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Abstract: Atherosclerosis—considered the major cause of cardiovascular diseases (CVDs)—is strongly
associated with obesity, to which it strongly contributes. Moreover, atherosclerosis is characterised
by a long asymptomatic phase, and its progression can lead to serious cardiovascular (CV) events.
The carotid intima-media thickness (cIMT) has been determined as a predictor of CV events, as
well as a marker of subclinical atherosclerosis, and has been used in clinical trials as an alternative
assessment method or a surrogate endpoint. It should be noted that several behavioural approaches
can directly influence the cIMT values, and decrease or increase the CV risk. In our paper, we aimed
to summarize the current knowledge regarding IMT measurement among patients with obesity as a
risk group—also in terms of the obesity paradox where the diagnosis of subclinical atherosclerosis is
especially essential and implements the early therapeutic approach. We also summarized behavioural,
modifiable factors, such as the Mediterranean diet, the Dietary Approach to Stop Hypertension Diets,
body weight reduction or the intake of micro- and macronutrients, with a particular focus on the
studies where the cIMT values were one of the outcomes. In order to collect the literature data related
to the presented topic, the PubMed database was explored.
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1. Introduction

Atherosclerosis is a chronic inflammatory disease of the arteries, with a long asymp-
tomatic phase, and has been considered the major cause of cardiovascular diseases (CVDs).
It is estimated that atherosclerosis constitutes an underlying cause of around 50% of all
deaths in the Western countries [1]. Moreover, CVD accounts for 37% and 35% of potential
years of life lost (PYLL) among females and males, respectively. In 2017, almost 35 million
people suffered from ischaemic heart disease (IHD), which was a major contributor to
disability-adjusted life years (DALYs; one DALY corresponds to one lost year of healthy life)
due to CVD [2]. Obesity—defined by the World Health Organization as an excessive fat
accumulation, with a Body Mass Index (BMI) greater than or equal 30 m/kg2—is a major
modifiable risk factor of CVD significantly contributing to the development of atheroscle-
rosis [3]. A recently published meta-analysis demonstrated that each 10 cm increase of
waist circumference increased the risk of CVD by 4.0% and 3.4% among men and women,
respectively [4]. Furthermore, obesity prevalence has been on the increase for a number of
years, and it can affect the cardiovascular (CV) risk both directly and indirectly (Figure 1).
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Figure 1. Indirect and direct ways in which obesity increases the cardiovascular risk ↑. —increased. 

In the clinical practice, atherosclerosis can be diagnosed by means of several meth-
ods. In the late 20th century, the association between an ultrasound measurement of the 
aortic wall thickness and atherosclerosis was observed, which further led to a conclusion 
that hypercholesterolemic patients presented a larger common carotid intima-media 
thickness (cIMT)—the thickness of the intimal and medial layer of the carotid artery wall 
[5]. Subsequently, cIMT was presented as a predictor of CV events and a marker of sub-
clinical atherosclerosis in various populations. However, several aspects—for example, 
various guidelines for measuring cIMT in a given country, or the choice of measurement 
sites—should be considered when evaluating whether cIMT should be a routine method 
in the clinical practice. Nevertheless, cIMT is frequently used in clinical trials as an alter-
native method, or a surrogate endpoint, also among the population suffering from obe-
sity. 

Moreover, the relationship between atherosclerosis and obesity is complex, with in-
flammatory state as the major link [6,7]. Excessive body weight is often associated with a 
localized inflammation in the adipose tissue, which leads to the low-grade, chronic, sys-
temic inflammation; however, the initial trigger for obesity-associated inflammation has 
not been fully discovered [8]. Nevertheless, among patients with obesity frequently pre-
sent with an increased number of macrophages, elevated concentrations of inflammatory 
mediators—e.g., interleukin-6, interleukin-1β and tumour necrosis factor-α—or an altered 
secretion of adipokines (characterized by pro- and anti-inflammatory properties) [9]. Fur-
thermore, systemic inflammation induced by obesity is also one of the triggering factors 
of obesity-associated metabolic comorbidities, e.g., type 2 diabetes mellitus (T2DM) or in-
sulin resistance. It should be highlighted that elements such as insulin resistance and sev-
eral adipokines (e.g., retinol-binding protein 4 (RBP4) or lipocalin) can also negatively af-
fect the vascular endothelium. Moreover, currently available studies have found their as-
sociation with the increased cIMT values [10–14]. 

Although behavioural factors, such as diet or overall lifestyle, constitute the essential 
and modifiable factors in CVD, a number of patients with obesity fail to follow the guide-
lines regarding proper nutrition [15]. Moreover, several nutrients or dietary patterns have 
been found to be associated—positively or negatively—with the cIMT values, which 
could provide a potential approach to decrease the atherosclerosis risk, if analysed more 
thoroughly. 

Figure 1. Indirect and direct ways in which obesity increases the cardiovascular risk. ↑—increased.

In the clinical practice, atherosclerosis can be diagnosed by means of several methods.
In the late 20th century, the association between an ultrasound measurement of the aortic
wall thickness and atherosclerosis was observed, which further led to a conclusion that
hypercholesterolemic patients presented a larger common carotid intima-media thickness
(cIMT)—the thickness of the intimal and medial layer of the carotid artery wall [5]. Sub-
sequently, cIMT was presented as a predictor of CV events and a marker of subclinical
atherosclerosis in various populations. However, several aspects—for example, various
guidelines for measuring cIMT in a given country, or the choice of measurement sites—
should be considered when evaluating whether cIMT should be a routine method in the
clinical practice. Nevertheless, cIMT is frequently used in clinical trials as an alternative
method, or a surrogate endpoint, also among the population suffering from obesity.

Moreover, the relationship between atherosclerosis and obesity is complex, with in-
flammatory state as the major link [6,7]. Excessive body weight is often associated with
a localized inflammation in the adipose tissue, which leads to the low-grade, chronic,
systemic inflammation; however, the initial trigger for obesity-associated inflammation
has not been fully discovered [8]. Nevertheless, among patients with obesity frequently
present with an increased number of macrophages, elevated concentrations of inflamma-
tory mediators—e.g., interleukin-6, interleukin-1β and tumour necrosis factor-α—or an
altered secretion of adipokines (characterized by pro- and anti-inflammatory properties) [9].
Furthermore, systemic inflammation induced by obesity is also one of the triggering factors
of obesity-associated metabolic comorbidities, e.g., type 2 diabetes mellitus (T2DM) or
insulin resistance. It should be highlighted that elements such as insulin resistance and
several adipokines (e.g., retinol-binding protein 4 (RBP4) or lipocalin) can also negatively
affect the vascular endothelium. Moreover, currently available studies have found their
association with the increased cIMT values [10–14].

Although behavioural factors, such as diet or overall lifestyle, constitute the essen-
tial and modifiable factors in CVD, a number of patients with obesity fail to follow the
guidelines regarding proper nutrition [15]. Moreover, several nutrients or dietary pat-
terns have been found to be associated—positively or negatively—with the cIMT values,
which could provide a potential approach to decrease the atherosclerosis risk, if analysed
more thoroughly.

In our non-systematic review, we aimed to summarize the current knowledge regard-
ing IMT measurement among patients with obesity as a risk group, in which the diagnosis
of subclinical atherosclerosis is especially essential and implements the early therapeutic
approach. We also summarized behavioural, modifiable factors essential in decreasing
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cardiovascular risk, with a particular focus on the studies where the cIMT values were
one of the outcomes. In order to collect the literature data related to the presented topic,
the PubMed database was explored using the terms: “intima-media thickness”, “obesity”,
“bariatric surgery”, “diet”, “physical activity”, “cardiovascular risk”.

2. Intima-Media Thickness in General Practice

Usually, symptomatic CVD occurs when atherosclerosis progresses to a flow-limiting
disease leading to ischemia, or when an atherosclerotic plaque ruptures or erodes [16].
Although atherosclerosis does not inevitability lead to a CV event, it increases its risk.
Therefore, the identification of high-risk, asymptomatic patients will reduce the CVD
risk [17]. In order to define the presence of subclinical vascular disease, imaging of the
arteries was proposed as one of the risk assessment methods. In fact, effectiveness of
this technique was confirmed in the prospective trials with long-term follow up stud-
ies or observational studies (e.g., the Multi-Ethnic Study of Atherosclerosis, the Carotid
Atherosclerosis Progression Study or the Rotterdam study). Additionally, cIMT has become
an established, independent predictor for future cardiovascular events, e.g., stroke or my-
ocardial infarction [18–21]. However, cIMT measurement should be combined with other
methods, for instance plaque measurements, in order to provide the highest prediction for
CV events. According to the guidelines of the European Society of Cardiology/European
Atherosclerosis Society (ESC/EAS), IMT is a poorer indicator than the coronary artery
calcium (CAC) score and carotid plaque detection, although the MESA study found that
IMT is a better predictor in terms of stroke. Moreover, IMT should be considered among
individuals who present a low or moderate risk—mostly asymptomatic 45–75-year-old
men and 55–75-year-old women, as well as in individuals with the metabolic syndrome,
family history of premature coronary heart disease and two or more National Cholesterol
Education Program (NCEP) risk factors [19,22]. The above-mentioned MESA study also
helped clarify several technical aspects of the cIMT measurement process improving the
reproducibility and increasing the predictive power for CV events, which can also be found
in the statement of the American Society Echocardiography [23]. Moreover, according to
the Mannheim Consensus, it is essential to distinguish the difference between cIMT and
carotid plaque, which encroaches into the arterial lumen by at least 0.5 mm, or 50% of the
surrounding IMT value, or presents a thickness > 1.5 mm as measured from the media–
adventitia interface to the intima–lumen interface [24]. Furthermore, IMT measurement
should be performed in a location free of plaque, with a clearly visible double-line pattern,
which will increase the accuracy and reproducibility of the measurement. Moreover, it
should preferably be measured at least 5 mm below the end of the far wall of the common
carotid artery, as a measurement taken on the near wall may be less reliable and should be
recorded independently from the IMT of the far wall. It is also essential to bear in mind
that there are several substantial ethnic and gender-specific differences which should be
taken into account in the course of the results interpretation [25,26].

Moreover, the Mannheim consensus concludes that IMT has been suggested to repre-
sent an important risk marker, although it does not fulfil the characteristics of an accepted
risk factor and there is no need to “treat IMT values”. Nevertheless, on the basis of the
current data, it has been established that cIMT constitutes a useful clinical tool, does not
entail radiation exposure and, additionally, it is a sensitive, reproducible and a relatively
low cost technique allowing for the detection of early-state atherosclerosis. Therefore,
it should be further investigated in order to determine whether cIMT will also improve
long-term CVD outcomes [27,28].

3. Intima-Media Thickness Assessment among Patients with Obesity—Subclinical
Atherosclerosis and the Predisposing Factors

According to the study by van Mil et al., cIMT was one of two parameters used as an
outcome measure for atherosclerosis in patients with morbid obesity, qualified for bariatric
surgery [29]. Additionally, cIMT was lower in women when compared to men; however,
after the adjustment of co-variables, cIMT was mostly influenced by waist circumference,
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age, high-density lipoprotein cholesterol (HDL-C) and mean arterial pressure (MAP). Inter-
estingly, low-density lipoprotein cholesterol (LDL-C) levels were higher among women
than in men, which could have been influenced by the fact that men were more likely
to suffer from T2DM and were prescribed with lipid-lowering drugs. Moreover, post-
menopausal women presented higher cIMT values than premenopausal women, 0.591 mm
and 0.512 mm, respectively. Men demonstrated higher cIMT values than premenopausal
women, which was not statistically significant, whereas the values were higher in post-
menopausal women than in men. Although obesity has been one of the main causes of
CVD, there is evidence indicating that patients with obesity may actually have a better
prognosis for CVD in comparison to patients with a BMI within a normal range. This
phenomenon is referred to as the “obesity paradox”, and may be associated with the term
“metabolically healthy obesity (MHO)” [30]. According to Romagnolli et al., subjects with
obesity, as well as individuals with or without the metabolic syndrome, presented in-
creased subclinical atherosclerosis compared to individuals not suffering from obesity [31].
These differences remained significant following an adjustment for sex, age, race and
smoking status in individuals both classified as MHO and as metabolically healthy (MH).
Furthermore, an additional adjustment for HDL-C, TG, systolic blood pressure and fasting
plasma glucose also did not change the significance between the cIMT values in cases of
metabolically unhealthy obesity (MUO) and MHO. These results suggest that obesity is
independently associated with an increased cIMT, irrespective of the presence or absence
of the metabolic abnormalities. Interestingly, it also suggests that the definition of MHO
could be inadequate, as individuals with obesity presented an increased CV risk (defined
by the increased cIMT values). Moreover, subclinical atherosclerosis can also correlate
with hepatic fat accumulation—in the study by Farcaş et al., fatty liver index (indicating
the presence of non-alcoholic fatty liver disease) was strongly associated with cIMT in
all obesity phenotypes, including MHO [32]. Jae et al. obtained similar results in their
study, where MHO individuals presented a higher prevalence of the subclinical cIMT.
However, this association was affected by an increased level of cardiorespiratory fitness
levels, which could be considered as a potential modulator of the association between
MHO and CVD outcomes [33]. Nevertheless, it should be noted that in this study obesity
was defined as BMI ≥ 25 kg/m2 (criteria for the Asian population). On the other hand, in
the CordioPrev Study, metabolic abnormalities were clear determinants of an increased
cIMT, and the presence of an increased body weight increased cIMT, but not when obesity
was not associated with a metabolic disease [34]. The values of cIMT in subjects with no
CV risk factors were mostly determined by age, male sex, systolic blood pressure (SBP)
and LDL-C levels [28]. The association was poorly correlated with SBP and LDL-C level,
although it increased significantly for SBP above 120 mmHg and LDL-C levels above
125 mg/dL, which highlights their possible influence on the atherosclerotic process even at
non-pathological levels. Moreover, the link between the inflammation and intima-media
thickness has been well established. Neutrophil-to-lymphocyte ratio (NRL) in the critically
ill patients has been demonstrated to correlate with the systemic inflammation, chronic
low-grade inflammation and the atherosclerotic process, e.g., with the accumulation of
lipids in the arteries or other atherogenic mechanisms. As Suárez-Cuenca et al. suggested,
NRL correlated positively with visceral adiposity and with pro-inflammatory mediators
as well as with leptin, and was negatively correlated with adiponectin. As the authors
suggested, NRL could constitute a possible biomarker for the subclinical atherosclerosis
as it was associated with cIMT higher than 0.9 mm. According to the MESA study, high-
sensitivity C-reactive Protein (hsCRP) may be useful in identifying a non-obese risk group
of the subclinical atherosclerosis. Interestingly, some gender differences were observed in
the association between inflammation and atherosclerosis. Moreover, Lin et al., in their
study, claim that hsCRP ≥ 2 mg/L levels were useful in identifying higher values of cIMT
among men without obesity, but not in women [35]. The most frequently mentioned factors
associated with the increased cIMT values are presented in Figure 2.
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4. Reducing cIMT Values—Behavioural and Clinical Factors

The cIMT measurement was an independent predictor of a CV event among individu-
als in the Framingham Offspring Study, conducted by Polak et al. [36]. In the systematic
review and a meta-analysis conducted by Lorenz et al., an elevation in cIMT by 0.1 mm,
increased the future risk of myocardial infarction by 10–15% and the stroke risk by 13–
18% [37]. According to a large, recent meta-analysis, a decrease in the progression of cIMT
per 10 µm per year reduced the relative risk for CVD by 0.91 [38]. These results may provide
a missing implication of cIMT as a CV risk marker, and a progression of cIMT may be a
useful surrogate endpoint in the clinical trials, which could help in the development and
assessing the efficacy of new therapeutic approaches.

4.1. Diet

Proper diet and nutritional behaviours are essential in both preventive and therapeutic
approaches in CVD management. Several dietary patterns and supplementation of the
chosen dietary compounds have been effective in decreasing IMT values.

4.1.1. Folate, Folic Acid and Vitamin B12

Increased concentrations of homocysteine have been positively and independently
associated with an increased risk of vascular diseases. Folate supplementation (5 mg/day)
for 12 weeks had a beneficial effect on the maximum left cIMT values in patients with
the metabolic syndrome. However, it did not affect mean values of the left and right
cIMT, and the maximum of right cIMT values [39]. Moreover, supplementation of folic
acid significantly reduced serum insulin, as well as pro-inflammatory cytokines and im-
proved abnormal lipid profile. Similar results were obtained in other studies—among
individuals with at least one CV risk factor, 18 months of folic acid supplementation
significantly reduced homocysteine levels and, additionally, a significant regression of
cIMT was observed when compared to a significant progression of cIMT in the placebo
group [40]. In women suffering from the polycystic ovary syndrome, folate supplementa-
tion (5 mg/day) for 8 weeks significantly decreased homocysteine and insulin levels, and
improved lipid profile in total-, LDL- and non-HDL-cholesterol concentrations, although
it did not affect the other lipid profiles [41]. Moreover, an additional supplementation of
folic acid (5 md/day) and vitamin B12 (0.5 mg/day) among individuals with the metabolic
syndrome also significantly decreased homocysteine levels, indirectly reducing the CV
risk and the atherosclerotic process. In a meta-analysis of randomized clinical trials by
Qin et al., the effectiveness of folic acid supplementation in reducing the progression of
cIMT was confirmed. This effect was particularly observed in individuals with chronic
kidney disease (CKD) or with the high CV risk, where higher reductions of the baseline
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cIMT and homocysteine concentrations were found [42]. It should be highlighted that
patients with CKD are at a significantly higher risk of developing CVD, including ischaemic
stroke [43,44]. According to Yu et al., the estimated glomerular filtration rate (eGFR) was
negatively correlated with the degree of carotid stenosis [45]. In another study, carotid
atherosclerosis was found to be a common pathology of stroke and CKD; moreover, as the
authors suggested, IMT could also be a marker for evaluating the pathology of CKD [46].
The relationship between carotid atherosclerosis and CKD could be associated with the
chronic inflammation observed in patients with CKD, which could promote the vascular
atherosclerosis. Furthermore, among the CKD patients, thyroid dysfunction can also be ob-
served which can increase the CV events risk [47]. Moreover, RBP4—adipokine involved in
the atherosclerotic process—was negatively correlated with eGFR in patients with CKD [48].
Strain vessel hypothesis could also constitute the linking mechanism between CKD, CVD
and stroke—the strain vessels are branching off directly from the large vessels and can lead
to a vascular dysfunction if exposed to a high blood pressure gradient [49].

It is worth bearing in mind that vegetarian diets are mostly cardioprotective—in fact,
thinner IMT and better blood pressure, lipid and metabolic profiles were observed among
the lacto-vegetarians. Nevertheless, they can be also associated with an increased risk
of several nutritional deficiencies, including vitamin B12 deficiencies, which, together
with a possible higher salt intake and increased triglyceride levels among individuals
following a certain vegetarian diet, can increase the risk of atherosclerosis [50]. Vitamin B12
(500 mcg/day) supplementation for over 24 weeks improved cIMT among the vegetarians;
however, this association was subtle, and more research in this aspect is needed [51].

4.1.2. Vitamin D, Vitamin K and Calcium

Vitamins D, K and calcium can beneficially affect atherosclerotic plaque, for instance
by improving the insulin status and decreasing pro-inflammatory and oxidative stress
markers. Decreased vitamin D levels have been associated with the increased cIMT values
among patients with a chronic kidney disease [52]. Moreover, a combined supplementation
of vitamin D and calcium improved the metabolic status among women with gestational
diabetes mellitus [53]. In the study conducted on T2DM individuals with a coronary
heart disease (CHD), a 12-week co-supplementation of the abovementioned compounds
(i.e., 5 µg of vitamin D; 90 µg of vitamin K; 500 mg of calcium, twice a day), significantly
reduced the maximum levels of the left cIMT, as well as improved the metabolic status.
Nonetheless, it did not affect the mean values for the right and left cIMT or the maximum
of right cIMT [54]. However, in another study, vitamin D supplementation (combined with
the supplementation of omega-3 fatty acids) did not decrease the risk of cardiovascular
incidence—such as stroke or myocardial infarction—when compared with the placebo
group [55]. As the authors suggested, vitamin D could affect cIMT, although it may not
influence the risk of the cardiovascular disease. However, it should be noted that only one
dose of vitamin D was tested, and the trial will continue further in order to confirm the
results (the results have not been published yet).

A single supplementation of vitamin K (90 µg/day) for over 9 months reduced the
progression of cIMT and atherosclerosis in individuals with a chronic kidney disease [56].
Moreover, postmenopausal women constitute an interesting group with regard to the car-
diovascular risk and calcium supplementation. In terms of an increased risk of osteoporosis
following menopause, a proper dietary calcium intake and/or calcium supplementation is
essential. However, calcium supplementation among postmenopausal women can have
the opposite effects concerning the CV risk and CVD. For instance, after two-year-long
supplementation of calcium (800 mg/day), increased cIMT and serum cholesterol con-
centrations were observed [57]. In several studies, calcium supplementation positively
influenced the lipid profile, whereas in other studies, no effect was observed [58–60]. In
the Reid meta-analysis, calcium supplements increased the risk of myocardial infarction by
27–31% and increased the risk of stroke by 12–20%. In terms of the current data, calcium
supplementation should be administered with caution and with the proper assessment of
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the dietary calcium intake [61]. The dietary sources of calcium, vitamin D and vitamin K
are presented in Figure 3.
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4.1.3. Magnesium

Magnesium supplementation (250 mg/day) for 24 weeks significantly reduced the
mean and maximum levels of the left cIMT, as well as the mean levels of the right cIMT
among patients with diabetes and haemodialysis [62]. Moreover, magnesium supplemen-
tation improved the insulin and lipid profile statuses, although they did not influence the
maximum right cIMT or other metabolic profiles. Patients with diabetes and requiring
haemodialysis are a particular group in terms of magnesium status and the atheroscle-
rotic process. In fact, magnesium levels were significantly lower in this group when
compared to the controls, and it was associated with an increased risk of atherosclerosis
of cIMT [63,64]. Magnesium can improve glucose and lipid profiles, and can positively
affect the pro-inflammatory markers [65]. The dietary sources of magnesium are presented
in Figure 3.

4.1.4. Mediterranean and the Dietary Approach to Stop Hypertension Diets

Mediterranean diet (MeD) is recommended by the cardiovascular societies in the
prevention and treatment of CVD; therefore, adherence to the Mediterranean diet can
protect against the development of the atherosclerotic plaque and can decrease overall
vascular events [66,67]. According to Gardener et al., MeD was not associated with cIMT;
however, the results suggested that the dietary habits consistent with MeD could reduce
the carotid atherosclerotic plaque and the stroke risk, since adherence to the MeD was
inversely associated with the 75th percentile of plaque thickness, as well as with the
50th percentile of plaque area [68]. In the PREDIMED-Navarra (Prevención con Dieta
Mediterránea) study, additional supplementation with olive oil or nuts in MeD did not
significantly reduce cIMT after one year of treatment. Nevertheless, these approaches were
effective in individuals with the higher baseline IMT values, which could suggest that
the subclinical atherosclerotic process can respond to a dietary intervention in a relatively
short period of time [69,70]. It should be emphasised that the dietary patterns used in
the PREDIMED study demonstrated a reduction of the CVD risk by about 30% [71–74].
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Currently, due to several controversies concerning the PREDIMED study, a new trial known
as PREDIMED-PLUS has been conducted, and the final results have been progressively
published. Among the individuals with newly diagnosed type 2 diabetes, MeD has been
associated with a decrease in the cIMT values, as well as in the circulating levels of the
endothelial progenitor cells, and has been more effective in the prevention of the subclinical
atherosclerosis progression than the low-fat diet [75,76]. In the MeD, much attention is
devoted to the consumption of red, dry wine. Da Luz et al. observed that there were
no differences in the IMT values among the red wine drinkers or non-drinkers; however,
calcium scores—associated with arterial calcification—were higher among the drinkers [77].

The Dietary Approach to Stop Hypertension (DASH) is a dietary pattern similar to
the MeD, with less emphasis on the use of extra-virgin olive oil than in MeD. Additionally,
the DASH diet is also useful in reducing the CV risk and is a widely accepted nutritional
approach [78,79]. According to Maddock et al., long-term adherence to the DASH diet was
associated with decreased cIMT values (even following the adjustment for BMI, smoking
status or the physical activity level) [80].

4.1.5. Fats and Carbohydrates

The cIMT values significantly improved following the introduction of vegetable oils
(rich unsaturated fatty acids), particularly in the group of flaxseed and olive oils [81]. More-
over, the supplementation of unsaturated fatty acids from vegetable oils improved the in-
flammatory status and prothrombotic conditions, including reductions in CRP, Apolipopro-
tein B/Apolipoprotein A1 concentrations—in olive and sunflower oils. Those results are
in accordance with numerous guidelines of cardiovascular societies, since it is generally
recommended to increase consumption of saturated and trans fatty acids in favour of
the unsaturated fatty acids. However, as Angerer et al. pointed out in their study, no
reduction of the atherosclerotic plaque in carotid arteries was observed after two-year-
long supplementation of unsaturated fatty acids (1.65 g of omega-3 polyunsaturated fatty
acids) [82]. Furthermore, it could also be suggested that saturated fat intake is not an inde-
pendent risk factor for CVD; however, an increased intake of polyunsaturated fatty acids
(in replacing saturated or trans fatty acids or carbohydrates) can lower the CV risk [83].
When comparing a low-carbohydrate diet to a traditional diabetic diet in poorly controlled
T2DM individuals, no positive changes in the cIMT values were observed (the cIMT values
remained relatively the same). Nevertheless, an increase in cIMT was observed among
individuals following the second type of diet after 18 months of intervention (the amount
of carbohydrates was 82.3 g/day and 161.6 g/day, respectively) [84]. A low-carbohydrate
diet had, however, a positive impact on SBP/DBP (diastolic blood pressure), hip and waist
circumference and glycaemic control, and did not negatively influence the lipid profile or
creatinine levels.

4.2. Lifestyle, Physical Activity and Diet Quality Interventions

A greater diet quality (with reference to the consumption of carbohydrates, magne-
sium, fibre, sugars and the Alternate Health Eating Index) was associated with a greater
cIMT regression following a two-year intervention among individuals with type 1 and type
2 diabetes [85]. Similar results were demonstrated when individuals with type 1 and type 2
diabetes increased their intake of fruits and vegetables, and slightly increased the consump-
tion of yoghurt (a planned increase of dairy intake was not achieved). An improvement in
the dietary quality was observed, and although it was not fully maintained after 12 months
of an intervention, it was associated with a greater reduction of cIMT progression [86]. The
cIMT values were inversely associated with the intake of pulses, carbohydrates, cruciferous
vegetables, an increased amount of vegetable nitrate and fruits, as well as with a lower
intake of total and saturated fats [87–90].

Lycopene and lutein supplementation significantly decreased the cIMT values fol-
lowing 12 months, whereas the combination of lutein and lycopene (lutein 20 mg/day
and lycopene 20 mg/day) was more effective than the supplementation of only lutein
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(20 mg/day) in reducing cIMT in individuals with subclinical atherosclerosis—by 0.073 mm
and 0.035 mm, respectively [91]. In addition, isoflavones are considered beneficial in the
prevention of CVD. However, it has been suggested that depending on the soy intake, equol
(daidzein metabolite) contributes more significantly to the reduced CV risk—equol excre-
tors consuming more soya isoflavones presented a significantly lower cIMT and higher
HDL-cholesterol concentrations than equol excretors with a lower soya intake [92]. Addi-
tionally, dried garlic powder supplementation (in the form of tablets) has been associated
with the slightly lower cIMT values following three months of treatment [93].

4.3. Weight Loss Interventions and Bariatric Surgery

As already mentioned, obesity has undoubtedly been associated with an increased risk
of premature death and an increased CVD morbidity. Furthermore, one of the approaches
to reduce both obesity and the increased CV risk is weight loss, which can be achieved
behaviourally, pharmacologically or surgically [94]. A 12-month weight loss of at least
5% reduced mean cIMT by 0.02 mm among patients with severe obesity. Nevertheless,
although these results were not statistically significant, the authors estimated that weight
loss could reduce the long-term risk of myocardial infarction and stroke rates by 3%
and 4%, respectively [95]. Moreover, weight loss was easier to achieve when dietary
intervention and physical activity were combined, compared with the case when only
dietary intervention was implemented at the beginning (and then physical activity was
introduced after 6 months)—56% vs. 44% of these two groups reduced their weight,
respectively. A reduction in cIMT was positively correlated with changes in BMI, waist
circumference, fat-free mas, as well as with leptin and insulin concentrations. Similar results
were observed in the study by Vamvakis et al., where intensive lifestyle treatment (diet
combined with physical activity) improved the cIMT values [96]. Interestingly, medical
nutrition therapy provided by a registered dietitian was more beneficial than the usual
care. On the other hand, in other studies, the cIMT values remained unchanged after
nine months, or one year, of lifestyle intervention [97,98]. Nonetheless, as reported by
Marshall et al., there was a tendency for cIMT to decrease in individuals whose Heart
Health Index (HHI)—modelled following several healthy lifestyle scores—was equal to or
higher than 3, compared with individuals whose HHI score was lower than 3 [98].

Bariatric surgery is an invasive therapeutic approach in the treatment of obesity. It can
be performed in patients with severe and morbid obesity or in individuals with the second-
degree obesity with present comorbidities. Bariatric surgery is an extremely effective
treatment of weight-loss improving the metabolic status, also with regard to the CV risk.
Roux-en-Y gastric bypass surgery (RYGB) significantly reduced the mean cIMT values
after 12 months since the surgery in patients with type 2 diabetes or an impaired glucose
tolerance, but not in individuals presenting normal glucose tolerance. It highlights the early,
positive changes in the atherosclerotic plaque—which proved to be reversible—following
the surgery in patients with impaired glycaemic profile or T2DM [99]. Similar results were
obtained in the study by Lambert et al., where a significant reduction of the cIMT values was
observed only after 1–2 months following bariatric surgery (RYGB), independent of weight
loss, but associated with an early reduction in leptin concentrations [100]. Another study
also confirmed the role of RYGB and sleeve gastrectomy in reducing the atherosclerotic
risk by decreasing the values of cIMT after the surgery [101].

5. Conclusions

The cIMT measurement is essential among patients with obesity, even without the
metabolic implications, and can be helpful in the diagnosis of subclinical atherosclerosis in
metabolically unhealthy individuals presenting normal weight. However, it is necessary
to perform further clinical investigations in order to determine a definitive relationship
between the modifications in cIMT and the changes in CV. Several nutrients, e.g., folate
and folic acid, vitamin K, vitamin B12, vitamin D or magnesium, have been found to
positively influence the cIMT values, which could provide a potential approach to decrease
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the atherosclerosis risk. Moreover, it is vital to focus particularly on the role of behavioural
aspects, e.g., dietary patterns, such as DASH or the Mediterranean diet, as well as on the
clinical factors, including bariatric surgery, which can be effective in decreasing both the
cIMT values and the atherosclerosis risk in patients with obesity.
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