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Abstract

Background Nuts consumption is related to cardioprotective effects on primary cardiovascular prevention, but stud-
ies conducted in secondary prevention are small, scarce and controversial. The objective of this trial was to evaluate
the effects of a regional and sustainable cardioprotective diet added or not with an affordable mixed nuts on cardio-
metabolic features in patients with previous myocardial infarction.

Methods DICA-NUTS study is a national, multi-center, and superiority-parallel randomized clinical trial. Males

and females over 40 years old diagnosed with previous myocardial infarction in the last 2 to 6 months were included.
Patients were allocated into two groups: the Brazilian Cardioprotective diet (DICA Br) supplemented with 30 g/day

of mixed nuts (10 g of peanuts; 10 g of cashew; 10 g of Brazil nuts) (intervention group, n=193); or only DICA Br
prescription (control group, n=195). The primary outcome was low-density lipoprotein cholesterol means (in mg/dL)
after 16 weeks. Secondary outcomes were other lipid biomarkers, glycemic and anthropometric data and diet quality.
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Results After adjustment for baseline values, participating study site, time since myocardial infarction and sta-

tin treatment regimen (high potency, moderate and low potency/no statins), no significant difference was found
between the groups in low-density lipoprotein cholesterol concentrations (intervention-control difference: 3.48 mg/
dL [-3.45 to 10.41], P=0.32). Both groups improved their overall diet quality at the end of the study without differ-
ences between them after 16 weeks (intervention-control difference: 1.05 (-0.9 to 2.99); P=0.29). Other lipids, glyce-
mic profile and anthropometrics were also not different between study groups at the end of the study.

Conclusion Adding 30 g/day of mixed nuts to the DICA Br for 16 weeks did not change lipid, glycemic and anthro-

pometric features in the post-myocardial infarction setting.

Trial registration This study is registered on ClinicalTrials.gov website under number NCT03728127 and its World
Health Organization Universal Trial Number (WHO-UTN) is UT111-1259-8105.

Keywords Myocardial Infarction, Diet, Healthy, Nuts, Cholesterol, LDL, Randomized Controlled Trial [Publication Typel]

Introduction

Ischemic heart diseases (IHD), such as myocardial
infarction (MI), are the leading cause of death world-
wide [1]. Although IHD mortality rates have progres-
sively decreased due to advances in treatment, the
prevalence of cardiovascular risk factors (e.g., high cho-
lesterol, high body mass index [BMI], type-2 diabetes
mellitus [T2DM]) are increasing, suggesting a stagnat-
ing of recent progress [1]. Lifestyle changes are an inte-
gral component for the management of cardiovascular
disease (CVD) risk factors, including in secondary pre-
vention for patients with IHD [2, 3]. Higher diet quality
is associated with lower CVD risk [4]. In this sense, diet
quality is an essential lifestyle component to manage
risk factors and to reduce the recurrence of cardiovas-
cular events [5, 6].

Although most clinical trials have focused on primary
cardiovascular prevention [7-10], it has been shown
that the Mediterranean diet (MedDiet) improves car-
diometabolic features and reduces major cardiovascu-
lar events among IHD patients [11, 12]. However, in a
head-to-head comparison with other dietary patterns
or minimal intervention, MedDiet showed no signifi-
cant effect on cardiovascular risk factors in the sec-
ondary cardiovascular prevention setting [13]. Still,
adherence to MedDiet is crucial to obtain such ben-
efits, but not always feasible, affordable or culturally
appropriate. The Brazilian Cardioprotective Diet (Dleta
CArdioprotetora Brasileira; DICA Br) consists of a sus-
tainable and culturally adapted dietary prescription
combined with nutritional recommendations for IHD
prevention [14]. On a large multicenter randomized
clinical trial conducted among Brazilians with estab-
lished IHD in the last ten years, the DICA Br improved
adherence to a healthful diet but had no effect on lipids,
body weight, and glycemic profile [15]. Thus, the DICA
Br might be a feasible strategy to promote higher diet

quality among individuals with IHD, but further inves-
tigation on its cardiometabolic effects is needed. In
addition, the original DICA Br tool focuses on the pre-
scription of food groups instead of specific foods that
may be linked to cardiometabolic benefits.

Nuts are a key component of a heart-healthy dietary
pattern and their consumption is recommended by
guidelines for secondary cardiovascular prevention,
despite most evidence were based on observational
studies [16, 17]. Nuts are high in monounsaturated
fatty acids (MUFA) and polyunsaturated fatty acids
(PUFA), L-arginine, dietary fiber, tocopherols, poly-
phenols, phytosterols and minerals, which synergize to
positively influence metabolic and vascular pathways
related to cardiovascular health [18]. However, rand-
omized trials that evaluated the effects of different nuts
on lipids [19, 20], glycemic control [21, 22] and anthro-
pometric measures [21, 23] report mixed results and
effects among individuals with established IHD are lim-
ited, mainly outside the MedDiet context.

The aim of this multicenter clinical trial was to
evaluate the effects the DICA Br added with 30 g/day
of mixed nuts on lipids, glycemic profile, and anthro-
pometric indexes in comparison to the DICA Br with-
out nuts supplementation. The primary outcome was
the difference in low-density lipoprotein cholesterol
(LDL-c), given its well-established role as a marker for
the progression of IHD related to the destabilization of
atherosclerotic plaques, exacerbation of cardiac remod-
eling post-MI [24], and the recurrence of MI and other
cardiovascular events [25]; additionally, the manage-
ment of individuals in secondary prevention for CVD
is guided by LDL-c concentrations [16, 17]. Secondary
outcomes were differences in the means of other lipids,
glycemic features, anthropometric measures and diet
quality at 16 weeks. We hypothesized that the DICA
Br supplemented with mixed nuts would improve these
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cardiometabolic outcomes among patients who suf-
fered a MI within 2 to 6 months.

Materials and methods

Study design and ethical approval

The study protocol has been previously published in
detail [26]. Briefly, it is a national, multi-center, and supe-
riority-parallel (1:1 allocation rate) randomized clini-
cal trial conducted in Brazil and led by Hcor Research
Institute (IP-Hcor, Sdo Paulo, Brazil). This study is reg-
istered on the ClinicalTrials.gov website under number
NCTO03728127 and its World Health Organization Uni-
versal Trial Number (WHO-UTN) is U1111-1259-8105.
All procedures complied with the ethical human research
principles. Hcor Institutional Review Board approved the
study and at each participating site as well. All partici-
pants signed a consent form before inclusion in the trial,
which was administered by a trained researcher.

Participants

Inclusion criteria were age >40 years and medical diag-
nosis of ST-Elevation MI (STEMI) or non-STEMI
according to The Joint Task Force on Universal Defini-
tion for MI [27] within 2 to 6 months of the event. This
window was chosen because biochemical markers may
be altered up to 2 months after the MI and cardiac reha-
bilitation generally begins within 6 months of the event.
Exclusion criteria were: coronary artery bypass graft
(CABG) surgery scheduled during the intervention (in
the upcoming 16 weeks); acquired immunodeficiency
syndrome; chronic inflammatory diseases and chronic
use of anti-inflammatory, immunosuppressive, and/or
anticonvulsant medications; pregnancy or breastfeeding
women; drug and alcohol abuse (alcoholism); physical
disabilities that may impair anthropometric assessment;
BMI > 40 kg/m? history of allergy to nut intake; dietary
use of nutritional supplements; participation in other
clinical trials whose intervention may interfere with out-
comes. Regular consumers of nuts/seed oils (>3 times a
week) were not included in the study.

Participants identified in Hemodynamic Services, out-
patient cardiology clinics, or during hospitalization were
invited to participate in the study, provided all eligibility
criteria were met. Outpatients who volunteered for the
trial were also included [26].

Randomization and blinding

Randomization was centralized at the following web-
site: http://dicanuts.hcor.novatela.com.br. The allocation
sequence was 1:1, generated via validated software with
random permuted blocks and stratification according
to the study site. Investigators had to access the study
website, fill in the electronic case report form (CRF) and
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confirm eligibility criteria to be granted access to rand-
omization. Both participants and dietitians responsible
for study visits were not blind to the interventions. Statis-
ticians and staff involved with biochemical samples eval-
uation were blinded to the intervention groups [26].

Study interventions

Participants were allocated to one of two groups: 1) the
DICA group (control) or 2) the DICA-NUTS group
(intervention). Both groups received the DICA Br pre-
scription, which was previously published in detail [14,
15, 26]. This nutrition strategy is based on nutritional
recommendations feasible for the Brazilian population;
DICA Br composition allows for the easy access and full
use of foods, in addition to the prioritization of regional
foods and receipts that are culturally accepted [26]. The
prescribed calorie (Kcal) range was determined by BMI
status and individual goal for weight maintenance (nor-
mal weight), weight loss (excess body weight) or weight
gain (underweight). Following each caloric range,
patients were advised to the number of foods they were
allowed to consume for each food group (green, yellow
and blue; these colors are those of the Brazilian flag). For
example, the 1400 kcal range is composed by 9 portions
from the green group, 6 portions from the yellow group
and 2 portions from the blue group.

Briefly, foods in the green group are rich in vitamins,
minerals, and dietary fibers and have a low energy den-
sity, saturated fatty acids (SFA), and dietary sodium con-
tent; the yellow group is mainly composed of foods rich
in carbohydrates and vegetable fats; and the blue group
is comprised of animal sources of proteins, with a higher
content of dietary sodium, cholesterol, SFA, and high
energy density. Consumption of ultra-processed foods
(red group) was discouraged among all participants, who
also received a handbook with information about the
DICA Br, group composition and portions size. More
details regarding the DICA Br approach and a list of
foods included in each group (green, yellow, blue, and
red) are provided in the Supplemental Material (Meth-
ods I), and an example of the DICA Br prescription was
shown in the study protocol [26].

Since nuts originally belong to the yellow group and
mixed nuts were being supplemented in our trial, the
DICA-NUTS group was advised not to consider them
when counting the yellow group. However, mixed nut
supplementation was included in diet quality scoring.
Participants in this group were provided with 30 g/day of
an affordable mixed nuts (10 g of toasted cashews, 10 g of
raw and peeled peanuts and 10 g of raw Brazil nuts — all
unsalted) and were allowed to eat them at any time dur-
ing the day; the size of the portion (30 g/day) was chosen
based on previous guidelines for MI management [16].
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Participants were also advised to not share mixed nuts
received with family members or other people. At each
visit, participants received a monthly supply of mixed
nuts that were individually portioned for daily consump-
tion. Participants also received guidance regarding nuts
storage at monthly pickups. Empty bags were returned
to study coordinators on the next visit to assess compli-
ance. The DICA group was discouraged from consuming
any type of nuts during the duration of the study. Energy
content, centesimal composition, fatty acid profile, and
mineral content of the mixed nuts provided in this trial
were previously published [26]. The phenolic content of
all nuts offered and the methods for its identification and
quantification can be found in the Supplemental Material
(Methods II).

Both groups were counseled about following DICA Br
prescription at each study visit to improve adherence and
advised to not change their physical activity levels. An
example of dietary prescription for both DICA-NUTS
and DICA groups including dietary composition and
food servings according to DICA Br color groups was
previously published as well [26]; diets were not isoca-
loric between intervention and control groups.

Data collection and follow-up

All variables and procedures collected/performed during
DICA-NUTS trial and in each study visit were previously
described in detail [26]. In short, participants attended
a total of 5 visits (baseline, 4, 8, 12 and 16 weeks). At
the baseline visit, participants provided data regarding
demographic information, socioeconomic and educa-
tional status, smoking, alcohol consumption, physical
activity, and medical history, including self-reported pre-
vious diagnoses. At each visit, participants were asked
to inform study coordinators about medications in use
and/or changes related to the previous visit — due to
the higher likelihood of medication changes within the
60—180 days post-MI window, which could consequently
influence study outcomes — and occurrence of adverse
events. Body weight, waist and hip circumferences were
also measured at each visit.

Diet assessments were performed using 24-h dietary
recall and a quantitative food frequency questionnaire
(FFEQ) previously validated to the Brazilian population—
already defined in the study protocol [26]. A FFQ was
given at the initial and last visit whereas 24-h recalls were
applied at each study visit. Dietary data were recorded
in a specific software site (Sistema Vivanda de Alimen-
tagao®, Sao Paulo, Brazil). Diet quality was evaluated
using the modified Alternative Healthy Eating Index
(mAHEI) [28], which ranges from 0 to 70 points. Adher-
ence to the dietary prescription was assessed using
the BALANCE Dietary Index (BALANCE DI) [29],
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specifically validated for DICA Br evaluation, which
ranges from 0 to 40 points. Both mAHEI and BALANCE
DI were calculated from 24-h dietary recalls. Records
with implausible energy intake according to the crite-
ria<500 and >4000 kcal/day were excluded, and macro
and micronutrients were adjusted for total energy intake
according to the residual method [30].

Biochemical analyses

Blood samples were obtained after 12 h of overnight fast
during the first and last visits. Biochemical assessment
was carried out according to standardized techniques
by the clinical analysis laboratories referenced for each
center site. Total cholesterol (TC; mg/dL), high density
lipoprotein-cholesterol (HDL-c; mg/dL), triglycerides
(TG; mg/dL), fasting plasma glucose (FG; mg/dL), fast-
ing insulin (FI; mU/L), glycated hemoglobin (HbAlc;
%), and serum creatinine (Cr; mg/dL) were obtained
directly from blood samples. LDL-c (mg/dL), very low-
density lipoprotein-cholesterol (VLDL-c; mg/dL), non-
HDL (NHDL-c; md/dL), ratios between lipids, estimated
glomerular filtration rate (eGFR, mL/min/1.73 m?) and
homeostatic model assessment for insulin resistance
(HOMA-IR) were obtained by specific mathematical for-
mulas [26].

Outcomes

The primary outcome was difference in mean LDL-c
at 16 weeks between the DICA-NUTS and the DICA
groups. Secondary outcomes were differences in the
means of other lipid/lipoproteins, glycemic features,
anthropometric measures and diet quality at 16 weeks.

Sample size

The sample size was estimated at 352 participants with a
power of 80% to detect a minimum difference of 6 mg/dL
in LDL-c between groups, with two-tailed alpha of 5%,
based on the BALANCE study [15]. Adding 10% consid-
ering possible dropouts, the final sample size consisted of
388 individuals.

Statistical analysis

Continuous variables with a normal distribution were
reported as means and standard deviation (SD). Variables
with non-normal distributions were reported as medi-
ans and interquartile ranges (IQR). Categorical variables
were summarized as frequencies. Comparisons between
groups regarding baseline data were made using the
Student’s t-test (for variables with normal distribution),
the Mann—Whitney test (for variables with non-normal
distribution), or Fisher’s exact test (for categorical vari-
ables). The main analysis followed the intention-to-treat
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principle with the assumption that missed follow-up vis-
its were missing at random.

The missing values for the outcomes (lipid profile, gly-
cemic profile, and anthropometric data) at the target visit
were imputed with the multiple imputation technique by
Gibbs sampling with the chain equation method consid-
ering 100 datasets [31]. The imputation process consid-
ered the intensity of statin treatment (high, moderate, or
low intensity/no statin) at baseline and outcomes values
observed at previous visits, as well as factors such as sex,
age, and time since the diagnosis of MI. To evaluate dif-
ferences between groups in outcomes related to lipid
profile, ANCOVA models adjusted for baseline values of
the assessed outcome, study site, time of MI diagnosis,
and statin treatment intensity at baseline. Similar adjust-
ments were applied to the glycemic profile outcomes,
with the additional inclusion of the baseline variable rep-
resenting the use of glucose-lowering drugs in the model.
For anthropometric measurements, BALANCE DI, and
mAHEI collected at baseline, 4, 8, 12, and 16 weeks, an
analysis over time was conducted using generalized esti-
mating equations (GEE) based on the data distribution
adjusted for sex, age, and time since the diagnosis of MI.
Sensitivity analysis including only participants with com-
plete data at baseline and at 16 weeks were conducted.

Analyzes of pre-specified subgroups were also
performed: sex (man vs. woman), age (>60 vyears
vs. <60 years), type of MI (STEMI vs. non-STEMI), pre-
vious diagnosis of stroke, T2DM, hypertension and dys-
lipidemia (yes vs. no), previous angioplasty and previous
revascularization surgery (yes vs. no) and statin treat-
ment regimen (high potency vs. moderate potency vs.
low potency/no statins).

For all analyses, statistical tests were conducted with a
two-sided significance level of 5%, and the effects, along
with their corresponding 95% confidence intervals (CI),
were estimated. The analyses were performed utilizing R
software, version 4.3.2 (R Foundation for Statistical Com-
puting). Regarding secondary outcomes, it is imperative
to acknowledge that the potential for type I error result-
ing from multiple comparisons was not adjusted for. Con-
sequently, these outcomes should be interpreted in the
context of exploration rather than definitive inference.

Changes in study protocol due to COVID-19 pandemic

Due to the timeframe related to the data collection, our
study was impacted by the coronavirus 2019 (COVID-
19) pandemic. We implemented changes to our protocol
aimed at adhering to government recommendations for
reducing and controlling infections related to COVID-
19, and also those to mitigate risks to trial integrity [32].
As the initial and final consultations included biological
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samples, patients who were willing to collect it came in
person to the laboratory or collected at home. However,
patients were scheduled with greater space between
appointments to reduce the circulation of people. Besides
blood samples, researchers also performed anthropomet-
ric measures and patients received a video call to finish
completing the questionnaires that did not require their
physical presence (such as FFQ and 24-h recalls). Inter-
mediate consultations (visits 2, 3 and 4) were carried out
remotely via video call. Patients allocated to the DICA-
NUTS group received the kit with mixed nuts at their
homes through a delivery person hired for this purpose.

Results

Recruitment and participant characteristics

Between January 2019 and August 2021, 885 individuals
were screened. Among them, 497 were excluded because
they did not meet the inclusion criteria or had no inter-
est in participating in the study (Fig. 1). In total, 388
males and females who were diagnosed with a previous
MI were included in 9 centers distributed in four Brazil-
ian regions (South, Southeast, Midwest and Northeast),
193 were randomized to the intervention group (DICA-
NUTS) and 195 to the control group (DICA). Follow-up
period ended in December 2021.

Table 1 presents baseline participants characteristics.
Participants were predominantly male (72.2%) and white
(65.5%). Additionally, 58.6% of participants were classi-
fied in lower socioeconomic strata based on self-reported
household income, which was at or below 2 minimum
wages. The mean age was 59.4+9 years and the mean
time since infarction diagnosis was 106.4+36 days. In
general, characteristics were balanced between the two
groups; however, a greater proportion of individuals
in higher economic strata were allocated to the DICA-
NUTS group, and participants allocated to the control
group were younger. Nevertheless, no statistical differ-
ences were found between study groups regarding base-
line characteristics.

Table S1 (Supplementary Material) shows the
drugs used by both groups at baseline and at the end
of the study. In total, 96% of the participants were in
some statin treatment regimen at the beginning of
the trial, being 94% in use of moderate to high inten-
sity schemes. Table S2 in the Supplementary Material
describes the proportion of participants in both groups
who achieved the therapeutic targets for lipid profile
recommended by Brazilian guidelines for individuals at
high cardiovascular risk [33]. The overall proportion of
participants who were at target for LDL-c (<50 mg/dL)
remained consistent throughout the study (baseline:
8.3%; end of study: 8.2%).
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Enrollment Assessed for eligibility (n= 885)

Excluded (n=497)
Not meeting inclusion criteria (n=379)
286 with no MI in the last 60 to 180 days
20 chronic inflammatory diseases
19 aged < 40 years
18 illicit drugs use or alcoholism
15 cancer in treatment
12 AIDS
12 chronic use of anti-inflammatory,
immunosuppressive and/or anticonvulsants drugs
8 participation in another clinical trial
8 physician advised to not participate in the
study
7 using dietary supplements
5 CABG scheduled
4 impossibility of anthropometric assessment
4 BMI > 40 kg/m2
4 history of allergy to oilseeds
Declined to participate (n=118)

Randomized (n=388)

v

i [ Alocaion ] i

DICA-NUTS group (n= 193)
Received allocated intervention (n= 193)

DICA group (n=195)
Received allocated intervention (n= 195)

Lost to follow-up (n= 20)
18 unable to attend study visits
1 death
1 withdraw consent after
randomization
Discontinued intervention due to break of
eligibility (n=1)

Lost) to follow-up (n=22)
19 unable to attend study visits
2 death
1 hospitalization
Discontinued intervention due to break of

v

Analyzed according to ITT (n=193) Analysis Analyzed according to ITT (n= 195)

eligibility (n=1)

Fig. 1 DICA-NUTS study flowchart. MI: myocardial infarction; AIDS: acquired immunodeficiency syndrome; CABG: coronary artery bypass graft

surgery; BMI: body mass index; ITT: intention-to-treat

Retention and adherence

All participants received the interventions according
to the allocation group. The DICA-NUTS group had 20
losses to follow-up (18 absences from final consultations
and loss of contact, 1 withdrawal of post-randomization
consent form and 1 death) and one discontinuation of
the intervention due to lack of eligibility (protocol devia-
tion). The DICA group had 22 losses to follow-up (19
absences from final consultations and loss of contact,
1 hospitalization and 2 deaths) and one discontinua-
tion of the intervention due to lack of eligibility. Thus,
173 (89.6%) patients in the intervention group and 173
(88.7%) patients in the control group completed the
follow-up. All participants were included in the final

intention-to-treat outcome analysis. Figure 1 presents the
study flowchart.

The proportion of participants with low levels of
physical activity was lower among study completers in
comparison to those who did not complete the study
(Supplementary Table S3). There were no differences in
baseline characteristics according to the study groups
among participants who did not complete the study
(Supplementary Material Table S4).

Overall visit attendance rates (in-person or online)
were 91% at visit 2, 87.4% at visit 3, 85.3% at visit 4, and
89.2% at visit 5 (final), with no differences between groups
(P values >0.18). Among participants in the DICA-NUTS
group, 79.8% consumed all of the daily portions of nuts
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Table 1 Baseline characteristics of study participants

Page 7 of 15

DICA-NUTS group

DICA group

Male sex—no./total no. (%)
Age, in years, mean (SD)
Race—no./total no. (%)
White
Black
Multiracial
Other race
Family status—no./total no. (%)
Married
Other
Scholarity (in years of study)—no./total no. (%)
<5 years
5to<8years
8to< 11 years
11 to< 15 years
>15 years
Number of minimum wages—no./total no. (%)*
>2
<2
Current smokers—no./total no. (%)
Alcohol consumption, in g/day, median (IQR)
Physical activity—no./total no. (%)
Sedentarism/low levels
Moderate/high levels
Time of diagnosis of MI, in days, mean (SD)
ST-Elevation Ml—no./total no. (%)°
non-ST-Elevation Ml—no./total no. (9%)°
Treatment post-event—no./total no. (%)
Clinical treatment
Angioplasty
Angioplasty with stent
Surgery (bypass)
Statin treatment regimen—no./total no. (%)
No statin/low intensity
Moderate intensity
High intensity
Other drugs in use—no./total no. (%)
Antihypertensive
Antiplatelet
Glucose-lowering drugs
Insulin
Previous medical diagnosis—no./total no. (%)
Dyslipidaemia
Hypertension
Type 2 diabetes mellitus
Stroke

Glomerular filtration rate, in mL/min/1.73m? median (IQR)

143/193 (74.1)
60.3 (9.7) (n=193)

134/193 (69.4)
21/193 (10.9)
35/193 (18.1)
3/193(1.6)

114/193 (59.1)
79/193 (40.9)

34/191 (17.8)
34/191 (17.8)
25/191 (13.1)
58/191 (304)
40/191 (20.9)

91/191 (47.7)
100/191 (52.4)
14/191 (7.3)
0(0—")

68/191 (35.6)
123/191 (64.4)
104.2 (34.9) (n=193)
105/187 (56.2)
82/187 (43.9)

17/193 (8.8)
19/193 (9.8)
151/193 (78.2)
6/193 (3.1%)

9/191 (4.7%)
109/191 (57.1%)
73/191 (38.2%)

184/191 (96.3%)
185/191 (96.9%)
57/191 (29.8%)
20/191 (10.5%)

72/191 (37.7)

123/191 (64.4)
62/191(32.5)

10/191 (5.2)

75.3 (64—88.7) (n=188)

137/195(70.3)
584(9.1) (n=195)

120/195 (61.5)
23/195(11.8)
45/195 (23.1)
7/195 (3.6)

109/195 (55.9)
86/195 (44.1)

38/193 (19.
41/193 (21.
30/193 (1
52/193 (2
(

7)
2)
5.5)
6.9)
32/193 (16.6)
68/193 (35.2)

125/193 (64.8)
23/193(11.9)

0(0—0)

59/193 (30.6)
134/193 (69.4)

108.7 (36.1) (n=195)
116/187 (62)
71/187 (38)

25/195(12.8)
18/195 (9.2)
148/195 (75.9)
4/195 (2.1%)

16/193 (8.3%)
101/193 (52.3%)
76/193 (39.4%)

187/193 (96.9%)
186/193 (96.4%)
40/193 (20.7%)
17/193 (8.8%)

84/194 (43.3)

116/194 (59.8)

49/194 (25.7)

12/194 (6.2)

77.8 (66.1—92.9) (n=190)

MI Myocardial infarction, SD Standard deviation, QR Interquartile range
2 One Brazilian minimum wage represents US$ 285.00. Classification was based on self-reported household income

b Obtained from medical records
¢ Self-reported
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offered for the period according to the count of empty
individual packages at visit 2; for visits 3, 4 and 5, these
proportions were, respectively: 81.6%, 76.6% and 78%.
In the control group, the contamination rates (number
of participants who consumed nuts during the period)
for visits 2, 3, 4 and 5 were 24%, 15.2%, 13.5% and 14.2%,
respectively. The median number of days nuts were con-
sumed during the control group ranged from 1.5 days per
month (IQR 1 — 4, visit 5) to 2 days per month (IQR 1 —
6, visit 2).

Both groups showed an increase in the BALANCE D],
indicating improved adherence to DICA Br at the end of
the study (Table S5, Supplementary Material); however,
there was no difference between groups (intervention-
control difference: 0.11 [-1.65 to 1.86], P=0.91). The
DICA-NUTS group had a higher score in the yellow cat-
egory than the control group after 16 weeks of interven-
tion (intervention-control difference: 0.86 [0.13 to 1.58],
P=0.02). In Table S6 of the Supplementary Material,
macro and micronutrients intake according to the groups
at the beginning and end of the study are described.

Primary outcome

Table 2 shows the primary outcome after 16 weeks of fol-
low-up according to the DICA-NUTS and DICA groups.
After adjustment for baseline values, participating study
site, time since MI and statin treatment regimen (high
potency, moderate and low potency/no statins) at base-
line, no significant difference was found between the
groups in LDL-c concentrations (intervention-control
difference: 3.48 mg/dL [-3.45 to 10.41], P=0.32).

Secondary outcomes

There was no difference between the groups in other
lipids/lipoproteins, glycemic features and anthropomet-
rics after follow-up (Table 2).

Diet quality scores for the mAHEI are described in
Table 3. Both groups improved their overall mAHEI score
at the end of the study; however, there was no difference
between groups after 16 weeks (intervention-control dif-
ference: 1.05 (-0.9 to 2.99); P=0.29). As expected, the
DICA-NUTS group had higher scores in the “nuts and soy
protein” component compared to the DICA group (inter-
vention-control difference: 1.64 [0.77 to 2.52], P<0.00).

Adverse events

Table S7 (Supplementary Material) describes the main
adverse events identified during the study, for each
group. Approximately 22% of participants experienced
at least one adverse event. The most frequent interven-
tion-related adverse event was diarrhea, reported by 11
participants (2.8%). Regarding the occurrence of seri-
ous adverse events unrelated to the intervention, 14
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participants in the DICA-NUTS group (7.3%) and 18 in
the DICA group (9.2%) had some cardiovascular event
(new MI, angina, hospitalization) during the study
period. No statistical difference between groups was
detected regarding occurrence of adverse events.

Subgroup and sensitivity analyses

Sensitivity analyses including only participants with com-
plete data from both groups (Table S8, Supplementary
Materials) did not alter the findings for lipids/lipopro-
teins, glycemic profile, or anthropometrics. Analysis of
pre-specified subgroups also did not indicate differences
on LDL-c (primary outcome) according to sex (man
vs. woman), age (>60 years vs.<60 years), type of MI
(STEMI vs. non-STEMI), previous diagnosis of stroke,
T2DM, hypertension and dyslipidemia (yes vs. no), pre-
vious angioplasty and previous myocardial revasculari-
zation (yes vs. no), and statin treatment regimen (high
potency vs. moderate potency vs. low potency/no statins)
(Fig. 2).

Discussion
This multicenter randomized clinical trial was aimed at
evaluating the effects of the DICA Br prescription and
30 g/daily of mixed nuts on LDL-c concentrations among
MI patients after 16 weeks. In this trial, there was no sig-
nificant difference in LDL-c concentrations between the
DICA-NUTS and the DICA groups. Other lipids, glyce-
mic profile, anthropometrics and diet quality were also
similar between groups. Overall, the addition of nuts
to a healthful dietary pattern had similar effects on car-
diometabolic markers and diet quality among individuals
that have suffered an MI within the previous 2—6 months.
While nut consumption has been shown to improve
cardiometabolic factors [34—36] in primary cardiovascu-
lar prevention [37, 38] similar effects among populations
in secondary prevention for CVD are conflicting. In Bra-
zilians with IHD who consumed one Brazil nut per day
(approximately 5 g) for three months, there were no dif-
ferences in fasting blood glucose [22] or lipid profile [39]
at the end of the follow-up compared to the group that
did not consume nuts. In another population of Brazilians
with stable IHD, consumption of 30 g/day of pecan nuts
for three months decreased body mass (-0.9 kg) compared
to the control group (healthy diet without nuts) [21].
Among Iranians with stable IHD who consumed between
39 and 60 g/day of a mix of nuts (roasted unsalted pista-
chios, almonds, and peanuts) added to an isoenergetic
hypocaloric diet, there was no difference in BMI and waist
circumference in relation to the control group (only low-
calorie diet) after 8 weeks [23]. The consumption of pecan
nuts for 90 days also did not change LDL-c concentrations
in Brazilians [19], as did the consumption of 85 g/day of
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Table 2 Primary and secondary biochemical outcomes at baseline and after 16 weeks of follow-up according to study groups

DICA-NUTS (n=193) DICA (n=195) Between-group
mean difference
Baseline Final Final adjusted Baseline Final Final adjusted (95% CI)
Primary outcome
LDL-c, mg/dL 879(323) 927(353) 93.98(89.21;98.75)° 923(337) 914(363) 90.21 (85.57; 94.86)° 3.77(-2.9;1043)
Secondary outcomes
Total cholesterol, 1534 (404) 159.5(42.6) 160.85 (155.54; 158 (40) 1579 (41.5) 156.56 (151.34; 429 (-3.18;11.76)
mg/dL 166.15)° 161.77)°
HDL-c, mg/dL 41.1 (9.5 419(103)  41.88(40.72; 43.05)° 409 (10) 41.7 (10.3) 4169 (40.52; 42.87)° 0.19(-1.51; 1.89)
VLDL-c, mg/dL 295(159)  299(167)  30.12(27.72;32.51)° 29.8(14.5)  30.1(19.6) 29.8 (27.24;32.37)° 0.31(-3.19;3.82)
Non-HDL-c, mg/dL 1124(39.1) 1176(41.7) 11897 (113.69; 117.1(38.1) 1163 (40.59) 114.86 (109.69; 4.11(-3.31;11.53)
124.25)° 120.02)°
TC/HDL-c ratio 39(1.2) 4(13) 401 (3.85;4.17)° 4(1.2) 4(13) 3.92 (3.76; 4.08)° 0.09 (-0.14;0.32)
LDL-c/HDL-c ratio 2209 23(1) 237(2.23;25° 24(1) 23(1.1) 228 (2.15;2.42)° 0.08 (-0.11;0.28)
Triglycerides, mg/dL  147.3(79.3) 149.3(83.5) 150.58(138.58; 149.1 (72.5) 150.3(98.2) 149.02 (136.18; 1.56 (-15.97; 19.08)
162.57)° 161.86)°
Triglycerides/HDL-c 3.9 (2.5) 39(26) 3.92 (3.55;4.28)° 39(23) 3931 3.89 (3.51;4.28)° 0.03 (-0.5; 0.56)
ratio
Glycated hemo- 6.4 (14) 6.4 (1.6) 6.32(6.17;6.47)° 6.3(13) 6.3(1.6) 6.4 (6.24;6.55) -0.08 (-0.29; 0.14)
globin, %
Fasting glucose, 1156 (42.8) 117.6(52.1) 116.06(110.79;121.32)° 112.9(39.7) 1139 (46.8) 11541 (110; 120.83) 0.64 (-6.88;8.17)
mg/dL
Fasting insulin, mU/L  15.6 (22.5) 146 (21.5) 13.89(11.37;16.41)° 136 (12.7) 153(17.7) 15.98 (13.4;18.55)¢ -2.08 (-5.72; 1.55)
HOMA-IR 4.8 (8.5) 4.5 (84) 4.17 (3.25;5.1)° 39(43) 44 (6) 4.7 (3.73; 5.66) -0.52 (-1.87;0.82)
Body weight, kg 78 (14.7) 779(144) 7805 (76.05; 80.06) 779(156)  774(154) 77.24 (75.02; 79.45)4 0.82(-2.19;3.82)
Body mass index, 285 (4.3) 285 (4.2) 2851 (27.89;29.13)¢ 283 (4.5) 28.2 (4.6) 2817 (27.51;28.82)¢ 0.35 (-0.56; 1.25)
kg/m?
Waist circumference, 986 (113)  97.8(109)  97.86 (96.22; 99.50) 973(115) 963(11.2) 96.26 (94.58; 97.94)¢ 1.6 (-0.77;3.97)
cm
Waist-to-hip ratio 098 (0.08) 097 (0.09) 0968 (0.954; 0.982)" 0.97(0.08)  0.96 (0.08) 0.957 (0.943;0971)¢ 0.011 (-0.01;0.03)
Waist-to-height ratio 060 (0.07) 059 (0.07)  0.593 (0.583; 0.604) 0.59(0.07)  0.58(0.07) 0582 (0.573;0.592)¢ 0.011 (-0.003; 0.03)

Data presented as means (SD) and means (95% confidence interval)

TCTotal cholesterol, LDL-c Low-density lipoprotein cholesterol, HDL-c High-density lipoprotein cholesterol, VLDL Very low-density lipoprotein cholesterol, HOMA-IR

Homeostatic Model Assessment for Insulin Resistance
@ DICA-NUTS - DICA group mean difference at 16 weeks

b Analysis of covariance adjusted by baseline values, study site, time of myocardial infarction diagnosis, and statin treatment intensity at baseline (high, moderate, or

low intensity/no statin)

¢ Analysis of covariance adjusted by baseline values, study site, time of acute myocardial infarction diagnosis, using lowering-glucose drugs (yes or no) and statin

treatment intensity at baseline (high, moderate, or low intensity/no statin)

d Generalized estimating equations adjusted by baseline values, study site, time of myocardial infarction diagnosis, statin treatment intensity at baseline (high,

moderate, or low intensity/no statin) and considering data from visits 2, 3 and 4

almonds among Americans [40]. Consumption of 10 g/
day of almonds for 12 weeks reduced LDL-c concentra-
tions (-~40%) from baseline to a greater extent than the
control group (- ~10%) in Pakistanis with a history of IHD
[20]. A series of methodological differences likely explain
the conflicting results, such as the small number of par-
ticipants included in the trials; the lack of standardization
of control groups; the different quantities and type of nuts
offered, different follow-up times; different study designs
(parallel vs. crossover clinical trials); and the reporting of
outcomes that were not considered primary. This trial did
not show differences in cardiometabolic markers when

providing nuts and guidance on a healthful dietary pattern
versus guidance alone among individuals 2—6 months fol-
lowing an MI. The degree of IHD in our participants may
partly explain the differences in effect, as IHD presents
with various clinical manifestations [41]. Unlike other
trials that evaluated nut consumption in a secondary
prevention setting, we specifically chose the rehabilita-
tion phase following MI to test our intervention. Further
research is needed to understand at what stage of IHD the
addition of nuts may affect cardiometabolic markers or if
more aggressive nutritional interventions are needed to
support patient care.
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DICA-NUTS

DICA

Between-group
mean difference
(95% CI)®

Ratio of fish/(meat +eggs)

Baseline 0.6(2.3) (n=190)

Final 05(1.9) (n=171)

Final (adjusted)® 041(0.11;0.71)
Vegetables

Baseline 2.8(3) (h=190)

Final 3.1 3) (h=171)

Final (adjusted)® 3.02 (2.54;3.5)
Fried foods

Baseline 8.2 (3.45) (n=190)

Final 8.5(3.12) (h=171)

Final (adjusted)®
Fruits

8.37 (7.84;8.9)

Baseline 4.1 (3.67) (n=190)

Final 5(3.58) (n=171)

Final (adjusted)® 532 (4.68;5.96)
Whole grains

Baseline 3(3.95) (n=190)

Final 32(389) (h=171)

Final (adjusted)b

3.22(2.53;391)

0.7 (2.3) (n=193)
0.5(2) (n=170)
0.48(0.17;0.78)

2.7(2.8) (n=193)
35(3.1) (h=170)
3.36 (2.86;3.87)

8.2(34) (n=193)
84 (3.28) (n=170)
8.15(7.6;87)

4.3(3.81) (n=193)
5.2(357) (n=170)
551 (4.88;6.14)

3(4.04) (n=193)
34(3.99) (h=170)
3.38(2.73;4.03)

-0.06 (-0.48; 0.36)

-0.34 (-0.94;0.27)

0.22 (-0.44;0.89)

-0.19 (-0.91; 0.54)

-0.16 (-1; 0.69)

Nuts and soy protein

Baseline 54 (4.68) (n=190)

Final 8(3.85) (n=171)

Final (adjusted)® 7.93 (7.24;863)
Alcohol intake

Baseline 0.12 (0.95) (n=190)

Final 0.12(098) (n=171)

Final (adjusted)® 0.09 (-0.05; 0.23)
Total mAHEI score

Baseline 24.4(9.2) (n=190)

Final 28.3(9.1) (n=171)

Final (adjusted)® 28.37 (26.86; 29.88)

6.8 (4.29) (n=193)
6.3 (4.53) (n=170)
6.29 (5.55; 7.03) 164 (0.77;2.52)

0.12(0.98) (n=193)
0.25(1.33) (n=170)
0.22 (0.02;041) -0.13 (-0.38;0.12)

258(9.1) (n=193)
275(9.7) (n=170)
2732 (25.82; 28.83) 1.05 (-0.9; 2.99)

Data expressed as means (SD)

mAHEI Modified Alternative Healthy Eating Index, which ranges from 0 to 70 points. mAHEi was calculated from 24 h dietary recalls

2 DICA-NUTS - DICA group mean difference at 16 weeks. ' P-value <0.001

b Generalized estimating equations adjusted by baseline values, study site, time of myocardial infarction diagnosis, statin treatment intensity at baseline (high,
moderate, or low intensity/no statin) and considering observations from visits 2, 3 and 4

Individuals with IHD are often taking multiple drugs,
many of which directly interfere with effects of nuts on
cardiometabolic parameters (lipids, glycemic and anthro-
pometric features) measured in this trial. Statins, the
basis of drug treatment for MI, are known to modify
glycemic indicators. Although the mechanisms are not
yet fully established, statins may decrease insulin secre-
tion by increasing the expression of the LDL receptor
in the pancreas with consequent accumulation of cellu-
lar LDL-c, resulting in lipotoxicity in pancreatic B-cells

[42]. Furthermore, statins contribute to insulin resist-
ance by activating AMPKa and blocking AKT in skel-
etal muscles [43] reducing glucose uptake by adipocytes
[44] upregulation of genes involved in hepatic glucone-
ogenesis, and generation of short-chain acyl carnitines
by modifying the metabolism of branched-chain amino
acids [42]. Statins are also related to an increase in body
mass (which in itself impairs lipid and glycemic param-
eters), probably by decreasing the expression of leptin
in adipocytes [45]—with a consequent increase in food
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P

Subgroup DICA-NUTS DICA DICA-NUTS - DICA (95%CI) Interaction
LDL-c,mg/dL Favorable to Favorableto
DICA-NUTS DICA

Sex 088
Male n=143 9467 [39.23;100.10] n=137 9134 [85.78,96.90] 333[448,11.13] B e — :
Female n=50 9207 [382.56,101.58] n=58 87.50(78.71,96.29] 457 [-8.74,1788]

Age,y 079
Up to60 n=01 9659 [89.74,103.45] n=119 92384 [86.77,98.90] 376[-5.48,1299] _t .

More than60 n=102 9163 [8532,9794] n=76 86.12[78.50,9375] 550[-407,1508] —

Typeof MI 053
STEMI n=105 9356 [36 64,10047] n=116 92.00[85.57,98.42] 156 [-7.26,10.38] _ .

Non-STEMI n=82 95.12[3694;10331] n=71 8903[80.22;97385] 6.09[-491;17.09] S

Stroke 026
No n=181 9402[89.13,9892] n=182 9043 [8566,95.21] 359[-3.25,1043] —

Yes n=10 93.10[73.10;113.09] n=12 8689 [66.84,106 93] 6.21[-21.81,3423]

Angioplasty 062
No n=102 9331 [86.57,100.06] n=118 9098 [84.68,97.28] 2.34[-6.58,1125] _ .

Yes n=289 9474[37.36,102.11] n=76 89.02[3094,97.10] 571[-4.44,1587] _—
Myocardial revascularization 075
No n=180 9376 [33.80,98.73] n=184 89.77 [84.96,94.58] 399[-2.94,1092] —t - .
Yes n=11 9764[3002;11526] n=10 98.15[J7.78;118.53] -0.52[27.18,26.14]

Type-2 diabetes mellitus 036
No n=129 9399 [8832,99.65] n=145 8938 [84.41,9534] 11[-3.81,12.03] e E— :
Yes n=62 9395[3566,10224] n=49 9123[8127;101.18] 2.73[-10.50,1596]

Hypertension 017
No n=68 50.10[382.41,97.79] n=78 92.41[84.78,100.05] -231[-1331;8.68] _— :
Yes n=12396.11[90.09,102.14] n=116 8874[82.79,94.70] 737[092;1567] E ———
Dyslipidemia 021
No n=119 91.40[8543,97.38] n=110 9108 [84.66,97.50] 0.32[-8.48,9.13] _— :
Yes n=72 9826 [90.45,106 07] n=284 8906 [8195,96.18] 9.20[-1.24,1963] —

Statin 094
No statin/L ow intensity n=9 8178[57.18;106.38] n=16 7664[59.64,9364] 5.14[-24.30,34.59] '
Moderate intensity n=109 94.40 [38.22,100.59] n=101 9175 [85.02,98.48] 513[-5.44,1570] B E—

High intensity n=73 9560 [37.57,10364] n=76 9047 [82.99,97.96] 265[-630;1161] —

-200 15 100 5 0 5 10 15 20

Fig. 2 Subgroup analyses on DICA-NUTS trial regarding low-density lipoprotein cholesterol levels (LDL-c, primary outcome) after 16 weeks of follow
up. MI: myocardial infarction; STEMI: ST-Elevation MI. Type of Ml was obtained from medical records; previous medical diagnosis (stroke, type-2

diabetes mellitus, hypertension, and dyslipidemia) were self-reported

consumption and a decrease in energy expenditure—and
by the false sensation of improvement of the lipid pro-
file mediated only by the medication — leading to less
dietary control [46]. On the other hand, some classes of
antihypertensive medications (such as first-generation
beta-blockers and potassium-losing diuretics) can nega-
tively modify the lipid profile [47]. Most participants
included in the DICA-NUTS trial were under statins
(94.2% at the end of the study) and other drugs, being
subject to their potential effects on the cardiometabolic
parameters evaluated in the study. Even though the use
of medications was considered in our adjusted analyses,
we did not rule out a probable residual effect related to
the synergy of these drugs on the outcomes evaluated. In
this sense, even with already well-established beneficial
effects [18], the quantity of nuts offered in our study as
well as the intervention time may have been insufficient
to observe a more robust result, considering the impact
of the medications used by the participants on the out-
comes evaluated—which likely masked the effects of the
diet. Noteworthy is the fact that 92.3% of the participants
who completed DICA-NUTS trial were in use of moder-
ate to high intensity statin schemes.

The type of nut offered may also have contributed
to our results, as in general walnuts, pistachios and

almonds, foods not typical of the Brazilian diet, tend to
have a greater impact on the lipid profile [48—50]. How-
ever, we chose to offer locally accessible and lower-cost
nuts with the aim of respecting the local culture and the
possibility of implementation in clinical practice after
completion of the study. Also noteworthy is the fact that
nuts (especially heat-treated and roasted ones), due to
their high lipid and protein content, are dietary sources
of glyoxal and methylglyoxal, reactive a-dicarbonyl com-
pounds precursors of dietary advanced glycation end
products (dAGEs) [51]- which are related to worsening
of cardiometabolic markers [52]. Although the partici-
pants were instructed to consume the nut mix preferably
fresh, we do not rule out the hypothesis that some may
have used it as a culinary ingredient in recipes in which
there was heat treatment; this may have improved adher-
ence to the intervention, but it might also have negatively
contributed to our results.

Among approximately 4,100 male and female who sur-
vived an MI in the US, those who adhered to a high-qual-
ity diet (identified by the Alternative Healthy Eating Index
2010 [AHEI-2010]) had a 24% lower risk (HR 0.76, 95% CI
0.60 to 0.96) for total mortality compared to those with low
quality diets; however, in this study, there was no associa-
tion between diet quality and cardiovascular mortality [6].
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Diet quality improved from baseline to 16 weeks of follow-
up in both groups of the DICA-NUTS trial. Component
scores for nuts and soy were higher following the DICA Br
and nuts group versus control reflecting compliance to the
intervention. However, the control group still scored higher
than expected in the nuts and soy category despite advice
to avoid nuts during the trial. Although diet recalls were
only performed in the prior 24 h, higher-than-expected
consumption of nuts and soy in the control group may be a
contributing factor to the lack of difference between groups
in cardiometabolic features. Also, total mAHEI scores
remained low (~40%) in our population despite an increase
from baseline; in this regard, we believe that the small
improvement in the overall diet quality, combined with the
short study follow-up period, may have been insufficient
to positively impact the primary study outcomes. Total
mAHEI scores may be biased towards lower values since
consumption of no alcohol results in a O for that category.
Most participants in our trial are likely to avoid alcohol fol-
lowing an MI. Other component scores revealed a dietary
pattern that suggests participants knew well what foods
to avoid (e.g., fried foods) but had inadequate intakes of
healthful foods (e.g., fruits, vegetables, fish, whole grains).
This may reflect the dietary guidance received by partici-
pants from the time of hospital discharge, considering that
in Brazilian public institutions (the main setting where the
DICA-NUTS study was conducted), the encouragement to
consume cardioprotective foods such as fruits, vegetables,
and legumes appears to be lower, with recommendations
focusing more on restricting fats, fried foods, and sodium
[53]. Future trials involving dietary interventions for sec-
ondary prevention may prioritize consumption of healthful
foods to influence cardiometabolic outcomes rather than
foods that should be avoided.

Although we made changes to our protocol to mini-
mize the damage caused by the COVID-19 pandemic
and guarantee the integrity of the study, the DICA-
NUTS trial was impacted by the restrictions imposed
at the time — mainly in relation to the collection of the
primary outcome, as well as other clinical studies con-
ducted around the world [54]. Elderly Americans with
multiple comorbidities, for example, were asked about
their interest in participating in clinical studies between
May and September 2020, and 32% reported that they
were not interested in studies that required blood collec-
tion and 27% for those whose intervention was related to
changing lifestyle [55]. Furthermore, there was a worsen-
ing of food security and diet quality [56], as well as access
to health services during periods of isolation, especially
in low-income/developing countries. These factors need
to be considered when interpreting our results; however,
we believe that the possibility of conducting visits online,
the option for home blood collection, and the delivery
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of the nuts (for the intervention group) to participants’
homes, along with the support provided by the research-
ers, contributed to participant retention in this study.
The fact that participants did not experience impairment
in their diet quality and body weight during pandemics
might be a positive result to be considered.

Brazil is a large country with cultural differences
between states, so one of the main strengths of our
study was being multicenter. Our results can be consid-
ered nationally representative, since we included partic-
ipants from different regions of Brazil. Another strength
of our study is the fact that we limited the time since the
MI from 2 to 6 months. In general, studies investigating
dietary interventions on this timeframe are scarce [57,
58], but they are particularly relevant to better guide
dietary recommendations and further contribute to
intensive lifestyle changes that are being implemented
during the rehabilitation period. We also analyzed the
nutrient composition of the mixed nuts to more accu-
rately quantify the actual doses provided to participants.
Among the study limitations, participants randomized
during the restrictions imposed by the COVID 19 pan-
demic had intermediate consultations (visits 2, 3 and
4) performed via phone or video call, which made it
challenging to provide nutritional education regard-
ing the DICA Br and evaluating adherence to nuts sup-
plementation, in addition to the impaired evaluation of
most outcomes. Also, due to the characteristics of the
intervention, participants and dietitians performing the
visits were not blinded. However, statisticians and staff
were blinded to the intervention groups. Another limi-
tation is regarding recall bias related to both 24-h recall
and FFQ, which may not demonstrate the participant’s
real food intake [59]. Secondary outcomes may have
an inflated risk of type I error since p values were not
adjusted for multiple comparisons [60]; in this sense,
significance among secondary outcomes should be con-
sidered hypothesis-generating. And finally, more than
90% of the participants were using statins and basal
LDL-c concentrations were low — despite most were
not at the therapeutical lipid targets suggested for this
population; therefore, the difficulty of further reducing
lipids biomarkers in these patients is greater [13].

Conclusion

In this multicenter randomized controlled clinical
trial, there was no significant effect of including afford-
able mixed nuts to the DICA Br on LDL-c in individu-
als after MI. However, improvements on diet quality were
observed among participants following the DICA Br.
Further studies are needed to better define lipid modula-
tion of patients with recent MI in response to culturally
adapted and sustainable dietary interventions.
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Abbreviations

AHEI-2010 Alternative Healthy Eating Index 2010
AIDS Acquired Immunodeficiency Syndrome
BALANCE DI BALANCE Dietary Index

BMI Body mass index

CABG Coronary artery bypass graft

@] Confidence intervals

Cr Serum creatinine

CRF Case report form

CVvD Cardiovascular disease

dAGEs Dietary advanced glycation end products
DICA Br Brazilian Cardioprotective Diet (Dleta CArdioprotetora Brasileira)
eGFR Estimated glomerular filtration rate

FFQ Food frequency questionnaire

FG Fasting plasma glucose

FI Fasting insulin

GEE Generalized estimating equations

HbAlc Glycated hemoglobin

HDL-c High-density lipoprotein cholesterol
HOMA-IR Homeostatic Model Assessment for Insulin Resistance
IHD Ischemic heart diseases

IQR Interquartile ranges

T Intention-to-treat

LDL-c Low-density lipoprotein cholesterol
MAHEI Modified Alternative Healthy Eating Index
MedDiet Mediterranean Diet

Ml Myocardial infarction

MUFA Monounsaturated fatty acids

NHDL-c Non-HDL cholesterol

PUFA Polyunsaturated fatty acids

SD Standard deviation

SFA Saturated fatty acids

STEMI ST-Elevation MI

T2DM Type 2 diabetes mellitus

TC Total cholesterol

TG Triglycerides

VLDL-c Very low-density lipoprotein cholesterol
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