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Relationship between olive oil consumption and ankle-
brachial pressure index in a population at high
cardiovascular risk
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Abstract

Background and aims: The aim of this study was to ascertain the association between the
consumption of different categories of edible olive oils (virgin olive oils and olive oil) tetal;
virginrolive-oil; and olive pomace oils and ankle-brachial pressure index (ABI) in participants
of the PREDIMED-Plus study, a trial of lifestyle modification for weight and cardiovascular
event reduction in individuals with overweight/obesity harboring the metabolic syndrome.
Methods: Cross-sectional analyses of the PREDIMED-Plus trial. Consumption of any category
of olive oil tetal~irgin-elive-oil and olive pomace oils were assessed through a validated food-
frequency questionnaire. Multivariable linear regression models were fitted to assess
associations between olive oil consumption and ABI. Additionally, an ABI <1 was considered
as the outcome in logistic models with different types categories of olive oil and olive pomace
oil as exposure. Results: Among 4,330 participants, the highest quintile of total olive oil
consumption (sum of all categories of olive oil and olive pomace oil) was associated with
higher mean values of ABI (beta coefficient: 0.014, 95% confidence interval [CI]: 0.002, 0.027)
(p for trend=0.010). Logistic models comparing the consumption of different types-categories of
olive oils, olive pomace oil and ABI <1 values revealed an inverse association between virgin
olive oils consumption and the likelihood of a low ABI (odds ratio [OR] 0.73, 95% CI [0.56,
0.97]), while consumption of olive pomace oil was positively associated with a low ABI (OR
1.22 95% CI[1.00, 1.48]). Conclusions: In a Mediterranean population at high cardiovascular
risk, total olive oil consumption was associated with a higher mean ABI. These results suggest
that olive oil consumption may be beneficial for peripheral artery disease prevention, but
longitudinal studies are needed.

Keywords: Olive oil (OO); virgin olive oils (VOO); ankle-brachial pressure index (ABI);
peripheral artery disease (PAD); PREDIMED-Plus trial; olive pomace oil.

Abbreviations:

ABI: ankle-brachial pressure index; PAD: peripheral artery disease; CV: cardiovascular; BMI:
body mass index; MetS: metabolic syndrome; OR: odds ratio; CI: confidence interval.

1. Introduction

The American College of Cardiology/American Heart Association defines peripheral
atherosclerotic vascular diseases as a group of clinical disorders that includes abdominal aortic
aneurysm, renal and mesenteric artery disease, extracranial carotid artery disease, and disease of
the aortoiliac, femoropopliteal, and infrapopliteal arterial segments. It does not address
nonatherosclerotic causes of lower extremity arterial disease, such as vasculitis, fibromuscular
dysplasia, physiological entrapment syndromes, cystic adventitial disease and other entities [1].
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Peripheral artery disease (PAD) is the term used by The European Society of Cardiology to
describe all the arterial diseases other than coronary arteries or the aorta. This-should-be-elearly
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While several methods are used in the diagnosis of PAD, ankle-brachial index (ABI) is
recommended as a non-invasive tool for screening and diagnosis [2-5]. ABl is calculated as the
ratio of the systolic blood pressure measured at the ankle to that measured at the brachial artery
[3 6]. Usually, the highest ankle systolic pressure is divided by the highest brachial systolic
pressure, resulting in an ABI for each leg [2-5]. The ABI is >1.0 in healthy individuals, among
whom the blood pressure wave is amplified as it travels distally from the heart, resulting in a
higher ankle than brachial systolic blood pressure. The majority of studies use an ABI of 0.90 as
the threshold to define PAD, with borderline ABI defined as that between 0.91 and 0.99 [3 6].
ABI has high specificity but suboptimal sensitivity to detect PAD [4 7]. However, an ABI of 1.4
or more has been associated with an increased prevalence of PAD and CV risk, since it can be
indicative of frequent arterial medial calcifications [5 €].

Olive oil consumption is reported to have several beneficial effects on CV disease [6-11 943];
however to our knowledge, epidemiological evidences on Mediterranean diet and its
implications in PAD risk is limited [ 12-17] and, there is no evidence on the specific effect of
total, virgin, olive oil or olive pomace oils in the prevention of PAD.

The PREDIMED trial -a controlled trial for the primary prevention of cardiovascular disease
based on a nutritional intervention- was the first primary prevention trial which addressed the
effect of a Mediterranean diet enriched with extra-virgin olive oil on the incidence of a first
cardiovascular event [15]. Participants allocated to the Mediterranean diet group enriched with
extra-virgin olive oil showed a significantly lower risk of cardiovascular disease than
participants allocated to the control group. In addition, in the PREDIMED trial, participants
allocated to the Mediterranean diet enriched with extra-virgin olive oil showed a significantly
lower risk of PAD [14].

cotld-contribute-to-prevent PADH2}

This cross-sectional study analyzed the associations between the consumption of different
categories of olive oils (total, virgin and olive oil), olive pomace oils and ABI in the
PREDIMED-Plus trial.

2. Patients and Methods
2.1. Design and participants

The present study is a cross-sectional assessment conducted within the frame of the
PREDIMED-Plus trial. The design and methods of the PREDIMED-Plus trial have been
described in detail elsewhere [18] and the protocol is available at www.predimedplus.com.
Briefly, PREDIMED-Plus is an ongoing multicenter, randomized controlled trial conducted in
Spain to assess the effect of an intensive weight-loss intervention based on an energy-reduced
traditional Mediterranean diet (MedDiet), physical activity promotion, and behavioral support
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on hard CV events, in comparison to that of a control group receiving usual care intervention
only with energy-unrestricted Mediterranean diet recommendations. This study was registered
with the International Standard Randomized Controlled Trial (ISRCT;
http://www.isrctn.com/ISRCTN89898870) with number 89898870 (registration date: July 24,
2014). Written informed consent was obtained from each patient included in the study, the study
protocol conforms to the ethical guidelines of the 2013 Declaration of Helsinki and the study
protocol has been priorly approved by the Research Ethics Committees from all recruitment
centers [ 18]. The eligible participants were adults (aged 55-75 years in men; 60—75 years in
women) with overweight/obesity (body mass index [BMI] >27 and <40 kg/m?, respectively] and
who met at least three criteria for metabolic syndrome (MetS) according to the updated
harmonized criteria of the International Diabetes Federation and the American Heart
Association and National Heart, Lung, and Blood Institute [19]. A total of 6,874 participants
were recruited and randomized from 23 recruitment sites at different universities, hospitals, and
research institutes in Spain. The present analysis included only those participants whose total
energy intakes were within predefined limits (800—4,000 Kcal/day for men, and 500-3,500
Kcal/day for women [20] (n=241 out of limits), participants from recruitment centers with less
than 25% missing data on ABI as a quality control (n=1,913 out of criteria), and participants
with an ABI <1.4 (n=390 participants with ABI >1.4) (Figure 1).

2.2. Exposure Assessment

The consumption of total olive oil, in which are included the following types categories: virgin
olive oils (including extra virgin and virgin olive oil), olive oil (described as refined olive oil
and virgin olive oil mixture according to the European Commission Regulation (EC) N°
1019/2002 [21]) and consumption of olive pomace oil was assessed using a validated 143-item
semi-quantitative food-frequency questionnaire [22] administered at baseline. In face-to-face
interviews, the participants were asked about their frequencies of consumption of each food
item during the past year, as well as the usual serving sizes. Nine possibilities of frequency were
offered, ranging from never to >6 times/day. Fetal- Virgin, olive oil, olive pomace oil and total
olive oil (which include both categories of olive oils and olive pomace oil) consumptions were
adjusted for total energy intake using the residual method and the participants were then
grouped into quintiles according to their total, virgin, or olive oil consumption. Due to the low
consumption and low variability in olive pomace oil consumption, the participants were
classified into tertiles according to their olive pomace oil consumption. Smoke variable was
introduced as positive control to assess well known associations with PAD.

2.3. Outcome Assessment

At baseline, trained staff measured ABI in accordance with the PREDIMED-Plus operation
protocol as the lowest value of two different measurements in each leg of the participant. For
the present analyses, we averaged the ABI values of both legs. A sphygmomanometer cuff is
placed just above the ankle and a Doppler instrument is used to measure the pressure of the
posterior and anterior tibial (dorsalis pedis) arteries of each foot. In addition to ABl as a
continuous variable, we also used a dichotomous outcome defined as an ABI lower or equal to
1. On the other side of the spectrum, since ABI >1.4 can be indicative of frequent arterial
medial calcifications [5], we excluded patients with ABI >1.4.

2.4. Covariate Assessment

Information on socio-demographic variables (e.g., sex, age, marital status, and educational
level) and lifestyle-related characteristics (e.g., smoking status, physical activity, or adherence
to the Mediterranean diet) were obtained from the baseline questionnaire. Weight and height
were measured in duplicate with calibrated scales and a wall-mounted stadiometer, respectively.
BMI was calculated as the weight in kilograms divided by the height in meters squared.
Leisure-time physical activity was assessed using the short form of the Minnesota Leisure Time
Physical Activity Questionnaire validated in Spain [23, 24]. Leisure-time activities were
computed by assigning a metabolic equivalent score to each activity [25], multiplied by the time
spent for each activity and summing all activities. Adherence to an energy-restricted
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Mediterranean diet was evaluated with a 17-item questionnaire [26] which we modified with the
exclusion of the extra-virgin olive oil component to avoid collinearity (score range 0-16). Self-
reported comorbidities (hypertension and type 2 diabetes) were collected from each participant.

2.5. Statistical Analysis

Baseline variables across quintiles of total olive oil consumption were described as means and
standard deviations for continuous traits and as percentages for qualitative traits. We estimated
the Pearson’s correlation coefficient between different categories of olive oil consumption and
between continuous traits considered as potential confounders.

Multivariable linear regression models were fitted to assess the association between energy-
adjusted consumption of total, virgin, olive oil (quintiles) and olive pomace oil (tertiles)
consumption and ABI index. Beta coefficients and their 95% confidence intervals (CI) were
calculated with the lowest quintile as the reference category.

To control for potential confounding factors, the results were adjusted for age (continuous), sex,
and recruitment center in multivariable Model 1. Multivariable Model 2 was additionally
adjusted for BMI (tertiles) and multivariable Model 3 was additionally adjusted for waist
circumference (continuous); self-reported prevalent diabetes (yes/no); self-reported
hypertension (yes/no); score appraising adherence to an energy-reduced Mediterranean diet
(score 0—17); physical activity (metabolic equivalents [METs]-min/ week) (quintiles);
educational level (primary school or less, secondary school, university); use of blood pressure-
lowering drugs (yes/no); use of lipid-lowering medication (yes/no); use of diuretics (yes/no);
use of insulin or oral antidiabetic agents (yes/no); dietary vitamin D intake (tertile); folic acid
intake (continuous); family history of coronary heart disease (CHD) (yes/no); smoking (never,
current, former >5 years, former <5 years); and total energy intake (continuous).

Tests of linear trend across increasing quintiles of exposures were conducted by assigning the
quintile-specific median to each participant and treating the resulting variable as continuous
trait.

Finally, to assess the robustness of the multivariable linear regressions, we performed sensitivity
analysis for Q5 vs. Q1 of total olive oil consumption with different energy limits (percentiles 1
and 99), including participants with ABI >1.4, or participants from all recruitment centers. We
also assessed the association after stratifying by sex (men and women), BMI (<30 kg/m? or >30
kg/m?), age (<65 or >65 years), baseline adherence to the Mediterranean diet (<7 points vs >8
points), and baseline diabetes.

Additional logistic regression models were fitted to assess the odds ratios (ORs) (95% CI) for
an ABI <1, as a dichotomous outcome, according to energy-adjusted consumption of total,
virgin, and olive oil (quintiles) and olive pomace oil (tertiles). The ORs and their 95% Cls were
calculated considering the lowest quintile as the reference category. A sensitivity analysis with
ORs for an ABI £0.9 is presented in Table 2 of Supplementary files.

To control for potential confounding factors in logistic regression models, the results were
adjusted for the same confounding factors as the multiple linear regression models. We also
conducted tests of linear trend across increasing quintiles of exposure. Smoke variable was
introduced as positive control to assess a well-known association with PAD.

Finally, we assessed correlations between total, virgin, olive oil and olive pomace oil
consumption in the PREDIMED-Plus trial.

3. Results

This study included 4,330 out of 6,874 participants recruited in the PREDIMED-Plus trial,
according to previously defined exclusion criteria (Figure 1). The mean age of study subjects
was 65 and 47.9% were women. Table 1 shows the baseline characteristics of the participants
included according to energy-adjusted quintiles of total olive oil consumption. Participants in
the highest category of total olive oil consumption had a higher total energy intake, higher
adherence to the Mediterranean diet, higher fat intake (especially monounsaturated fatty acids),
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lower consumption of meat, fish, and dairy products and a decrease in fruit, vegetables, cereals
and legumes, respect to lowest category of total olive oil intake.

The results of correlation analyses between total, virgin, olive oil and olive pomace oil
consumption are shown in Table 2. We observed a significant inverse correlation between
virgin and olive oils consumption (-0.41). Correlations between all continuous traits considered
as potential confounders are shown in Table 1 of Supplementary files.

The associations between energy-adjusted consumption of total, virgin, olive oil and olive
pomace oil and ABI are shown in Table 3. The ABI was 0.014 points (95% CI: 0.002, 0.027)
higher among participants in the highest category of total olive oil consumption compared to
participants in the lowest consumption quintile in the fully-adjusted model (p for trend 0.010).
Associations between specific categories £ypes of olive oil, olive pomace oil and ABI were not
statistically significant.

Table 4 shows the ORs (95% CI) between types categories of total, virgin, olive oil and olive
pomace oil consumption and a low or borderline ABI (defined as ABI <1). Participants in Q5 of
virgin olive oils intake showed a significantly lower odds of borderline ABI (0.73, 95% CI 0.56,
0.97; p for trend 0.031), whereas participants in Q5 of olive oil (OR 1.43, 95% CI 1.07, 1.90; p
for trend 0.114) or olive pomace oil (OR 1.22, 95% CI 1.00, 1.48; p for trend 0.050) showed a
significantly higher odds of borderline ABI compared to participants in the Q1. When ABI <0.9
was analyzed in a logistic model (Table 2-Supplementary data) any category or total olive oil
intake were statistically significative.

In order to assess the robustness of our findings, we performed sensitivity analyses of the
differences in mean ABI across categories of olive oil and olive pomace oil consumption from
all recruitment centers included but removing those with missing values of ABI in the right or
the left leg (Table 35-Supplementary files). We also conducted sensitivity analysis for total
olive oil consumption (comparing extreme quintiles), after applying different energy limits
(percentiles 1 and 99), from all recruitment centers and other analysis including participants
with ABI >1.4. We also conducted stratified analyses by sex (men and women), BMI (<30
kg/m? or >30 kg/m?), age (<65 or >65 years), baseline adherence to the Mediterranean diet (<7
points vs >8 points), and baseline diabetes (Figure 2). These analyses supported the robustness
of our main results.

We also analyzed the association between smoking habit and the ABI or an ABI <1 as a positive
control. When compared to never smokers (n=1873), smokers who quitted >5 years ago
(n=1586) showed an ABI difference of -0.008 (-0.017, 0.000), smokers who quitted <5 years
ago (n=96) an ABI difference of -0.030 (-0.054, -0.005) and current smokers (n=755) an ABI
difference of -0.032 (-0.043, -0.021) in multivariable adjusted models. Compared to never
smokers, the OR of an ABI <1 was 1.32 (1.08, 1.61) for smokers who quitted >5 years ago, 1.50
(0.88, 2.57) for smokers who quitted <5 years ago and 2.09 (1.66, 2.64) for current smokers in
the multivariable adjusted models.

4. Discussion

The results of this cross-sectional analysis of the PREDIMED-Plus trial showed a direct
association between total olive oil consumption (including olive pomace oil) and ABI. In
addition, virgin olive oils consumption was inversely associated with borderline ABI whereas
olive oil and olive pomace oil consumption were directly associated with borderline ABIL.

ABI is a non-invasive, simple, and reliable diagnostic method used as a simple method to screen
for PAD and to evaluate CV prognosis in the general population [27]. The range of normal ABI
values is between 0.90 and 1.4. In fact, an ABI below 0.90 represents an independent marker of
CV risk [28]. This threshold of <0.90 is based on studies reporting >90% sensitivity and
specificity to detect PAD compared to angiography [29, 30]. Otherwise, with an ABI >1.0 used
as a threshold for detecting PAD, sensitivities as high as 100% have been reported [28, 30].
Thus, ABI should be carefully interpreted according to a priori probability of PAD and values
between 0.91 and 1.00 should be considered borderline [3]. In this study, our evaluation of the
probability of an ABI <1 included all participants considered to be borderline. Total and virgin
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olive oils consumption appeared to be inversely associated with the risk of an ABI <1 (OR 0.86
and OR 0.73, respectively). However, olive pomace oil and olive oil consumption appeared to
be associated with a higher odd of borderline ABI (OR 1.22, 95% CI 1.00, 1.48 and OR 1.43,
95% CI 1.07, 1.90, respectively).

There is no clear association between the role of nutrition in preventing PAD [31]; although the
Mediterranean diet may reduce the risk of PAD [32-34], more trials with an experimental design
to confirm this protective effect are required. Regarding the consumption of extra-virgin olive
oil —the main fat source of the Mediterranean diet— has been associated with beneficial effects
on PAD [6, 34] and the this association may be related to several components of virgin olive
oils. Indeed, the INCHIANTI study reported that increasing HDL cholesterol levels could exert
some protective effect against PAD [33]. Considering that virgin olive oils increase HDL
cholesterol levels in humans, as reported by the VOHF study [8], it could indirectly prevent
PAD. Pedret et al. recently described the activity of the phenolic fraction of virgin olive oils in
the HDL proteome because it may lead to the up-regulation of proteins related to cholesterol
homeostasis, protection against oxidation, and blood coagulation [8]. The authors also reported
the down-regulation of acute-phase response, lipid transport, and immune response [8]. Some
studies have described the effects of virgin olive oils or its components in preventing CV
disease [7-10], which could also be related to the potential protective effect of olive oil
consumption against PAD.

Overall, our results suggest that a higher total olive oil consumption was associated with better
values for the ABI but there was no significant association with borderline ABI used as a

dichotomous variable (ABI<1). When we further addressed if consumption of specific olive oil
categories was associated with ABI, we found significant association with virgin olive oils and
olive pomace oil. Higher virgin olive oil consumption was significantly associated with a lower
odds of borderline ABI, whereas olive oil consumption and olive pomace oil consumption were
associated with a higher odds of borderline ABI compared to the lowest consumption category,
with a statistically significant finding for olive pomace oil. It could be hypothesized that
replacing more processed categories of olive oil and olive pomace oils by virgin olive oils may
help improve the ABI. The observed results across the different olive oil categories could be
due to minor compounds present in virgin olive oil, which are practically absent in refined olive
oil and olive pomace oil [32, 33]. Given that the lipid profile is mainly the same in all categories
of olive oils and olive pomace oil, this idea becomes coherent. In fact, minor compounds of
virgin olive oils have been described to be responsible for different beneficial properties against
several diseases, including CV disease prevention [7, 9, 34-36]. Contrarily, olive pomace oil
loses the majority of minor compounds and some chemical contaminants could be present in it
as a result of manufacturing processes [37]. Some of these contaminants have been described as
harmful compounds [38]. Nevertheless, we have to notice that differences between categories
of olive oils and olive pomace oils may be due not only to their composition, but also to their
differential culinary use. It is known that the fatty acid profile of olive pomace oil is similar to
the fatty acid profile of virgin olive oils, but it is generally used for frying foods, including
ultraprocessed foods, which have been reported to increase CV risk [39]. These hypotheses
could explain the differences observed between extreme quintiles and tertiles of consumption in
virgin olive oils as compared to olive pomace oil or refined olive oil in their association with the
ABI index; however, prospective studies are needed to corroborate these associations.

| . ¢ olive ol | the risk of PAD.

This study has several strengths, including the large sample size, inclusion of both men and
women in the trial, adjustment for a wide array of potential confounders, and the use of
validated tools to assess information. However, #s we acknowledge some limitations such as
inelude its cross-sectional design, which does not allow the establishment of any causal
association between olive oil consumption and ABI. In addition, the age of the participants was
limited to 5575 years and all of our participants had metabolic syndrome; therefore,
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generalization of the results to other age groups may be limited. Furthermore, as this is not a
prospective study, results should be treated carefully and potential causal inferences need to be
confirmed by future prospective studies. Also, olive oil consumption was addressed only once.
The food-frequency questionnaire covered one year of exposure over the previous year. The
implicit assumption is that past year consumption tends to be correlated with lifetime
consumption. However, we admit that appraising a longer exposure to olive oil may be
important to fully disentangle the association between olive oil consumption and ABI or PAD.
Finally, we were not able to distinguish between the minor components of the different
categories of olive oils and olive pomace oils. Concentration of minor components does not
only depend on olive oil category but also on other characteristics such as its origin, olive
variety or ripeness of the olives from which olive oil was extracted [40].

In conclusion, the main findings of the current study suggest a direct association between total
olive oil consumption and a better ABI. Moreover, consumption of virgin olive oils could be
useful to promote a better ABI instead other olive oils categories or olive pomace oils.

probabiity-efhaving-an-ABI<k Nevertheless, longitudinal studies are needed to confirm these
results and to definitively establish the role of total olive oil consumption, are different types
categories of olive oil and olive pomace oils consumption in the development of PAD.
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