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Abstract
Context: The underlying relationship between body mass index (BMI), cardiometabolic disorders, and 
subclinical atherosclerosis is poorly understood.
Objective: To evaluate the association between body size phenotypes and subclinical atherosclerosis.
Design:  Cross-sectional.
Setting:  Cardiovascular disease-free cohort.
Participants:  Middle-aged asymptomatic subjects (n = 3909). A  total of 6 cardiometabolic body size 
phenotypes were defined based on the presence of at least 1 cardiometabolic abnormality (blood 
pressure, fasting blood glucose, triglycerides, low high-density lipoprotein cholesterol, homeostasis 
model assessment-insulin resistance index, high-sensitivity C-reactive protein) and based on BMI: 
normal-weight (NW; BMI <25), overweight (OW; BMI = 25.0-29.9) or obese (OB; BMI >30.0).
Main Outcome Measures:  Subclinical atherosclerosis was evaluated by 2D vascular ultrasonography 
and noncontrast cardiac computed tomography.
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Results:  For metabolically healthy subjects, the presence of subclinical atherosclerosis increased across 
BMI categories (49.6%, 58.0%, and 67.7% for NW, OW, and OB, respectively), whereas fewer differences 
were observed for metabolically unhealthy subjects (61.1%, 69.7%, and 70.5%, respectively). When BMI 
and cardiometabolic abnormalities were assessed separately, the association of body size phenotypes 
with the extent of subclinical atherosclerosis was mostly driven by the coexistence of cardiometabolic 
risk factors: adjusted OR = 1.04 (95% confidence interval [CI], 0.90-1.19) for OW and OR = 1.07 (95% 
CI, 0.88-1.30) for OB in comparison with NW, whereas there was an increasing association between 
the extent of subclinical atherosclerosis and the number of cardiometabolic abnormalities: adjusted 
OR = 1.21 (95% CI, 1.05-1.40), 1.60 (95% CI, 1.33-1.93), 1.92 (95% CI, 1.48-2.50), and 2.27 (95% CI, 1.67-3.09) 
for 1, 2, 3, and >3, respectively, in comparison with noncardiometabolic abnormalities.
Conclusions: The prevalence of subclinical atherosclerosis varies across body size phenotypes. 
Pharmacologic and lifestyle interventions might modify their cardiovascular risk by facilitating the 
transition from one phenotype to another.

Key Words:  body size phenotypes, obesity, subclinical atherosclerosis, cardiovascular risk

Obesity is an expanding worldwide public health epi-
demic with enormous medical and socioeconomic con-
sequences (1). Obesity causes a decline in life expectancy 
due to its association with metabolic and cardiovas-
cular disorders (1, 2). Nevertheless, the underlying re-
lationship between weight, cardiometabolic disorders, 
and cardiovascular risk is complex and far from being 
understood. On the one hand, it is widely recognized 
that obesity-related cardiometabolic disturbances, such 
as dyslipidemia, glucose intolerance, or hypertension, 
are heterogeneously distributed across individuals with 
similar body mass index (BMI). This has resulted in the 
identification of body size phenotypes: subsets of individ-
uals either apparently protected or prone to the devel-
opment of cardiometabolic abnormalities associated with 
overweight and obesity (ie, metabolically healthy obesity 
(3)). On the other hand, some controversial data suggest 
that metabolically healthy obese subjects may not be at 
increased risk for cardiovascular events in comparison to 
their nonobese peers (4). In this context of poor under-
standing of the impact of body size phenotypes on cardio-
vascular risk, there is a need to comprehensively evaluate 
the distribution of subclinical atherosclerosis across body 
size phenotypes.

There is currently no universal definition of body size 
phenotypes based on obesity measures and cardiometabolic 
abnormalities. Obesity is mostly defined using BMI, al-
though waist circumference (WC) criteria are sometimes 
used instead. More problems are found when determining 
a metabolically healthy status. Generally, it has been de-
fined based on the components of the metabolic syndrome 
with the addition of an insulin resistance index and serum 
inflammatory markers (3, 5). This definition is of utmost 
importance because metabolic health has been more 
closely associated with subclinical atherosclerosis than 
obesity (5-7).

Using a large cohort of asymptomatic middle-aged 
subjects without known cardiovascular disease, this study 
aimed to: (a) determine the prevalence of each of the 6 body 
size phenotypes (normal-weight, overweight, and obese; 
with or without cardiometabolic abnormalities) as well 
as their defining components (BMI and cardiometabolic 
status) separately; (b) evaluate both the presence and extent 
of subclinical atherosclerosis by body size phenotypes; and 
(c) assess the distribution of traditional risk factors, life-
style factors, and psychosocial characteristics among body 
size phenotypes and to obtain adjusted estimates evaluating 
the association between body size phenotypes and subclin-
ical atherosclerosis.

Materials and Methods

Study overview

The Progression of Early Subclinical Atherosclerosis 
(PESA) study is an observational cohort of 4184 subjects, 
which aims to understand the determinants of the onset 
and progression of subclinical atherosclerosis diagnosed by 
noninvasive vascular imaging in multiple vascular sites in a 
middle-aged population recruited among employees of the 
Bank Santander Headquarters in Madrid, Spain. Further 
details of the study design and data collection have been 
reported elsewhere (8). The study protocol was approved 
by the Ethics Committee of Instituto de Salud Carlos III 
(Madrid, Spain). All participants provided written in-
formed consent (8).

Study participants

Volunteers from 40 to 54 years old were prospectively in-
cluded in this cohort if at baseline they were free of any car-
diovascular or chronic kidney disease, were not under active 
treatment for cancer, did not have previous transplantation, 
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did not exceed a BMI of 40 kg/m2, and did not have any 
disease that might jeopardize life expectancy by the end of 
the expected follow-up period (6 years). Among the initial 
participants, 275 (6.6%) were excluded from this analysis 
(262 because of incomplete imaging studies and 13 because 
of a lack of information regarding cardiometabolic abnor-
malities). The final sample consisted, therefore, of 3909 
participants.

Measurement of body mass index and 
cardiometabolic components

Anthropometric data (height, weight, and WC) were col-
lected as previously reported and through standardized 
procedures according to the PESA study protocol (8-12). 
The 6 cardiometabolic components were defined according 
to the criteria most commonly reported in the literature 
(3, 13, 14) (Fig.  1): (a) blood pressure ≥130/85  mm Hg 
or antihypertensive medication use; (b) fasting triglyceride 
level ≥150 mg/dL; (c) high-density lipoprotein–cholesterol 
(HDL-C) level <40 mg/dL in men or <50 mg/dL in women 
or lipid-lowering medication use; (d) fasting glucose level 
≥100 mg/dL or antidiabetic medication use; (e) homeostasis 
model assessment of insulin resistance (HOMA-IR) >2.45 

(the 90th percentile); and (f) high-sensitivity C-reactive 
protein (hsCRP) level >0.39  mg/L (the 90th percentile) 
(3, 15). In addition to hsCRP, other systemic markers are 
also reported (16), though they were not used to define 
cardiometabolic abnormalities.

Body size phenotype definitions

Based on their BMI, individuals were classified as being 
normal-weight (BMI <25  kg/m2), overweight (BMI, 25.0-
29.9 kg/m2), or obese (BMI > 30.0 kg/m2). The presence of 
1 or more of the 6 cardiometabolic components was de-
fined as “metabolically unhealthy,” whereas the lack of all 
these components was defined as “metabolically healthy.”

For each participant, body size phenotype was defined 
based on the combination of the BMI category (normal, 
overweight, or obese) and the cardiometabolic category 
(healthy or unhealthy), resulting in 6 categories (Fig. 1).

Assessment of subclinical atherosclerosis

The primary outcomes were obtained using two-
dimensional vascular ultrasound (2DVUS) and 
noncontrast cardiac computed tomography (CCT) in all 

Figure 1.  Definition of cardiometabolic abnormalities and body size phenotypes and description of their prevalence by gender. Abbreviations: BMI, 
body mass index (kg/m2); HDL-C, high-density lipoprotein–cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-
sensitivity C-reactive protein. HOMA was calculated through the following formula: Fasting Serum Insulin Level (Microunits per Milliliter) × Fasting 
Plasma Glucose Level (Millimoles per Liter)/22.5.
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participants, as previously described (9). Briefly, the pres-
ence of atherosclerotic plaques by ultrasound was as-
sessed by a cross-sectional sweep of carotids, infrarenal 
abdominal aorta, and iliofemoral arteries. Plaques were 
defined as focal protrusions into the arterial lumen of 
thickness >0.5 mm or >50% of the surrounding intima-
media thickness, or as a diffuse intima-media thickness 
>1.5  mm (17). The Agatston method was used to esti-
mate the coronary artery calcium score (CACS) from 
CCT images (18).

Both measures, the presence of atherosclerotic plaques 
by vascular ultrasound and a CACS value ≥1, were com-
bined to define the extent of subclinical atherosclerosis. 
Multiterritorial extent was defined according to the number 
of vascular sites with evidence of disease, including right 
carotid, left carotid, abdominal aorta, right iliofemoral, left 
iliofemoral, and coronary arteries. Participants were clas-
sified as disease-free (0 vascular sites affected) or having 
focal (1 site), intermediate (2 to 3 sites), or generalized ath-
erosclerosis (4 to 6 sites) (10).

All images were analyzed at a central Imaging Core 
Laboratory by experienced operators who were blinded to 
participant data.

Traditional risk predictors, lifestyle factors, and 
psychosocial characteristics

Potential confounders, such as traditional risk factors (age, 
gender, and smoking status; all present in main risk scores) 
(19), lifestyle factors (physical activity level, alcohol in-
take, resting sleeping patterns, and eating patterns) and 
psychosocial characteristics (stress and depression) were 
used for adjustment to assess the association between sub-
clinical atherosclerosis and body size phenotypes. Physical 
activity level and resting sleeping patterns were evaluated 
using actigraphy-measured data (12). The quantity of 
sleep was assessed by triaxial accelerometry, using Acti 
Trainers accelerometers (Actigraph, Pensacola, Florida) 
placed on the participant’s waist for 7 days (12). Eating 
patterns were evaluated according to a previous cluster 
definition based on dietary habits obtained in this co-
hort (Mediterranean, Western, and Social-Business) (12). 
Depression and perceived stress at home and work were 
evaluated using the CES-D (Center for Epidemiological 
Studies Depression) (20) and PSS (Perceived Stress Scale) 
questionnaires (21), respectively. All interviews were con-
ducted blinded to clinical, laboratory, and imaging results 
by trained technicians.

Given that some lipid disorders were already included 
in the definition of body size phenotypes, the addition 
of low-density lipoprotein–cholesterol (LDL-C) levels 
to the model might over adjust the model. Nevertheless, 

considering the importance of LDL-C (9), we also per-
formed an additional sensitivity analysis adjusting for 
this risk factor.

Statistical analysis

Categorical variables are described as frequency (%) and 
compared between groups using chi-square tests, while con-
tinuous baseline data were expressed as mean ± standard 
deviation, or median (interquartile range), and differences 
were accordingly compared using the t test with or without 
log transformation for normal and nonnormal distributed 
data, respectively. Univariate and multivariate regres-
sion models were used to assess the evaluation between 
the study variables (BMI, cardiometabolic abnormalities, 
or body size phenotypes) and the main outcomes: (a) or-
dinal models for number of atherosclerotic plaques and 
multi-territorial extent; and (b) logistic models for CACS 
(0 vs ≥1). To control the potential measured confounding 
from the association between body size phenotypes and 
the outcomes related to subclinical atherosclerosis, esti-
mates were adjusted for age, gender, and smoking status, 
physical activity level, alcohol intake, resting sleeping pat-
terns, eating patterns, and psychosocial characteristics 
(CES-D and PSS). Additionally, we also adjusted for LDL-
cholesterol in a sensitivity analysis. All analyses were per-
formed using STATA software version 15.1 (Stata Corp, 
College Station, TX, USA). GraphPad Prism version 6.00 
(GraphPad Software, La Jolla California, USA) was used 
to perform some graphs.

Results

Prevalence and characteristics of body size 
phenotypes

Compared with women (n = 1474; 37.7%), men were 
more often metabolically unhealthy (65.3% vs 42.0%; 
P < 0.001) and had lesser prevalence of normal-weight 
(26.0% vs 68.3%; P < 0.001). The by-gender distribu-
tion of the body size phenotypes is shown in Fig. 1C and 
1D. Within each stratum of BMI, men had a higher per-
centage of metabolically unhealthy subjects than women. 
Metabolically unhealthy status was predominant in over-
weight and obese individuals regardless of their gender. The 
most common phenotype for men was overweight/meta-
bolically unhealthy, whereas women were predominantly 
normal-weight/metabolically healthy.

Demographic factors and clinical characteristics re-
lated to cardiometabolic abnormalities are described by 
body size phenotype in Table 1. Within each BMI strata, 
unhealthy individuals had a higher prevalence of family 
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history of cardiovascular disease compared with metabol-
ically healthy subjects. Similarly, mean WC was consist-
ently higher in metabolically unhealthy subjects within 
each BMI strata.

Outcomes

Outcomes (subclinical atherosclerosis assessed by 2DVUS 
and CACS) are described in Fig.  2. Among nonobese 
subjects (normal-weight and overweight), unhealthy indi-
viduals had higher prevalence of subclinical atherosclerosis 
and multi-territorial extent compared with metabolically 
healthy subjects. In contrast, both healthy and unhealthy 
obese subjects had no significant differences in these out-
comes, except for a higher number of territories with 
plaques in the unhealthy subgroup. The extension of sub-
clinical atherosclerosis (Fig. 2C) steadily increased across 
BMI categories among healthy subjects, whereas for un-
healthy subjects, the extension of the disease was simi-
larly high for overweight and obese when compared with 
normal-weight individuals.

Adjusted association between subclinical 
atherosclerosis and body size phenotypes

To control the potential measured confounding from 
the association between subclinical atherosclerosis and 
body size phenotypes, estimates were adjusted for age, 
gender, smoking status, physical activity level, alcohol 
intake, resting sleeping patterns, eating patterns, and 
psychosocial characteristics. The distribution of these 
demographic data, lifestyle factors, and psychosocial 
characteristics by body size phenotypes is reported in 
Tables 1 and 2.

In the first step, BMI and cardiometabolic abnormalities 
were studied separately to further dissect the association 
between subclinical atherosclerosis and body size pheno-
types after adjustment for confounding (Fig. 3). Whereas 
the number of plaques, positive CACS, and multiterritorial 
extent increased alongside the increase in the number of 
cardiometabolic abnormalities, there was no increase of 
subclinical disease across BMI categories for the number of 
atherosclerotic plaques and the extent of the disease and a 
weak positive trend for positive CACS.

In the second step, we evaluated the association be-
tween subclinical atherosclerosis and body size pheno-
types after adjusting for confounding factors (Fig.  4). 
Among metabolically healthy subjects, overweight and 
obesity were not associated with an increased risk for sub-
clinical disease. Among metabolically unhealthy subjects, 
overweight and obesity were generally associated with 
a higher risk for subclinical atherosclerosis, except for 

Figure 2.  Subclinical atherosclerosis assessed by 2D-vascular ultrasound 
and noncontrast cardiac computed tomography (CCT) in all participants (ob-
served outcomes). Percentages of outcomes within each body size pheno-
type. Number of plaques (panel A) was assessed using two-dimensional 
vascular ultrasound, whereas coronary artery calcium score (panel B) was 
obtained by noncontrast CCT. The multi-territorial extent (panel C) was 
defined by the combination of both imaging techniques and classified 
subjects as disease-free (0 vascular sites affected) or having focal (1 site), 
intermediate (2 to 3 sites), or generalized atherosclerosis (4 to 6 sites) (10). 
Abbreviations: M.H., metabolically healthy; M.U., metabolically unhealthy.
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the number of atherosclerotic plaques in obese-unhealthy 
subjects.

Sensitivity analyses

Even though mean LDL-C did not significantly differ be-
tween the metabolically healthy and the unhealthy over-
weight and obese groups (Table 1), we replicated the main 
findings adjusting for LDL-C on top of the other potential 

confounding factors without obtaining substantial differ-
ences in the association between body size phenotypes and 
subclinical atherosclerosis (data not shown).

Discussion

Principal findings

Our main findings can be summarized as follows: (a) 
the most common phenotype for middle-aged men was 

Figure 4.  Unadjusted and adjusted associations between subclinical atherosclerosis and body size phenotypes. Panel A shows OR (95% CI) for the 
number of plaques assessed by two-dimensional vascular ultrasound (2DVUS), whereas panel B displays the estimates for coronary artery calcium 
score, and panel C for the multi-territorial extent. Unadjusted (black estimates) and adjusted (blue estimates) are reported in all panels. The model 
was adjusted by age, gender, smoking status, physical activity level, alcohol intake, resting sleeping patterns, eating patterns, and psychosocial 
characteristics.

Figure 3.  Unadjusted and adjusted risk for subclinical atherosclerosis by body mass index and cardiometabolic abnormalities. Unadjusted (red es-
timates) and adjusted (blue estimates) are both reported. Multivariate models were adjusted for age, gender, smoking status, physical activity level, 
alcohol intake, resting sleeping patterns, eating patterns, and psychosocial characteristics.
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overweight/metabolically unhealthy, whereas women 
were predominantly normal-weight/metabolically 
healthy; (b) for metabolically healthy subjects, the pres-
ence of subclinical atherosclerosis increases across BMI 
categories, whereas for metabolically unhealthy subjects, 
fewer differences were observed between overweight and 
obese subjects in terms of 2DVUS and CACS findings 
in comparison with their normal-weight counterparts; 
and (c) the association of BMI with subclinical athero-
sclerosis seems to be mostly driven by the coexistence of 
cardiometabolic risk factors.

Implications of using different body size 
phenotypes definitions

The prevalence and characteristics of body size pheno-
types are highly dependent not only on the number of 
cardiometabolic abnormalities needed to define the meta-
bolically “healthy” status but also on which abnormalities 
are included (and their cutoffs) (1, 3, 5, 6) and how obesity 
is defined. This highlights the need to reach a consensus for 
a universal definition to make comparable findings across 
different cohorts. We decided to use the most commonly 
reported list of cardiac abnormalities with their relevant 
cutoffs (3, 14), but applying more stringent criteria to de-
fine the metabolically healthy status. The underlying rea-
soning was that even though these criteria were historically 
based on the components of the metabolic syndrome with 
the addition of an insulin resistance index and serum in-
flammatory markers (1), we felt that patients with only one 
cardiometabolic abnormality (ie, diabetes or dyslipidemia) 
would be misclassified as metabolically healthy. Hence, 
in this cohort, healthy status describes the absence of any 
metabolic disorder.

Comparison with previous studies

The distribution of subclinical atherosclerosis across body 
size phenotypes is quite linear for CACS, consistent with 
previous cross-sectional studies reporting computed tom-
ography outcomes in healthy Korean populations (6, 13). 
In contrast, little difference was observed between meta-
bolically unhealthy overweight and obese subjects in terms 
of the number of plaques observed by 2DVUS. Although 
the most plausible explanation is that the increase in BMI 
has no additive effect to the presence of cardiometabolic 
abnormalities, it cannot be ruled out a certain degree of 
misclassification, given that the assessment of subclinical 
atherosclerosis by 2DVUS is technically harder in obese 
subjects, particularly in deep territories like the abdominal 
aorta and iliac arteries.

In this study performed in an asymptomatic cohort of 
individuals free of overt cardiovascular disease, the pres-
ence of subclinical atherosclerosis observed in obese and 
overweight individuals can be mostly attributed to the 
coexistence of other cardiovascular risk factors, such as 
hypertension, diabetes, and dyslipidemia; hence, this sug-
gests that the impact of BMI increments is driven by the 
cardiometabolic status rather than by the weight itself. This 
was illustrated by the lack of substantial differences across 
subjects with the same metabolic health but different BMI. 
Differences in subclinical atherosclerosis were concentrated 
between groups divided by metabolic health, suggesting a 
major role for metabolic health in subclinical atheroscler-
osis in comparison with weight measures. Currently, there 
is an intense debate about whether metabolically healthy 
obesity is a harmless condition. Some reports have shown 
that metabolically healthy obese subjects are not at in-
creased risk of developing cardiovascular disease over mid-
term follow-up periods compared with healthy nonobese 
(5, 22), although studies with longer follow-up (>10 years) 
have shown a significantly increased risk of mortality (4). 
Nevertheless, our findings suggest that BMI might be a 
suboptimal parameter to evaluate the association between 
obesity and subclinical atherosclerosis.

Unanswered questions and future research

There are several open questions related to the nat-
ural course of body size phenotypes given the lack of 
prospective studies addressing and capturing body size 
phenotypes and transitional statuses (1). It is unclear 
whether healthy overweight or obese individuals can 
maintain insulin sensitivity during their entire life or 
whether these statuses simply represent the delayed onset 
of obesity-related insulin resistance. It is also unknown 
what role might play heritable traits or other causal fac-
tors leading to transitions from healthy to unhealthy 
status, and vice versa. Nevertheless, the importance of 
identifying body size phenotypes relies on the fact that 
environmental and behavioral factors can modify the 
healthy and unhealthy phenotypes, and transitions from 
one to the other phenotype are possible. To date, recom-
mendations for obesity treatment do not consider dif-
ferences between healthy and unhealthy overweight or 
obese phenotypes. However, the stratification of obese 
individuals based on their cardiometabolic phenotype 
may be important to identify those who are to be pri-
oritized for early pharmacological treatment in addition 
to lifestyle intervention. There is already some evidence 
supporting the effect of modifier factors on body size 
phenotypes. Different calorie-restricted weight loss diets, 
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including low-fat, Mediterranean, and low-carbohydrate 
diets have been shown to significantly improve metabolic 
parameters in obese individuals despite only modest 
weight loss after a 2-year intervention, supporting the 
hypothesis that caloric restriction may reverse unhealthy 
into healthy obesity even without large amounts of weight 
loss (23). Also, it has been shown that bariatric surgery in 
morbidly obese patients results in long-term weight loss 
and improvement and/or remission of metabolic diseases 
and comorbidities, suggesting that the unhealthy obese 
phenotype can be reversed at least in selected patients 
(24). Increased physical activity and cardio-respiratory 
fitness may also contribute to making a healthy transi-
tion (25). In this line, a small trial has shown that life-
style interventions that affect weight loss improve insulin 
sensitivity and other cardiometabolic risk factors in frail 
obese older adults. However, continued improvement in 
insulin sensitivity might only be achieved when exercise 
training is added to weight loss (26, 27). Further lon-
gitudinal studies are needed to evaluate the impact of 
lifestyle and treatment modifiers on the delay or acceler-
ation of subclinical atherosclerosis.

Limitations

Associations between body size phenotypes and subclin-
ical atherosclerosis cannot be interpreted as causal re-
lationships given the cross-sectional nature of our data. 
Despite our efforts to adjust for known risk factors in this 
cohort through the use of multivariate modeling (12, 28), 
there may have been residual confounding by unmeas-
ured and measured variables. The PESA study cohort is 
a relatively homogeneous occupational cohort that may 
not be representative of the general population. Some 
limitations have been described for BMI as a measure for 
obesity—ie, it cannot distinguish between fat and lean 
tissue. Collection of real fat distribution and volume using 
imaging techniques would provide more information than 
BMI and WC. Image quality acquisition by 2DVUS might 
affect the outcome in obese patients, particularly in deep 
territories given their suboptimal window. Furthermore, 
statins, which are part of the criteria defining the healthy 
status, may impact the outcomes (fewer plaques and more 
CACS) (29). Importantly, no information was captured 
regarding the duration of exposure to cardiometabolic 
abnormalities and BMI categories. We also lacked in-
formation on the potential role of adipokines and their 
distribution across body size phenotype, although it has 
been described elsewhere that they might have a prog-
nostic value in subjects with and without cardiovascular 
disease (30).

Conclusions

Obesity is an expanding worldwide public health epi-
demic with enormous medical and socioeconomic con-
sequences. Using a thorough approach through several 
imaging techniques, we have observed an increasing preva-
lence of subclinical atherosclerosis across BMI categories 
for metabolically healthy subjects and a steady prevalence 
in overweight and obese metabolically unhealthy subjects 
compared to their normal-weight counterparts. When BMI 
was used to define body size phenotypes, the association 
of weight with subclinical atherosclerosis appeared to be 
mostly driven by the coexistence of cardiometabolic risk 
factors.
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