1·00 0·91 0·69, 1·20 1·00 0·75, 1·34 1·01 0·76, 1·34 1·25 0·96, 1·65 0·04
Multivariate 3§ 1·00 0·91 0·69, 1·20 1·00 0·75, 1·34 1·01 0·76, 1·35 1·25 0·95, 1·65 0·04

Unprocessed red meat
Basic model* 1·00 0·96 0·76, 1·20 0·82 0·65, 1·03 0·98 0·79, 1·23 1·14 0·92, 1·43 0·13
Multivariate 1† 1·00 0·93 0·72, 1·20 0·79 0·61, 1·02 0·95 0·74, 1·21 1·05 0·82, 1·35 0·52
Multivariate 2‡ 1·00 1·15 0·87, 1·50 0·94 0·72, 1·24 1·01 0·77, 1·31 1·05 0·81, 1·36 0·97
Multivariate 3‖ 1·00 1·12 0·85, 1·48 0·93 0·71, 1·23 0·98 0·75, 1·28 1·01 0·78, 1·32 0·81

* Adjusted for the matching factors (age and area of residence).
† In addition to the basic model, adjusted for waist:hip ratio (quintiles), physical activity level (quintiles), monthly household income (quintiles plus an indicator for missing data),

history of diabetes (yes or no), history of hypertension (yes or no), smoking status (never, former or current <10, 10–20 or >20 cigarettes/d) and alcohol intake (never, former or
current tertiles).

‡ In addition to the multivariate 1, adjusted for total energy intake, fruit servings, green leafy vegetable servings, energy-adjusted chicken intake and energy-adjusted fish intake
(all in quintiles).

§ In addition to the multivariate 2, adjusted for energy-adjusted unprocessed red meat intake in quintiles (mutual adjustment).
‖ In addition to the multivariate 2, adjusted for energy-adjusted processed red meat intake in quintiles (mutual adjustment).
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Fig. 2. Non-fatal acute myocardial infarction associated with substituting 50 g of alternative sources of protein for 50 g of processed ( ), total ( ) and unprocessed ( )
red meat, based on the 2131 case–control pairs from the Costa Rica Heart Study. Values are OR and 95% CI estimated by including the numbers of servings
(standardised to 50 g) of both foods as continuous variables in the same model, which was also adjusted for waist:hip ratio (quintiles), physical activity level (quintiles),
household income (quintiles plus an indicator for missing data), history of diabetes (yes or no), history of hypertension (yes or no), smoking status (never, former or
current <10, 10–20 or >20 cigarettes/d), alcohol intake (never, past or current tertiles) and total energy intake (quintiles). Low-fat milk includes 1 and 2% milk.
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0·79 (95% CI 0·67, 0·93) for chicken without skin or chicken
without fat, 0·89 (95% CI 0·80, 0·99) for whole milk and 0·90
(95% CI 0·81, 1·01) for low-fat milk.
The estimates were fairly similar after excluding 621

participants who believed that diet was the main cause of MI
(online Supplementary Table S3). Results were essentially the
same with multiple imputations on missing income and did not
appreciably change after excluding 315 participants with missing
income or 529 participants with implausible total energy intake
(data not shown).

Discussion

Results from this population-based case–control study in the
Central Valley of Costa Rica suggest that intake of red meat,
especially processed red meat, is associated with increased odds
of non-fatal acute MI. Individuals who consume 1 serving/d
of total red meat have a 31% higher odds of developing acute
MI compared with those who consume 1·5 servings/week.
Individuals who consume 5 servings/week of processed red
meat have a 29% higher odds of acute MI compared with those
who do not regularly consume processed red meat. We did not
find an association between unprocessed red meat intake and
the odds of acute MI. The sex-stratified analysis shows that the
associations are stronger in women than in men.
To the best of our knowledge, this was the first study to

evaluate the association between total, processed and unpro-
cessed red meat intakes and acute MI in a Hispanic/Latino
population undergoing a nutrition transition towards moder-
nised dietary patterns. Because of the retrospective nature of
our study, only survivors from acute MI were included as cases.
Red meat intake is inversely associated with CVD survival in
some populations(4,8,9), so it is possible that red meat intake was
underestimated for cases in our study, which suggests that our
study may have underestimated the potential adverse effects of
red meat intake on acute MI.
Compared with other studies, most of the ones that found a

positive association between red meat intake and CVD were
conducted in developed Western countries, including the
USA(8,9,27), and some European countries such as France(28)

and Sweden(29). Evidence from those countries indicates that
processed red meat intake is associated with increased CVD
incidence and mortality, whereas unprocessed red meat intake
has weaker or no association with CVD. Associations found in
our study are similar to those observed in developed Western
countries, which may be partially due to the nutrition transition
that Costa Rica has been experiencing(11). In contrast, results
from Asian countries, where red meat consumption is sub-
stantially lower than that in the Western countries, did not find a
similar positive association between red meat intake and
CVD(30–32). The null association observed in Asian countries is
likely due to the restricted exposure distribution due to the
generally low level of red meat consumption. For example, the
highest category of processed red meat intake from studies in
Europe and the USA ranges between 1 and 3 servings/d(8–10),
whereas the highest level of processed red meat intake in
the Japanese study is comparable to 4 servings/week(30).
The medians of total red meat intake by quintiles in our study

were very close to those in the Health Professionals Follow-up
Study (1986–2008)(8), and slightly lower than but generally
comparable to those in the Nurses’ Health Study (1980–2006)(25).
The specific type of red meat consumed (e.g. beef v. pork) and
other effect modifiers such as genetics and cooking practices may
also account for the different associations observed across
populations. Substituting the same portion (50 g) of fish, chicken
(without skin or fat) and milk (high-fat and low-fat) is associated
with 34–41% lower odds of acute MI for processed red meat, and
15–25% lower odds for total red meat. Substitutions of those
alternative sources of protein for unprocessed red meat were also
inversely associated with the odds of acute MI, although to a
lesser extent than total and processed red meat. The substitution
analysis confirms that the association between red meat intake
and acute MI is driven largely by processed red meat.

Several nutrients and chemical compounds have been
hypothesised to mediate the effects of red meat intake on CVD.
Previous epidemiological studies have shown that high
systemic Fe levels were associated with increased risk of acute
MI(33–36). Animal models also found that haem Fe could
increase the risk of Fe toxicity, which might promote athero-
sclerosis through oxidative stress and endothelial dysfunction,
and cause contractile dysfunction of the heart(37). High dietary
Na intake has been found associated with elevated blood
pressure(38) and increased risk of cardiovascular events(39–41) in
several prospective cohort studies. Previous studies had
inconsistent and even opposite conclusions regarding the
association between dietary nitrate and CVD(42–44). Many
other potential mediators, such as phosphate(45) and polycyclic
aromatic hydrocarbon(46), may also be at play.

The observed association between red meat intake and acute
MI was stronger in women than in men, especially for unpro-
cessed red meat intake. Limited evidence exists regarding sex as
a potential modifier of the effect of red meat intake on CVD.
A previous sex-stratified meta-analysis of cohort studies found
that the association between unprocessed and processed red
meat intake and CVD mortality was significant in women but
not in men(4). It is unclear whether the potentially hetero-
geneous results by sex in our study are due to true physiological
differences between the sexes or simply due to the larger
random error among women (only 27% of the study sample
were women). The results were essentially the same when the
history of hypertension was not adjusted for in the models,
which either suggests that hypertension status did not
considerably confound the association when other covariates
were adjusted for, or that hypertension status may not be a
mediator of the association. However, due to the retrospective
design of the study, we were unable to ascertain the causal role
of hypertension status.

The population-based design is a strength of our study. The
comprehensive social services in Costa Rica ensured that all
persons living in the catchment area had access to medical care
regardless of their socioeconomic status. Therefore, control
subjects were unlikely to have had undiagnosed CVD because
of limited access to health care. With the help of the National
Census and Statistics Bureau of Costa Rica, we were able to
select controls directly from the source population that gave rise
to the study cases. Thus, selection bias was highly unlikely
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because sampling of controls was independent of the exposure
status. The Central Valley of Costa Rica included diverse lifestyle
and socioeconomic characteristics, so the results are also likely
to be generalisable to the target population of Hispanics/Latinos
in Costa Rica.
This study also has several potential limitations. First, the

retrospective FFQ was prone to more recall bias than prospective
dietary measurements because responses from the cases might be
modified by the knowledge of their acute MI (i.e. differential
exposure measurement error). However, between 1994 and 2004,
during the nutrition transition in Costa Rica, red meat intake was
highly unlikely to be considered by the general population as a
risk factor for CVD. Only 621 participants (14·6% of the study
sample) believed that diet was the main cause of MI, and
the estimates were essentially the same after excluding those
participants. Even if recall bias were indeed present, it would have
affected processed and unprocessed red meat intakes equiva-
lently. Thus, the lack of association between unprocessed red
meat and acute MI provided further evidence that the extent of
recall bias was not considerable. Still, due to the retrospective
nature of our study, recall bias could not be completely ruled
out, and the results must be interpreted with caution. Second,
self-reported FFQ usually have more measurement error than 24-h
recalls and diet records(47). However, FFQ are better at measuring
long-term intake, and the FFQ used in this study was developed
and validated specifically for the Costa Rican population(16,17), so
measurement error was minimised. Third, although we adjusted
for several covariates, residual confounding could still be
present as a result of imperfect covariate measurement, or failure
to measure or adjust for other important covariates, as in all
observational studies.
In conclusion, our study found that red meat intake,

especially processed red meat intake, is associated with higher
odds of non-fatal acute MI in a Hispanic/Latino population from
the Costa Rica Hear Study. The positive association is particularly
strong when total red meat intake exceeds 110g/d (1 serving/d) or
when processed red meat intake exceeds 36g/d (5 servings/
week). The associations between total, processed and unpro-
cessed red meat intake and acute MI are stronger in women than
in men. The potential adverse effect of red meat intake on CVD in
developing Hispanic/Latino countries is of great concern as it is
projected that red meat consumption will continue to increase in
those countries(1–3). Based on our results, we further hypothesise
that the increased CVD incidence in Costa Rica and other
developing Hispanic/Latino populations could partially be
attributed to the increased consumption of red meat resulting from
the nutrition transition. Future studies with prospective and long-
itudinal measures of dietary intake are warranted in developing
Hispanic/Latino countries that are currently transitioning to a
Westernised diet.
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