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FIBFAR: Hemodynamic-Inflammatory Phenotype Associated with
Subclinical Carotid Atherosclerosis in Patients with Cardiometabolic Risk

FIBFAR: Fenotipo hemodinamico-inflamatorio asociado con aterosclerosis carotidea subclinica en
pacientes con riesgo cardiometabdlico
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ABSTRACT

Background: Systemic inflammation and hemodynamic alterations represent complementary pathophysiological mechanisms in-
volved in cardiovascular disease. The identification of integrative phenotypes using noninvasive tools could contribute to better
characterization of subclinical atherosclerosis.

Objective: To evaluate the association between the low-flow, high-systemic vascular resistance hemodynamic-inflammatory pheno-
type (FIBFAR) and the presence of carotid plaque in patients with cardiometabolic risk, defined by the presence of hypertension and
diabetes or prediabetes.

Methods: An observational, analytical, cross-sectional study based on a retrospective analysis of 243 outpatients aged =18 years
with hypertension and diabetes mellitus or prediabetes. Clinical, biochemical, and hemodynamic variables were analyzed, including
high-sensitivity C-reactive protein (hs-CRP), cardiac index (CI), and systemic vascular resistance (SVR) measured by impedance
cardiography. Carotid plaque was assessed using Doppler ultrasound. The association between FIBFAR (hs-CRP =2.5 mg/L, CI <2.5
L/min/m2, and SVR >1600 dynes-'s-cm™®) and carotid plaque was assessed using multivariate logistic regression.

Results: The median age was 58 years (IQR 49-67), and 64.0% were male. The prevalence of carotid plaque was 37.0%. The FIBFAR
phenotype was present in 23.0% of the cohort and was independently associated with carotid plaque (OR 8.60; 95% CI: 4.39-17.70;
p < 0.001), along with age =65 years (OR 1.94; 95% CI: 1.01-3.72; p = 0.047). The model showed appropriate calibration (Hosmer-
Lemeshow p = 0.374) and moderate discriminatory power (AUC = 0.73; 95% CI: 0.66-0.79; p < 0.001).

Conclusions: In patients with cardiometabolic risk, the FIBFAR phenotype was independently associated with subclinical carotid
atherosclerosis. Given the cross-sectional design, these findings should be interpreted as statistical associations and require prospec-
tive validation before their clinical application can be considered.
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RESUMEN

Introduccion: La inflamacién sistémica y las alteraciones hemodindmicas representan mecanismos fisiopatolégicos complementarios
involucrados en la enfermedad cardiovascular. La identificacién de fenotipos integradores mediante herramientas no invasivas po-
dria contribuir a una mejor caracterizacion de la aterosclerosis subclinica.

Objetivo: Evaluar la asociacién entre el fenotipo hemodindmico-inflamatorio de bajo flujo y alta resistencia vascular sistémica (FI-
BFAR) y la presencia de placa carotidea en pacientes con riesgo cardiometabdlico, definido por la presencia de hipertensién arterial
y diabetes o prediabetes.

Material y métodos: Estudio observacional, analitico y transversal con analisis retrospectivo de 243 pacientes ambulatorios =18
anos con hipertensién arterial y diabetes mellitus o prediabetes. Se analizaron variables clinicas, bioquimicas y hemodinamicas, in-
cluyendo proteina C reactiva ultrasensible (PCR-us), indice cardiaco (IC) y resistencia vascular sistémica (RVS) mediante cardiogra-
fia por impedancia. La placa carotidea fue evaluada mediante ecografia Doppler. La asociacién entre el FIBFAR (PCR-us 22,5 mg/L,
IC <2,5 L/min/m2 y RVS >1600 dinas‘s:‘cm™®) y placa carotidea se determiné mediante regresién logistica multivariada.

Resultados: La mediana de edad fue de 58 anos (RIC 49-67) y el 64,0% fueron varones. La prevalencia de placa carotidea fue del
37,0%. El fenotipo FIBFAR estuvo presente en el 23,0% de la cohorte y se asoci6é independientemente con placa carotidea (OR 8,60;
1C95% 4,39-17,70; p<0,001), junto con la edad =65 anos (OR 1,94; IC95% 1,01-3,72; p=0,047). El modelo mostré adecuada calibra-
cién (Hosmer-Lemeshow p=0,374) y capacidad discriminativa moderada (AUC 0,73; IC 95% 0,66-0,79; p< 0.001).
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Conclusiones: En pacientes con riesgo cardiometabdlico, el fenotipo FIBFAR se asocié independientemente con aterosclerosis caro-
tidea subclinica. Debido al disefio transversal, estos hallazgos deben interpretarse como asociaciones estadisticas y requieren valida-

cién prospectiva antes de considerar su aplicacién clinica.

Palabras clave: Fenotipo hemodinamico — Inflamacién - Cardiografia por impedancia - Aterosclerosis carotidea - Placa carotidea

INTRODUCTION

Atherosclerotic cardiovascular disease remains the
leading cause of morbidity and mortality worldwide,
and its burden is increasing in parallel with the rising
prevalence of obesity, diabetes mellitus, dyslipidemia,
and metabolic syndrome. (1,2) Although current risk
stratification models incorporate traditional risk fac-
tors, a significant proportion of cardiovascular events
occurs in individuals whose atherosclerotic burden is
not fully explained by these determinants, prompting
the search for biomarkers and phenotypes that inte-
grate subclinical vascular risk. (3-5)

Low-grade chronic inflammation plays a central
role in atherosclerosis, and high-sensitivity C-reactive
protein (hs-CRP) has become established as a mark-
er of residual inflammation and cardiovascular risk.
(6-13) In parallel, hemodynamic abnormalities such
as increased systemic vascular resistance (SVR) and
reduced cardiac index are associated with vascular
remodeling and progression of atherosclerotic disease
and may be assessed noninvasively using impedance
cardiography. (14-19)

Carotid ultrasound is a validated method for de-
tecting atherosclerotic plaque, one of the markers of
subclinical atherosclerosis with the greatest prognos-
tic value. (20-24) However, inflammatory and hemo-
dynamic mechanisms are typically studied separately.

Based on this, we propose the low-flow, high-sys-
temic vascular resistance hemodynamic-inflamma-
tory phenotype (FIBFAR), defined by hs-CRP =2.5
mg/L, cardiac index (CI) <2.5 L/min/m2, and SVR
>1600 dynes-s-cm™, with these thresholds established
a priori according to widely accepted physiological and
clinical references. (12,13,18,25)

The combination of low-grade chronic inflamma-
tion (defined by hs-CRP =2.5 mg/L), reduced cardiac
index (CI <2.5 L/min/m?2), and increased systemic vas-
cular resistance (SVR >1600 dynes-s-cm?) represents
a prespecified hemodynamic-inflammatory construct
associated with a greater burden of subclinical carotid
atherosclerosis in patients with cardiometabolic risk.
Low-grade chronic inflammation and physical inactiv-
ity may promote endothelial dysfunction, increased
vasoconstrictor tone and vascular resistance, ventric-
ular-arterial uncoupling, and vascular remodeling.

OBJECTIVE

The objective of this study was to evaluate the associa-
tion between the FIBFAR phenotype and the presence
of subclinical carotid atherosclerosis in patients with
cardiometabolic risk. Given the cross-sectional design
of the study, the results were interpreted exclusively

in terms of association and do not allow causal rela-
tionships or predictive capacity to be established (Fig-
ure 1).

METHODS

Design and population

We conducted an observational, analytical, cross-sectional
study based on a retrospective analysis of medical records of
outpatients referred to the Cardiology Department of Sana-
torio Modelo de Caseros (Buenos Aires, Argentina) between
August 2024 and August 2025 for cardiometabolic risk as-
sessment.

For the purposes of this study, cardiometabolic risk was
operationally defined as the concomitant presence of hy-
pertension and diabetes mellitus (or prediabetes), which
were referral criteria for 100% of the cohort. The definition
of both conditions is detailed in the section on clinical and
biochemical variables. Although dyslipidemia, obesity, and
metabolic syndrome were common in the study population
(Table 1), they were not mandatory inclusion criteria.

A total of 243 patients aged 18 years or older were con-
secutively enrolled and underwent complete clinical, bio-
chemical, hemodynamic, and carotid ultrasound evaluations.

Inclusion criteria

- Age =18 years.

- Concomitant diagnosis of hypertension and diabetes
mellitus or prediabetes at the time of referral.

- Availability of high-sensitivity C-reactive protein (hs-
CRP) testing.

- Hemodynamic assessment by impedance cardiography
with measurement of cardiac index (CI) and systemic
vascular resistance (SVR).

- Complete carotid Doppler ultrasound for the assessment
of atherosclerotic plaque.

Exclusion criteria

- Incomplete clinical or biochemical data.

- Body mass index >35 kg/m2, due to technical limitations
of impedance cardiography.

- Acute infectious processes, active systemic inflammatory
diseases, or neoplasms undergoing active treatment.

- Cardiac arrhythmias, hemodynamic instability, or de-
compensated heart failure.

- Any other clinical condition that could significantly alter
hemodynamic parameters or hs-CRP levels at the time of
assessment.

Clinical and biochemical variables

Age, sex, and the main traditional cardiovascular risk fac-
tors were recorded. Hypertension was defined by a prior di-
agnosis or antihypertensive therapy. Diabetes mellitus was
defined by a prior diagnosis, hypoglycemic therapy, or gly-
cated hemoglobin (HbAlc) 26.5%. Dyslipidemia was defined
by a prior diagnosis, lipid-lowering therapy, or low-density
lipoprotein (LDL) cholesterol 2160 mg/dL. Smoking was de-
fined as current smoking or having quit within the past year.
Obesity was defined by body mass index (BMI) =30 kg/mz2.
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Fig. 1. Hypothetical pathophysiological framework of the FIBFAR hemodynamic-inflammatory phenotype
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The figure was created using artificial intelligence.

Metabolic syndrome was defined according to the joint 2009
IDF/AHA/NHLBI criteria. (2)

In addition, drug therapy with potential anti-inflamma-
tory or vasoactive effects (statins, renin-angiotensin system
inhibitors, and antiplatelet agents) was recorded, as was es-
timated renal function using the CKD-EPI equation. These
variables were considered potential confounding factors be-
cause of their known associations with systemic inflamma-

tion, hemodynamics, and carotid atherosclerosis, and were
evaluated during construction of the multivariate model.

Biochemical measurements were performed after a 12-
hour fast and included total cholesterol, LDL cholesterol,
high-density lipoprotein (HDL) cholesterol, triglycerides,
HbAlc, creatinine, and hs-CRP. Pulse pressure was calcu-
lated as the difference between systolic blood pressure and
diastolic blood pressure.
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Hemodynamic assessment

Hemodynamic assessment was performed using impedance
cardiography (Z-Logic® system, Exxer Ingenieria Elec-
tréonica, Buenos Aires, Argentina), a noninvasive technique
validated against reference methods such as thermodilution
and Doppler echocardiography and previously used for the
assessment and management of patients with hypertension
and heart failure. (18,19) Several studies have demonstrated
good agreement between this method and these reference
techniques for estimating cardiac output in various clinical
settings.

Measurements were taken in the morning, after 10 min-
utes of rest in supine position, with caffeine consumption,
smoking, and strenuous exercise avoided during the pre-
ceding 12 hours. The studies were performed by operators
trained and experienced in impedance cardiography, follow-
ing a standardized acquisition protocol recommended by the
manufacturer.

CI (L/min/m2?) and SVR (dynes-s:‘cm™®) values were re-
corded. The SVR cutoff point >1600 dynes's.cm® was se-
lected based on the upper limit of the physiological reference
range (700-1600 dynes-s-.cm®) established in the literature
and has previously been used to define elevated vascular re-
sistance in clinical studies. (18,25,30-31)

No formal assessment of intraobserver or interobserver
variability was performed in the present cohort. The repro-
ducibility of the method is supported by previously pub-
lished validation studies comparing it with thermodilution
and Doppler echocardiography. (18,19)

Definition of hemodynamic-inflammatory phenotypes

The cutoff points used to define the phenotypes were estab-
lished a priori, before the analysis of the database, based
on pathophysiological principles and previously published
clinical evidence, without deriving them from ROC curves
or percentiles from the present cohort. This strategy aimed
to preserve the reproducibility of the construct and avoid
threshold optimization based on the observed results.

A CI <2.5 L/min/m? corresponds to the threshold used
to define a low-flow state in impedance cardiography studies
and previously published clinical algorithms. (18) A hs-CRP
22.5 mg/L falls within the range associated with increased
inflammatory risk according to the AHA/CDC classification
and is close to the threshold =2 mg/L used to define residual
inflammatory risk in contemporary studies. (12,13,26,27)
An SVR >1600 dynes-s-cm™® corresponds to the upper limit
of the physiological reference range (700-1600 dynes-s-cm™)
and was selected as an indicator of increased arterial after-
load and elevated vascular resistance. (25,30-31)

These thresholds were not specifically developed for the
assessment of subclinical carotid atherosclerosis. Therefore,
the FIBFAR phenotype should be interpreted as a prespeci-
fied pathophysiological construct whose association with
subclinical atherosclerosis requires confirmation in inde-
pendent populations and prospective studies.

As an exploratory analysis, the performance of the in-
dividual components of the phenotype was subsequently
evaluated using univariate ROC curves against the presence
of carotid plaque. This analysis was purely exploratory and
did not alter the initially defined cutoff points.

Four mutually exclusive hemodynamic-inflammatory
phenotypes were defined:

- Adaptive phenotype: hs-CRP <2.5 mg/L, CI 2.5 L/min/
m2, and SVR <1600 dynes-s-cm.

- Vasoconstrictor inflammatory phenotype: hs-CRP =2.5
mg/L, CI 22.5 L/min/m2, and SVR >1600 dynes-s-cm™.

- FIBFAR (low-flow, high-resistance inflammatory pheno-
type): hs-CRP =2.5 mg/L, CI <2.5 L/min/m?, and SVR
>1600 dynes-s-cm™.

- Indeterminate phenotype: patients who did not simulta-
neously meet the criteria for the preceding phenotypes.

Carotid atherosclerosis assessment

Carotid assessment was performed using Doppler ultra-
sound (Mindray Consona 7®, 7-14 MHz linear transducer),
with bilateral examination of the common carotid artery, the
carotid bulb, and the internal carotid artery. Operators expe-
rienced in vascular imaging performed the examinations in
accordance with a standardized protocol for image acquisi-
tion and interpretation based on international recommenda-
tions for the ultrasound evaluation of carotid disease.

The presence of carotid plaque was defined according to
the recommendations of the American Society of Echocardi-
ography and the Mannheim Consensus as a focal thickening
protruding into the arterial lumen or an intima-media thick-
ness =1.5 mm in any carotid segment. (20,21)

Statistical Analysis

The analysis was performed using SPSS software v.28.0
(IBM Corp., Armonk, NY, USA), with a significance level of
« = 0.05 (two-sided).

Descriptive statistics: mean * standard deviation (SD)
was used for normally distributed variables or median and
interquartile range (IQR) for non-normally distributed vari-
ables, and frequencies and percentages were used for cat-
egorical variables.

Inferential statistics: The Shapiro-Wilk test was used for
normality. Group comparisons: Student’s t-test or the Mann-
Whitney U test was used to compare 2 groups and one-way
ANOVA or the Kruskal-Wallis test for =3 groups. Repeated
measures were assessed using ANOVA for repeated-meas-
ures or mixed linear models. Categorical associations were
evaluated with the chi-square or Fisher’s exact tests, and
Pearson or Spearman coefficients were used for correlation.

Multivariate models: Multiple linear regression was
performed to identify independent predictors of maximum
AQTc. Multivariate binary logistic regression (stepwise
method) was implemented to identify factors associated with
the occurrence of MVA, including QT variability (dichoto-
mized: QTV 215% vs. <15%), age, obesity, hypertension, and
diabetes as covariates. Crude and adjusted odds ratios (OR)
are reported with their 95% confidence intervals (95% CI).
The goodness of fit was assessed using the Hosmer-Leme-
show test and Nagelkerke’s.

Ethical Considerations

The protocol was approved by the Ethics Committee of the
Sanatorio Modelo de Caseros. The requirement for informed
consent was waived because anonymized data was used.

Statistical analysis
Clinical, biochemical, and hemodynamic characteristics
were compared according to the presence of carotid plaque.
Continuous variables were expressed as mean * standard
deviation or median and interquartile range (IQR), depend-
ing on their distribution as assessed by the Shapiro-Wilk
test; categorical variables were expressed as frequencies and
percentages. Comparisons between groups were performed
using the Student’s t-test or Mann-Whitney U test for con-
tinuous variables and the y2 test or Fisher’s exact test for
categorical variables, as appropriate.

A univariate analysis was performed to identify varia-
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bles associated with the presence of carotid plaque. Variables
with predefined clinical relevance and/or univariate associa-
tion (p < 0.10) were considered candidates for inclusion in a
binary logistic regression model.

The multivariate model included the FIBFAR phenotype
(primary exposure variable), age =65 years, sex, smoking sta-
tus, body mass index, systolic blood pressure, HbAlc, HDL
cholesterol, and diuretic use. Covariate selection combined
prespecified clinical criteria with the results of the univari-
ate analysis, prioritizing a parsimonious model and avoiding
redundant or highly correlated variables. Hypertension and
diabetes mellitus were not included as dichotomous vari-
ables because they were present in 100% of the cohort by
definition of the inclusion criteria; their biological severity
was represented by systolic blood pressure and HbAlc. Hs-
CRP was not included as an independent covariate because
it is a defining component of the FIBFAR phenotype, there-
by avoiding collinearity.

With 90 events (presence of carotid plaque) and nine var-
iables in the model, there were approximately 10 events per
variable (EPV), which was considered adequate to minimize
the risk of overfitting in binary logistic regression models.

Model calibration was assessed using the Hosmer-Leme-
show test, and its discriminatory ability was evaluated us-
ing the area under the ROC curve (AUC). Odds ratios (OR)
with 95% confidence intervals (95% CI) were estimated, as
well as sensitivity, specificity, positive predictive value, and
negative predictive value at the optimal cutoff point. As an
exploratory analysis, the individual diagnostic performance
of hs-CRP, CI, and SVR was evaluated using univariate ROC
curves. A p-value <0.05 was considered statistically signifi-
cant. All analyses were performed using R version 4.5.2 (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Population characteristics

A total of 243 outpatients with cardiometabolic risk
were included; all had hypertension and diabetes mel-
litus or prediabetes, in accordance with the predefined
inclusion criteria. The median age was 58 years (IQR
49-67), and 64.0% were male.

The overall prevalence of carotid plaque was 37.0%
(90/243). Table 1 shows the clinical, biochemical, and
hemodynamic characteristics and concomitant drug
therapy, stratified according to the presence of carotid
plaque.

Patients with carotid plaque had a higher preva-
lence of smoking (62.2% vs. 47.1%; p = 0.020) and a
larger hip circumference (89 vs. 85 cm; p = 0.001),
with no significant differences in the prevalence of
dyslipidemia (66.6% vs. 64.1%; p = 0.900) or in body
mass index (32.0 vs. 30.9 kg/m2; p = 0.080). Note that,
despite the high overall prevalence of dyslipidemia
(66% in the cohort), it showed no association with the
presence of carotid plaque, highlighting the independ-
ent contribution of the inflammatory and hemody-
namic components of the FIBFAR phenotype.

From a biochemical and hemodynamic perspec-
tive, patients with plaque had higher values of
HbAlc (7.4% vs. 6.9%; p = 0.002), hs-CRP (3.5 vs. 1.6
mg/L; p = 0.001), SVR (2250 vs. 2165 dynes‘s-cm?;
p = 0.012), and pulse pressure (63 vs. 60 mmHg;

p = 0.002), together with lower CI (2.4 vs. 2.6 L/min/m?;
p = 0.009) and HDL cholesterol levels (38 vs. 42 mg/dL;
p = 0.022). No significant differences were observed
in age, sex, LDL cholesterol, triglycerides, or left ven-
tricular ejection fraction (LVEF).

Regarding concomitant drug therapy, the use of
diuretics was more frequent among patients with ca-
rotid plaque (29% vs. 18%; p = 0.043). No significant
differences were observed in the use of angiotensin-
converting enzyme inhibitors, angiotensin II receptor
antagonists, calcium channel blockers, beta-blockers,
statins, ezetimibe, fenofibrate, or sodium-glucose
cotransporter 2 inhibitors.

Distribution of hemodynamic-inflammatory phenotypes
The distribution of the four hemodynamic-inflammato-
ry phenotypes is shown in Table 2. The most common
phenotype was the indeterminate phenotype (131 pa-
tients; 53.9%), followed by the FIBFAR phenotype (56;
23.0%), the inflammatory vasoconstrictor phenotype
(32; 13.2%), and the adaptive phenotype (24; 9.9%).
The prevalence of carotid plaque differed sig-
nificantly across the various phenotypes (overall y2;
p <0.001). The FIBFAR phenotype (low-flow, high-
resistance inflammatory phenotype) had the highest
proportion of patients with carotid plaque (75.0%),
followed by the inflammatory vasoconstrictor phe-
notype (56.2%), while the lowest prevalences were
observed in the adaptive phenotype (25.0%) and the
indeterminate (18.5%) phenotype.

Sensitivity analysis of cutoff points

The CI showed modest discriminatory power
(AUC = 0.60), and the optimal cutoff point deter-
mined by the Youden index was 2.5 L/min/m?2, exactly
matching the threshold used to define the phenotype.

Hs-CRP showed moderate discriminatory power
(AUC = 0.70), with a population median of 2.7 mg/L
and an optimal cutoff point of 3.2 mg/L. This value
was slightly higher than the 2.5 mg/Ln predefined
threshold, suggesting that the selected cutoff point
prioritizes sensitivity over specificity for identifying
residual inflammation.

SVR showed the lowest individual discriminatory
power (AUC = 0.60). The optimal cutoff point accord-
ing to the Youden index was 2235 dynes-s:cm™, higher
than the 1600 dynes's-cm® prespecified value, which
corresponds to the upper limit of the physiological ref-
erence range. These findings suggest that SVR alone
has limited ability to discriminate the presence of ca-
rotid plaque in this cohort.

However, the simultaneous combination of ele-
vated systemic inflammation, low cardiac index, and
increased SVR in the FIBFAR composite phenotype
showed a considerably stronger association with the
presence of carotid plaque (adjusted OR 8.60; 95% CI.
4.39-17.70) than any of its components evaluated in-
dividually, supporting the hypothesis that integrating
these domains provides complementary information.
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Table 1. Clinical, biochemical, and hemodynamic characteristics and concomitant drug therapy according to the
presence of carotid plaque

Variable

With plaque (n = 90)

Without plague (n = 153)

Age, years, median (IQR) 60 (52-67) 57 (52-65) 0.200
Male sex, n (%) 58 (64.4) 85 (55.6) 0.200
Smoking, n (%) 56 (62.2) 72 (47.1) 0.020
Dyslipidemia, n (%) 59 (66.6) 98 (64.1) 0.900
BMI, kg/m2, median (IQR) 32 (28.7-33.9) 30.9 (28.1-33.7) 0.080
Hip circumference, cm, median (IQR) 89 (84-101) 85 (77-89) 0.001
SBP, mmHg, median (IQR) 140 (134-146) 140 (124-145) 0.018
LDL-C, mg/dL, median (IQR) 100 (74-123) 110 (84-140) 0.120
HDL-C, mg/dL, median (IQR) 38 (34-45) 42 (36-54) 0.022
Triglycerides, mg/dL, median (IQR) 145 (137-187) 168 (116-211) 0.400
HbA1c, %, median (IQR) 7.4 (6.8-7.5) 6.9 (6.4-7.5) 0.002
hs-CRP, mg/L, median (IQR) 3.5(2.6-5.9) 1.6 (0.85-3.45) 0.001
LVEF, %, median (IQR) 65.5 (58-68) 63 (58-68) 0.500
Cardiac index, L/min/m2, median (IQR) 2.4(2.2-2.6) 2.6(2.2-3.4) 0.009
SVR, dynes-s-cm, median (IQR) 2,250 (1,182-2,613) 2,165 (1,238-2,551) 0.012
Pulse pressure, mmHg, median (IQR) 63 (59-64) 60 (45-64) 0.002
Concomitant drug therapy, n (%)

ACE inhibitors 19 (21.1) 38 (24.8) 0.500
ARAs 63 (70.0) 105 (68.6) 0.900
Calcium channel blockers 36 (40.0) 52 (34.0) 0.400
Beta-blockers 40 (44.4) 77 (50.5) 0.300
Diuretics 26 (28.9) 27 (17.6) 0.043
Aldosterone antagonists 0(0.0) 1(0.7) 0.990
Statins 59 (65.6) 101 (66.0) 0.900
Ezetimibe 3(3.3) 10 (6.6) 0.400
Fenofibrates 10(11.1) 14 (9.2) 0.600
SGLT2 inhibitors 35 (39.9) 52 (34.0) 0.500

ACE inhibitors: angiotensin-converting enzyme inhibitors; ARAs: angiotensin Il receptor antagonists; BMI: body mass index; HDL-C:
high-density lipoprotein cholesterol; hs-CRP: high-sensitivity C-reactive protein; IQR: interquartile range; LDL-C: low-density lipopro-
tein cholesterol; LVEF: left ventricular ejection fraction; SBP: systolic blood pressure; SGLT2: sodium-glucose cotransporter 2; SVR: sys-
temic vascular resistance.Comparisons were performed using the Mann-Whitney test for continuous variables or the y2 test or Fisher’s
exact test for categorical variables, as appropriate.

Table 2. Distribution of hemodynamic-inflammatory phenotypes and prevalence of carotid

plaque
Phenotype n (%) Carotid plaque, n (%)
Adaptive 24 (9.9) 6 (25.0)
Inflammatory vasoconstrictor 32(13.2) 18 (56.2)
FIBFAR 56 (23.0) 42 (75.0)
Indeterminate 131 (53.9) 24 (18.5)
Total 243 (100) 90 (37.0)

FIBFAR: low-flow, high-resistance inflammatory phenotype.
Overall 42 test for the association between phenotype and plaque: p <0.001.
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Multivariate analysis

In the multivariate logistic regression analysis (Table
3), adjusted for smoking status, sex, body mass index,
systolic blood pressure, HbAlc, HDL cholesterol, and
diuretic use, the FIBFAR hemodynamic-inflammato-
ry phenotype was independently associated with the
presence of carotid plaque (OR 8.60; 95% CI: 4.39-
17.70; p <0.001). Age =65 years was also indepen-
dently associated with carotid plaque (OR 1.94; 95%
CI: 1.01-3.72; p = 0.047), while none of the remaining
covariates reached statistical significance. It is worth
noting that dyslipidemia, despite its high prevalence
in the cohort (66%), was not included in the multivari-
ate model because it did not show a significant asso-
ciation in the univariate analysis (p = 0.90), which re-
inforces the independent contribution of the FIBFAR
phenotype beyond traditional lipid risk factors.

The model demonstrated adequate calibration, as
evidenced by the Hosmer-Lemeshow test (p = 0.374),
and moderate discriminatory power (AUC = 0.73; 95%
CI: 0.66-0.79; p < 0.001; Figure 2). At the optimal cut-

off point, sensitivity was 65% and specificity was 73%.
Considering the prevalence of carotid plaque observed
in the cohort (37%), the positive predictive value was
58.6% and the negative predictive value was 78.0%.

DISCUSSION
In this observational cross-sectional study, the FIB-
FAR hemodynamic-inflammatory phenotype was
independently associated with the presence of sub-
clinical carotid atherosclerosis in patients with cardio-
metabolic risk, even after adjusting for age and other
potential confounding factors. The magnitude of the
observed association (adjusted OR 8.60) suggests that
the integration of systemic inflammation and hemo-
dynamic abnormalities may reflect a biological profile
associated with a higher atherosclerotic burden. Giv-
en the cross-sectional design, these findings should be
interpreted exclusively as statistical associations and
do not allow causal or temporal relationships or pre-
dictive capacity to be established.

The multivariate model showed moderate discrim-

Table 3. Multivariate logistic regression model for predicting carotid plaque

Variable

FIBFAR
Age >65 years

OR 95% Cl p
8.6 4.39-17.70 <0.001
1.94 1.01-3.72 0.047

95% Cl: 95% confidence interval; OR: odds ratio. The model was adjusted for smoking status, sex, BMI, systolic blood pressure, HbA1c,
HDL cholesterol, and diuretic use; none of these covariates showed a significant independent association in the final model. The
model included nine variables and 90 events, corresponding to 10 events per variable.

Fig. 2. ROC curve of the multivariate model for predicting carotid plaque
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inatory power (AUC = 0.73) and adequate calibration,
supporting the internal consistency of the proposed
phenotype. Although no formal comparison was made
with traditional cardiovascular risk stratification
models, this performance is comparable to that re-
ported in studies integrating inflammatory biomark-
ers and arterial stiffness parameters. (28,29)

Our findings are consistent with the high preva-
lence of subclinical atherosclerosis described in pa-
tients with cardiometabolic risk in the PESA study,
(22) as well as with the prognostic value of carotid
plaque demonstrated in the ARIC and MESA cohorts.
(23,24) Unlike those studies, which evaluated inflam-
matory and hemodynamic components independently,
the present study proposes a pathophysiological con-
struct that integrates both domains into a single clini-
cal phenotype.

The cutoff points used to define FIBFAR were es-
tablished @ priori based on pathophysiological prin-
ciples and previously published clinical evidence,
rather than through statistical optimization within
the cohort. (12,13,18,25) Exploratory analysis showed
a higher prevalence of carotid plaque when elevated
systemic inflammation, low CI, and increased SVR co-
existed, compared with the isolated presence of each
of these components.

From a pathophysiological perspective, low-grade
chronic inflammation and physical inactivity have
been associated with endothelial dysfunction, reduced
nitric oxide bioavailability, and increased vasocon-
strictor tone—phenomena considered early events in
the atherogenic cascade. This process may contribute
to increased SVR, arterial stiffness, and, subsequently,
ventricular-arterial uncoupling and vascular remode-

Graphical abstract

ling. (6-9, 14-17) In this context, FIBFAR represents
a clinical manifestation of the coexistence of residual
inflammation and hemodynamic abnormalities po-
tentially mediated, at least in part, by endothelial
dysfunction. Although the present study design does
not allow us to demonstrate that these mechanisms
directly explain the presence of carotid plaque, the
observed results are consistent with the pathophysi-
ological model described in the literature.

It is relevant to note that dyslipidemia, despite its
high prevalence in the cohort (66%), was not signifi-
cantly associated with the presence of carotid plaque in
the univariate analysis (p = 0.90), whereas the FIBFAR
phenotype remained strongly and independently asso-
ciated with carotid plaque (OR = 8.60, p = 0.001). This
finding suggests that the integration of inflammatory
and hemodynamic parameters could provide comple-
mentary information to traditional lipid risk factors.

The weak positive correlation between SVR and
hs-CRP (p = 0.37; p <0.001) suggests that both com-
ponents represent partially independent pathophysi-
ological dimensions within the FIBFAR phenotype,
supporting their integration into a composite con-
struct.

From a clinical standpoint, the combination of im-
pedance cardiography and hs-CRP represents a com-
pletely noninvasive strategy that could potentially be
applied in the outpatient setting. If confirmed in pro-
spective studies, identification of the FIBFAR pheno-
type could help select patients with a higher subclini-
cal atherosclerotic burden who may be candidates for
more intensive evaluation or therapeutic strategies
targeting both residual inflammatory risk and hemo-
dynamic abnormalities. (30,31)

HEMODYNAMIC-INFLAMMATORY PHENOTYPE FIBFAR AND SUBCLINICAL
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Limitations

The main limitations stem from the cross-sectional
design, which does not allow causal relationships or
predictive capacity to be established. The cohort was
single-center and included exclusively patients with
hypertension and diabetes mellitus or prediabetes,
which may limit the generalizability of the findings.
The cutoff points used to define the FIBFAR pheno-
type were established according to pathophysiologi-
cal principles and previous clinical evidence; how-
ever, they require specific validation in independent
populations. Finally, intraobserver and interobserver
reproducibility of impedance cardiography was not
assessed in this cohort, although this technique has
been previously validated against reference methods.
(18,19)

CONCLUSIONS

In this cohort of patients with cardiometabolic risk,
the FIBFAR hemodynamic-inflammatory phenotype
was independently associated with the presence of
subclinical carotid atherosclerosis. These findings sug-
gest that the integration of inflammatory and hemo-
dynamic parameters could provide complementary in-
formation for characterizing vascular risk. However,
given the cross-sectional design, causal relationships
and predictive capacity cannot be established. Valida-
tion of the FIBFAR phenotype requires prospective,
multicenter studies evaluating its reproducibility, as-
sociation with cardiovascular events, and potential
clinical utility.
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