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Background and aims: High-quality of the carbohydrates consumed, apart from their total amount,
appear to protect from cardiovascular disease (CVD). However, the relationship between the quality of
carbohydrates and the early appearance of atherosclerosis has not yet been described. Our objective was
to estimate the association between the quality of dietary carbohydrates and subclinical atherosclerosis
in femoral and carotid arteries.
Methods: Cross-sectional study of femoral and carotid atherosclerosis assessed using ultrasounds of 2074
middle-aged males, 50.9 (SD 3.9) years old, with no previous CVD, and pertaining to the Aragon Workers’
Health Study (AWHS) cohort. Food frequency questionnaires were used to calculate a carbohydrate
quality index (CQI) defined as: consumption of dietary fiber, a lower glycemic index, the ratio of whole
grains/total grains, and the ratio of solid carbohydrates/total carbohydrates. The presence of plaques
across four CQI intervals was studied using adjusted logistic regression models.
Results: The CQI showed a direct inverse association with subclinical atherosclerosis in femoral terri-
tories. Participants with a higher consumption of high-quality carbohydrates (13e15 points) were less
likely to have femoral plaques when compared with participants in the lowest index interval (4e6
points) (OR ¼ 0.59; 95% CI ¼ 0.39, 0.89; p ¼ 0.005). No association was found between the CQI and the
presence of subclinical atherosclerosis in carotid territories. A lower consumption of high-quality car-
bohydrates tended to be associated with a greater atherosclerosis extension, considered as the odds for
having more affected territories (p ¼ 0.011).
Conclusions: Among middle-aged males, a high-quality intake of carbohydrates is associated with a
lower prevalence of femoral artery subclinical atherosclerosis when compared with a lower consump-
tion. Thus, indicating an early relationship between the quality of carbohydrates and the development of
CVD.
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Atherosclerosis is a multifactorial process responsible for a large
proportion of cardiovascular disease (CVD) [1]. In addition to being
the leading cause of death and disability in the world, CVD is also
responsible for an important socioeconomic burden [1e3].

Behavioral and metabolic risk factors play a key role in the eti-
ology and progression of atherosclerosis [1,4]. Accordingly, pre-
vention efforts against CVD focus on preventable cardiovascular
risk factors, such as modifying dietary patterns [1,5e7].

One dietary pattern of recent interest is the study of the type of
carbohydrates and their quality. Carbohydrate quality is a multi-
dimensional entity integrating several parameters and, as such, its
elements can act in a synergic way. This is why, recent studies have
assessed the relationship between carbohydrate quality and CVD
through studying isolated indicators, mainly fiber intake, whole-
grain consumption, and glycemic index (GI) or glycemic load.
Several studies have shown that the consumption of dietary fiber
[8,9] and whole-grains [10e13] decreases the risk of CVD, while a
high GI [14e16] increases it. Likewise, some studies have shown
how fiber [17] or whole-grain intake [18,19], as well as a low dietary
GI [20,21] reduced atherosclerotic plaques.

In recent years, only a few studies have assessed overall carbo-
hydrate quality integrating all previously defined indicators in a
single index, known as the carbohydrate quality index (CQI) [22]. A
high adherence to this index has shown a reduction in CVD as well
as in some cardio-metabolic factors, which eventually can deter-
mine the development of CVD [23e25]. Nevertheless, no previous
studies have assessed at what point in life this link is established,
for example, in early adulthood indicated by the presence of sub-
clinical atherosclerosis, or late in adulthood.

Subclinical atherosclerosis can be measured in several body
locations, including carotid, femoral, and coronary arteries. How-
ever, without medical explorations it can remain clinically unde-
tected throughout life, or until an acute clinical event occurs
[26,27]. Among the subclinical locations, femoral plaques are the
earliest and the most prevalent peripheral atherosclerotic in-
dicators, that are available for detection using non-invasive tech-
niques in the middle-aged population [28,29]. Hence, femoral
subclinical atherosclerosis has the strongest association with
traditional CVD risk factors, as well as being a strong marker of
coronary lesions [28].

To our knowledge, the association of the quality of carbohy-
drates consumed with subclinical atherosclerosis in peripheral ar-
teries has not previously been investigated. As a result, our
objective was to estimate the impact that the quality carbohydrate
consumption could have on the presence of subclinical athero-
sclerosis in femoral and carotid arteries. We studied this association
with a sample of male factory workers from Spain.

2. Materials and methods

2.1. Study design and population

The association between carbohydrate quality and subclinical
atherosclerosis was cross-sectionally studied with participants from
the Aragon Workers’ Health Study (AWHS), whose design and
methodology have been previously described [30]. The AWHS is a
prospective cohort study based on data from the annual physical
examinations of workers in an automotive assembly plant with the
aim to characterize risk factors for metabolic abnormalities and
subclinical atherosclerosis. Between 2011 and 2014, study partici-
pants aged 39e59 and free of CVD at baseline underwent subclinical
atherosclerosis imaging as well as an interview with questionnaires
on cardiovascular and lifestyle factors, including diet. Of the 2616
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participants who attended these extended examinations, we
excluded the following participants: females due to their small
number (n ¼ 132), those with missing data on subclinical athero-
sclerosis imaging exams (n ¼ 316), and those with missing data on
diet, and on CVD risk factors (BMI, blood pressure, cholesterol, and
smoking) (n ¼ 94). The final sample comprised 2074 males
(Supplemental Fig. 1). All participants gave their written informed
consent. The study was approved by the Clinical Research Ethics
Committee of Aragon (CEICA).

2.2. Data collection

2.2.1. Atherosclerosis imaging
The presence of plaques in carotid and femoral arteries was

assessed using a Philips IU22 ultrasound system (Philips Health-
care, Bothell, WA). Ultrasound images were acquired with linear
high-frequency 2-dimensional probes (Philips Transducer L9-3,
Philips Healthcare), using the Bioimage Study protocol for the ca-
rotid arteries [31], as well as a specifically designed protocol for the
femoral arteries [32]. Inspection sweeps were obtained on the right
and left side of the carotid (common, internal, external, and bulb)
and femoral territories. Plaque was defined as a focal structure
protruding �0.5 mm into the lumen, or reaching a thickness �50%
of the surrounding intima-media thickness. All measurements
were analyzed using electrocardiogram gated frames correspond-
ing to the end-diastole (R-wave) [33].

2.2.2. Diet assessment and carbohydrate quality index (CQI)
calculation

Data used in the analysis were obtained with a previously
validated food frequency questionnaire (FFQ) [34]. This question-
naire collects data on the frequency of consumption of 136 food
items, including questions about the consumption of supplements
and special diets. The FFQ gathers the average annual consumption
for each food included, considering nine frequencies from “never or
almost never” to “more than six times a day”. Additionally, dietary
energy, macronutrient, and micronutrient intake were derived
using Spanish food composition tables [35,36].

To assess carbohydrate quality, we calculated the CQI [22],
considering the following components: dietary fiber intake (g/d), GI,
whole grain/total grain ratio, and solid carbohydrate/total carbo-
hydrate ratio. Dietary fiber intake was directly derived from the FFQ.
GI was calculated as a weighted GI based on the individual GI for
each food item and using a previously proposed formula [25]. The GI
for individual food items were obtained from various sources,
including international food tables [36,37]. We estimated whole-
grain consumption as the sum of ‘whole bread consumption’, ‘in-
tegral cereal consumption’, and ‘wholewheat cookies consumption’.
The intake of total grains was calculated by summing the intake of
whole grains, refined grains, and their products (including refined
bread, breakfast refined cereals, white rice, refined pasta, pizza and
different biscuits, as well as pastry products). Liquid carbohydrates
were calculated by summing up carbohydrates from sugar-
sweetened beverages and fruit juice, and solid carbohydrates
accounted for the carbohydrate content of the rest of the foods.

Before calculating the score, each component was pre-processed
as follows [22]: for dietary fiber intake, and solid carbohydrate/total
carbohydrate ratio, the participants were categorized into quartiles,
and then, the belonging category ordinal was used as the compo-
nent value (ranging from 1 to 4); for the GI, where lower values
increase the final score, the quartile order was reversed (so that,
those in the fourth quartile received 1 point, and those in the first
quartile received 4 points); and for the whole grain/total grain ratio,
participants were categorized into three groups, those that did not
consume whole grains received 1 point, and the rest were divided
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into two equally sized groups and received 2 and 3 points. Finally,
the CQI was constructed by summing up all the component scores
(ranging from 4 to 15). We classified participants into four 3-point
intervals of this final score. Higher CQI values mean better quality of
the carbohydrate consumed (Table 1).

The components of CQI were categorized into four groups due to
their moderate variability in this sample of middle-aged partici-
pants that prevented using the five groups originally described [22]
in some components (Supplemental Table 1).

2.2.3. Sociodemographic, clinical, and biological data
Age, sex, type of work (blue collar or white collar), clinical, and

laboratory data were obtained in the annual medical examination
performed in the factory, including BMI, waist circumference, blood
pressure, medical history, and the current use of medication. Lab-
oratory measurements were performed on blood samples collected
in fasting (>8 h) conditions. Fasting serum glucose, triglycerides,
total cholesterol, and high-density lipoprotein cholesterol (HDL-c)
weremeasured by spectrophotometry (Chemical Analyzer ILAB 650,
Instrumentation Laboratory). Low-density lipoprotein cholesterol
(LDL-c) levels were calculated using the Friedewald equation when
triglycerides were lower than 400 mg/dl. We defined arterial hy-
pertension as having systolic blood pressure �140 mmHg, diastolic
blood pressure �90 mmHg, or self-reported use of antihypertensive
medication [38]. Dyslipidemia was defined as having total choles-
terol �240 mg/dl, LDL-c �160 mg/dl, HDL-c <40 mg/dl, or self-
reported use of lipid-lowering drugs [39]. Diabetes was defined as
fasting plasma �126 mg/dl or self-reported treatment with hypo-
glycemicmedication [38]. Smoking habitswere categorized as never
smoker or ever smoker if the participant had smoked at least 50
cigarettes in their lifetime.

Physical activitywas assessed using the validated Spanish version
[40] of the questionnaire on the frequency of engaging in physical
activity used in the Nurses' Health Study [41] and the Health Pro-
fessionals' Follow-up Study [42]. To compute the volume of activity
performed by each participant, ametabolic costwas assigned to each
activity using Ainsworth's compendium for physical activities [43],
and multiplied by the time the participant reported practicing that
activity. From the sum of all activities, we obtained a value of overall
weekly METs-h.

2.3. Statistical methods/analysis

Descriptive analysis of baseline characteristics of the study par-
ticipants classified by CQI categories were reported as mean and
standard deviation (SD) for continuous variables or as percentage
for categorical variables. The association between CQI categorized
into four groups (4e6, 7e9, 10e12, and 13e15 points) and the
presence of atherosclerotic plaques in femoral arteries (right and/or
left, accounted jointly as one circulatory affected territory), carotid
arteries (right and/or left, accounted jointly as one circulatory
affected territory), and at any of these territories (sum of previous
two) was examined using logistic regression (for sum > 0 in the
Table 1
Components and algorithm used to calculate the carbohydrate quality index.

Components of carbohydrate quality index Index range (points)
(4e15)

Scores acc

Dietary fiber intake (g/d) 1e4 G1 ¼ 1 (0
Glycemic index 1e4 G1 ¼ 4 (0
Ratio of whole grains/total grains 1e3 G1 ¼ 1

0
Ratio of solid carbohydrates/total carbohydrates 1e4 G1 ¼ 1 (0

Max ¼ Maximum.
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later). Additionally, four approaches were used to describe and
statistically test study atherosclerosis extension: 1) Average number
of affected territories 0, 1, or 2 was calculated to describe the
extension; 2) the percentage of presence of at least one (one or
more) affected territory was also calculated (calculating odds ratios
eORe for presence of one or more affected territories vs no affected
territories with logistic regression, which is the same as the one
described above for atherosclerosis at any territory); 3) the per-
centage of participants with two affected territories (calculating OR
for presence of 2 affected territories vs 0 or 1 affected territory with
logistic regression); and 4) calculating ordinal OR with ordinal lo-
gistic regression of atherosclerosis extension. Models were adjusted
for age, type of work, BMI, smoking status, hypertension, dyslipi-
demia, diabetes, total energy (Kcal/day), protein intake (g/day), total
fat intake (g/day), alcohol intake (g/day), and total METs-h/week. P
values below 0.05 were considered statistically significant. R sta-
tistical software (ver. 3.4.4) was used for the analysis.

Additionally, an alternative analysis with CQI index categorized in
quintiles (Supplemental Table 1) was performed for demonstrating
robustness and to facilitate comparison with previous work.
3. Results

The sample included 2074males with a mean age of 50.9 (SD 3.9)
years. Compared with individuals in the lowest CQI interval, par-
ticipants with the highest one had a slightly higher probability to be
white collar workers and showed a higher concentration of HDL-c,
and a lower concentration of triglycerides. Likewise, they were less
likely to be smokers (Table 2).

Concerning to lifestyle behaviours, participants with the highest
CQI consume less carbohydrates and more protein than the lowest
CQI interval. Moreover, they practice more physical activity (higher
METs-h/week) (Supplemental Table 2).

The prevalence of the presence of atheroma plaques among
participants was 56.7% in femoral territory. There was a significant
inverse association between CQI index and the presence of plaques
in this territory. Compared with participants with the lowest CQI,
those with the highest CQI had less prevalence of femoral plaques
(60.4% vs. 51.4%). Fully adjusted odds for femoral plaques among
participants with the highest CQIwere reduced to 0.59 (95% CI: 0.39,
0.89) times the odds of those with the lowest CQI (Table 3, Fig. 1).
Overall, there was a linear doseeresponse in the protective direc-
tion. Assessing the association of CQI as a continuous variable with
the presence of femoral plaques, the odds for having femoral pla-
ques were reduced by 5.6% (95% CI: 1.8%, 9.3%; p ¼ 0.005) for each
unit of CQI increase.

The prevalence of atheroma plaques among participants in the
carotid territory was 36.6%. Data showed a downward trend as the
quality of the carbohydrates consumed increased, but statistical
significance was not reached (Fully adjusted OR of the highest vs.
the lowest CQI was: 0.90; 95% CI: 0.60, 1.36) (Table 3).

In addition, we assessed the association of CQI with the number
of affected territories, interpreted as atherosclerosis extension
ording to the groups of the component (cut-off points)

, 20.1] G2 ¼ 2 (20.1, 24.4] G3 ¼ 3 (24.4,29.3] G4 ¼ 4 (29.3, max)
, 48.8] G2 ¼ 3 (48.8,51.9] G3 ¼ 2 (51.9,54.0] G4 ¼ 1 (54.0, max)

G2 ¼ 2 (0,0.246] G3 ¼ 3 (0.246, max)

, 0.947] G2 ¼ 2 (0.947,0.977] G3 ¼ 3 (0.977,0.996] G4 ¼ 4 (0.996, max)



Table 2
Baseline characteristics of the AWHS participants according to the carbohydrate quality index categories.

N ¼ 2074 Overall Carbohydrate Quality Index p for trend

4-6 points 7-9 points 10-12points 13-15 points

n ¼ 293 n ¼ 941 n ¼ 665 n ¼ 175

Age, years 50.9 (3.9) 50.4 (4.2) 51.0 (3.9) 51.0 (3.8) 50.9 (3.7) 0.183
White collar, % 11.7 [242] 9.2 [27] 10.4 [98] 14.3 [95] 12.6 [22] 0.022
BMI, kg/m2 27.6 (3.3) 27.4 (3.4) 27.6 (3.2) 27.7 (3.3) 27.6 (3.5) 0.289
Waist circumference, cm 97.3 (8.8) 96.8 (8.9) 97.6 (8.7) 97.2 (9.0) 96.7 (9.0) 0.655
Systolic blood pressure, mm Hg 125.4 (13.9) 125.0 (13.3) 125.7 (13.7) 124.9 (14.1) 126.4 (15.4) 0.824
Diastolic blood pressure, mm Hg 82.4 (9.4) 82.5 (9.2) 82.6 (9.2) 82.0 (9.5) 82.7 (10.2) 0.636
Total cholesterol, mg/dl 220.1 (36.3) 220.6 (38.7) 218.9 (34.9) 221.9 (36.7) 219.0 (38.1) 0.607
HDL-c, mg/dl 53.0 (11.4) 52.0 (10.7) 51.9 (10.9) 54.6 (11.9) 54.8 (12.1) <0.001
Non-HDL-c, mg/dl 167.1 (35.1) 168.6 (37.9) 166.9 (33.6) 167.3 (35.4) 164.2 (37.0) 0.331
LDL-c, mg/dl 137.9 (31.3) 137.6 (33.8) 137.2 (30.4) 138.7 (30.9) 138.9 (33.7) 0.406
Triglycerides, mg/dl 150.2 (97.2) 157.8 (92.2) 153.7 (104.9) 144.7 (87.0) 139.5 (98.3) 0.008
Fasting glucose, mg/dl 97.7 (17.5) 96.5 (16.7) 97.6 (18.1) 97.8 (16.4) 99.9 (19.4) 0.075
Ever-smokers, % 77.1 [1600] 81.2 [238] 78.0 [734] 74.4 [495] 76.0 [133] 0.031
Hypertension, % 37.4 [776] 34.8 [102] 37.7 [355] 37.3 [248] 40.6 [71] 0.325
Dyslipidemia, % 49.2 [1020] 49.1 [144] 48.5 [456] 49.0 [326] 53.7 [94] 0.426
Diabetes, % 5.6 [116] 5.1 [15] 5.6 [53] 4.8 [31] 9.1 [16] 0.318

BMI: body mass index; HDL-c: High-density lipoprotein cholesterol; Non-HDL-c: non-High-density lipoprotein cholesterol; LDL-c: Low-density lipoprotein cholesterol.
Values are mean (standard deviation) or % [number]. P value for trend from unadjusted regression models.

Table 3
Association between the carbohydrate quality index categories and the presence of plaques in peripheral arteries in AWHS participants.

Participants (N ¼ 2074)
Carbohydrate Quality Index p for trendb

4e6 points
OR (95%CI)

7e9 points
OR (95%CI)

10e12 points
OR (95%CI)

13e15 points
OR (95%CI)

293 941 665 175

Femoral plaques, % (n) 60.4% (n ¼ 177) 58.0% (n ¼ 546) 54.6% (n ¼ 363) 51.4% (n ¼ 90)
Age-adjusted Ref. 0.84 (0.64, 1.11) 0.73 (0.55, 0.97) 0.64 (0.43, 0.94) 0.005
Multivariable-adjusteda Ref. 0.84 (0.62, 1.11) 0.74 (0.54, 1.00) 0.59 (0.39, 0.89) 0.005
Carotid plaques, % (n) 36.5% (n ¼ 107) 37.7% (n ¼ 355) 35.2% (n ¼ 234) 36.0% (n ¼ 63)
Age-adjusted Ref. 0.99 (0.75, 1.31) 0.89 (0.67, 1.20) 0.93 (0.62, 1.38) 0.280
Multivariable-adjusteda Ref. 1.00 (0.75, 1.33) 0.90 (0.67, 1.23) 0.90 (0.60, 1.36) 0.271

AWHS, Aragon Workers' Health Study; OR, odds ratio; CI, confidence interval.
N, total number of participants; n, number of subjects with plaques.

a Adjusted for age, type of work (blue collar or white collar), BMI, smoking status (ever smoker or never smoker), hypertension, dyslipidemia, diabetes, total energy (Kcal/
day), protein intake (g/day), total fat intake (g/day), alcohol intake (g/day), and total METs-h/week.

b P for trend is calculated using CQI as continuous variable.

Fig. 1. Odds Ratios (95% Confidence Interval) for the presence of femoral plaques ac-
cording to carbohydrate quality index categories.
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(Supplemental Table 3). The mean count of affected territories
decreases as CQI increased. In multivariable logistic regression
models we found that the CQI was negatively associated with the
3886
presence of two affected territories (p for trend ¼ 0.017). Although
the presence of any atherosclerosis (one or more affected terri-
tories) showed a similar downward tendency in adjusted models,
statistical significancewas not reached in this case. This was further
tested and proved with the most appropriate statistical modeling,
which should be considered the conclusive test for this association,
in an ordinal logistical regression model (p ¼ 0.011).

Likewise, when we assess associations between CQI (with com-
ponents scores in five groups, Supplemental Table 1) and presence of
atheroma plaques, results obtained were similar on trend and sig-
nificance (Supplemental Table 4, Supplemental Table 5, Supplemental
Fig. 2). However, with this scoring, which was suboptimal for the
variability in our sample, those response was not linear.

4. Discussion

In this study, we found a consistent and inverse association
between the CQI and the presence of subclinical atherosclerosis in
femoral territories. However, this association was not shown in the
carotid territories, probably because, at the age of the participants,
subclinical atherosclerosis appears more frequently in femoral ar-
teries. Nonetheless, CQI was also associated with lower athero-
sclerosis extension. Thus, our results suggest that consuming
carbohydrates from whole grains instead of foods from refined
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flours, those with a low glycemic index, consumed as a solid food,
and associated with dietary fiber and reducing consumption of
liquid carbohydrates and those with high glycemic index could
potentially reduce the risk of subclinical atherosclerosis. These
findings support the premise that the quality of dietary carbohy-
drates is likely to play an important role as a determinant of car-
diovascular health.

Previously to the first definition of the CQI [22], its components
had demonstrated significant clinical benefits in reducing the risk
of CVD. In this sense, two meta-analyses [44,45] have shown that
the consumption of dietary fiber, naturally present in fruit and
vegetables, is inversely associated with the risk of coronary heart
disease (CHD). Besides, other meta-analyses indicate that a high
whole-grain intake has a protective effect against CHD [10], and it is
associated with a reduced risk of all-cause mortality as well as CVD
mortality [11]. Interestingly, the study of Steffen et al. [18] has
shown a beneficial effect of whole-grains and both fruit and
vegetable consumption on the risk of all-cause mortality and inci-
dent coronary artery disease, but not on ischemic stroke. Also, the
study of Juan et al. [13] observed that the consumption of whole-
grains was not associated with a reduction in ischemic stroke,
although a high consumption of whole-grain cold breakfast cereal
and bran decreased this risk. Finally, Livesey et al. [16], showed a
relationship between the GI and CHD risk with a relative risk of 1.24
per each 10 U GI increase.

Several studies have assessed the effects of different components
of the CQI in the development of atherosclerosis, when studying the
early steps in the natural history of CVD. With regard to this, Mellen
et al. [19] showed an inverse association betweenwhole-grain intake
and the carotid intima media thickness. Furthermore, Erkkil€a et al.
[17] demonstrated that the progression of coronary atherosclerosis
was slowed down by a high intake of cereal fiber as well as whole-
grain products in postmenopausal females, with established coro-
nary artery disease. The association between the GI and athero-
sclerosis is more controversial. Some studies, like those carried out
by Choi et al. [46] and Peng et al. [21], have shown a direct rela-
tionship between the GI and carotid stenosis, or coronary artery
calcium. However, Go~ni et al. [20] showed no association between
the GI and the carotid intima media thickness. Likewise, Dearborn
et al. showed no association between the GI and high-risk plaque
features. In addition, the relationship between the GI and the
maximum wall thickness was described as non-linear.

The association between CQI and atherosclerosis may stem from
the effects that some quality aspects of dietary carbohydrates have
on the traditional cardiovascular risk factors, although evidence is
sparse beyond the diabetes realm. Two studies have shown how a
high GI diet unfavorably affected CVD risk factors and therefore, the
substitution of a high with a low GI dietary carbohydrates may
reduce the risk of CVD [14,15]. Additionally, a recent systematic
review andmeta-analysis [47] concluded that the consumption of a
high intake of dietary fiber or whole grains was associated with a
reduced incidence of type 2 diabetes.

The study of Zazpe et al. [22] defined the CQI in literature for
the first time, allowing scientist to compare participants with
different carbohydrate quality intakes. This index has allowed to
identify important associations in participants with high quality
intake of carbohydrates. In the SUN project, among a Mediterra-
nean cohort of 17,424 middle-aged adults, a higher CQI showed a
significant inverse association with CVD incidence. This study also
found that participants in the higher CQI and with more than 50%
of energy intake coming from carbohydrates had the lowest risk of
CVD [23]. In early stages of CVD development, the impact of a high
adherence to CQI and specific cardiovascular risk factors have
already been reported. The KNHANES survey showed an inverse
association between a high CQI and the prevalence of traditional
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CVD risk factors like obesity and hypertension [25]. In addition,
the PREDIMED-Plus randomized trial found that, after 12 months,
improvements in CQI were strongly associated with concurrent
favorable CVD risk factor changes, which persisted over time in
overweight/obese adults with metabolic syndrome. Blood pres-
sure, fasting blood glucose, and glycated hemoglobin, as well as
triglycerides levels, all decreased as the CQI improved. Addition-
ally, HDL-c levels showed significant increases as CQI changes
improved [24]. However, the relationship between the CQI and
subclinical atherosclerosis had not yet been studied, and presently
there are no former studies focusing on femoral arteries.

Our findings extend the knowledge of the benefits of a high CQI
on CVD events, showing benefits in the early stages of the athero-
sclerosis process. Atherosclerosis develops throughout our lifespan,
from childhood to adulthood [48], and the quality of carbohydrates
is already relevant from middle age onwards. The CQI association
could be confirmed statistically with femoral plaques while only a
mild association tendency appeared with carotid plaques. This is
probably due to the age range of our sample, which is mainly
composed of middle-aged men. When middle aged, subclinical
atherosclerosis appears primarily in the femoral arteries, where, in
addition, atherosclerosis is more strongly associated with known
CVD risk factors [28,29].

Finally, this evidence provides grounds for specific recommen-
dations on improving dietary carbohydrates quality in CVD primary
prevention campaigns. CQI could also be used to inform about poor
quality diets, to encourage specific qualitative changes in diets, as
well as to monitor the success of these changes. Therefore, public
health dietary recommendations should include improving the
quality of dietary carbohydrates, rather than only limiting their
intake quantity. In addition, it is worthwhile educating the general
public to the benefits of food with high-quality carbohydrates,
while at the same time, being able to identify this food.

Our study has several strengths, among which having been
carried out with standardized protocols stands out. The study also
used high-quality data collection methods to obtain information
on subclinical atherosclerosis, both in femoral as well as carotid
territories. However, it has also several limitations. First, the cross-
sectional design does not allow to establish causality nor the
temporality of the associations found, although in this case, dietary
intake was not modified by the presence of subclinical disease.
Second, our sample of females is too small to analyze separately, so
we only included a middle-aged male sample. In addition, this is a
sample of working men who all work in the same car assembly
plant, thus, the results may not be directly generalized to other
populations. Third, although the dietary assessment was con-
ducted using FFQ by trained interviewers, we cannot rule out the
presence of some misclassification [49]. However, the scientific
literature supports that the FFQ is a feasible tool to evaluate food
habits in epidemiological studies [34,50]. Fourth, even though we
adjusted for the major potential confounders, residual confound-
ing is still possible. Lastly, the use of the CQI could make the
comparison with previous results difficult.

5. Conclusions

Our results suggest a protective effect of the consumption of
high-quality carbohydrates on the presence of subclinical athero-
sclerosis in the femoral territory.
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