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Abstract: Aims: To investigate the association between circulating irisin levels, metabolic profiles, and clinical out-
comes in obesity-associated atherosclerosis. Methods: This retrospective study included 220 patients admitted to 
the Department of Cardiology between January 2022 and January 2025, stratified into four groups based on body 
mass index and atherosclerosis status. Fasting blood samples were analyzed for serum irisin, glucose, HbA1c, in-
sulin (HOMA-IR), and lipid profiles, including small dense LDL. Echocardiography was performed to assess cardiac 
structure and function, while carotid ultrasonography was used to quantify intima-media thickness and plaque bur-
den; severe atherosclerosis was defined as a plaque area > 30 mm2. Patients were prospectively followed up for ma-
jor adverse cardiovascular events (MACE), which were adjudicated by an independent blinded committee. Results: 
Serum irisin levels were highest in normal-weight controls and progressively decreased across the overweight and 
atherosclerotic groups (P < 0.05). Concomitantly, fasting glucose, HbA1c, and HOMA-IR increased in a stepwise 
manner, with the most significant derangements observed in overweight patients with atherosclerosis. Dyslipidemia 
was characterized by elevated total cholesterol, LDL-C, and triglycerides, along with reduced HDL-C, particularly in 
groups with vascular disease. Cardiac structural remodeling was evident, with progressive increases in left ven-
tricular (LV) mass and left atrial size, reductions in ejection fraction and global longitudinal strain, and worsening 
diastolic indices (all P < 0.001). The incidence of MACE increased from 3.6% in Group A to 45.5% in Group D (P < 
0.001). Cox regression analysis identified age, BMI, diabetes, and LDL-C as independent risk factors, whereas each 
1 ng/mL increase in irisin was associated with a 26% reduction in MACE risk. Logistic regression further revealed 
that low irisin was the strongest predictor of severe atherosclerosis (OR 0.128, 95% CI 0.058-0.283, P < 0.001). 
Conclusion: Low circulating irisin is an independent predictor of severe atherosclerosis and adverse cardiovascular 
outcome in patients with obesity-associated vascular disease.
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Introduction

Obesity has developed into a worldwide pan-
demic and a major precursor of cardiometabol-
ic disease [1, 2]. Atherosclerosis is among its 
numerous complications contributing to mor-
bidity and mortality, and serving as a key path-
way linking excess adiposity to cardiovascular-
related morbidity and mortality [3-5]. Patho- 
physiologically, obesity interacts with athero-
sclerosis through mechanisms including, but 
not limited to, chronic low-grade inflammation, 
endothelial dysfunction, and dysregulated 
energy homeostasis [6]. These complex pro-
cesses underscore the urgent need to develop 
novel biomarkers that not only elucidate dis-

ease biology but also provide prognostic infor-
mation with regard to clinical outcomes.

Since its discovery as a myokine derived from 
fibronectin type III domain-containing protein 5 
(FNDC5), irisin has garnered significant atten-
tion due to its proposed roles in energy expen-
diture, browning of white adipose tissue, and 
whole-body metabolism [7]. Circulating irisin 
levels have been reported to vary in association 
with obesity, diabetes, and cardiovascular dis-
orders [8-11], but the clinical implications of 
these variations remain controversial. While 
some studies indicate that irisin exerts vaso-
protective and anti-inflammatory effects [12, 
13], others have found contradictory associa-
tions between irisin and adverse metabolic con-
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ditions [14, 15]. This inconsistency in findings 
highlights a knowledge gap regarding the  
relevance of irisin, to obesity-related athero- 
sclerosis.

Given the dual burdens of obesity and athero-
sclerosis leading to cardiovascular disease, 
evaluating irisin as an extracellular bridging 
molecule represents a promising approach to 
understanding its contribution to disease pa- 
thogenesis and prognosis. The findings regard-
ing the association between serum irisin levels 
and specific clinical outcomes could enhance 
mechanistic insights and facilitate risk stratifi-
cation in this high-risk patient population. 
Based on this, the current study aimed to 
explore the impact of circulating irisin levels on 
clinical outcomes in patients with weight gain-
induced atherosclerosis, with the intent of 
advancing scientific knowledge and informing 
potential clinical practice.

Materials and methods

Case section

The present study involved a retrospective 
analysis of clinical records from patients admit-
ted to the Department of Cardiology between 
January 2022 and January 2025. A total of 224 
individuals were initially identified during the 
screening process. After applying predefined 
exclusion criteria, 4 patients were excluded - 
two due to incomplete clinical or imaging data, 
one due to rehospitalization for an acute condi-
tion during the screening period, and one due 
to pregnancy diagnosed at admission. Thus, 
220 eligible patients were included and strati-
fied into four groups based on body mass index 
(BMI) and atherosclerosis status: (1) normal-
weight subjects without atherosclerosis (Group 
A, n = 55); (2) overweight subjects without ath-
erosclerosis (Group B, n = 54); (3) normal-
weight subjects with atherosclerosis (Group C, 
n = 56); and (4) overweight patients with ath-
erosclerosis (Group D, n = 55).

Since these exclusions were based solely on 
objective eligibility criteria and implemented 
prior to group allocation, they were unlikely to 
introduce substantial selection bias. Normal 
weight and overweight were defined according 
to World Health Organization recommenda-
tions (BMI: 18.5-24.9 kg/m2 and 25.0-29.9  
kg/m2, respectively) [16]. Atherosclerosis was 

diagnosed using evidence from carotid ultra-
sound, coronary angiography, or computed 
tomography angiography, which demonstrated 
intimal thickening, plaque presence, or luminal 
stenosis [17]. All patients underwent at least 
one of these imaging modalities; 100% of par-
ticipants completed carotid ultrasound, while 
32% additionally underwent coronary CT angi-
ography and 18% underwent invasive coronary 
angiography. Imaging interpretations were in- 
dependently evaluated by two experienced 
radiologists/sonographers blinded to all clini- 
cal and biochemical data, with discrepancies 
resolved by consensus. Inter-observer agree-
ment for atherosclerosis diagnosis showed 
excellent consistency (Kappa = 0.87), confirm-
ing the reliability of imaging-based classifi- 
cation.

Inclusion criteria were as follows: adults aged 
18-75 years with complete clinical histories, 
laboratory data, and imaging findings sufficient 
for diagnosis. Exclusion criteria included: histo-
ry of malignant tumors; severe hepatic or renal 
dysfunction; acute or chronic infectious or 
inflammatory diseases; autoimmune disorders; 
uncontrolled endocrine disorders other than 
obesity (e.g., thyroid dysfunction, Cushing syn-
drome); and major cardiovascular events occur-
ring within the preceding 3 months (including 
acute myocardial infarction, ischemic stroke, or 
coronary/peripheral revascularization), these 
exclusions were implemented to minimize con-
founding influence by acute-phase metabolic 
alterations. In addition, patients taking medica-
tions known to significantly affect circulating 
irisin levels (e.g., glucocorticoids or thiazolidin-
ediones) were excluded. Individuals with incom-
plete clinical or imaging data, those rehospital-
ized during screening for conditions affecting 
study endpoints, and pregnant patients. Two 
investigators independently reviewed all eligi-
ble cases to ensure consistency in classifica-
tion; any unresolved discrepancies resulted in 
case exclusion.

This study was approved by the Ethics Com- 
mittee of Ningbo Zhenhai People’s Hospital, 
and all procedures were conducted in accor-
dance with the Declaration of Helsinki.

Data collection

Demographic and baseline clinical characteris-
tics were documented using standardized inter-
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views and medical record reviews, including 
age, sex, body mass index (BMI), smoking sta-
tus, hypertension, and diabetes mellitus. 
Venous blood samples were collected after an 
overnight fast to measure serum irisin, fasting 
glucose, glycated hemoglobin (HbA1c), and 
insulin levels. The homeostatic model assess-
ment of insulin resistance (HOMA-IR) was cal-
culated using the standard formula: fasting 
blood glucose (mmol/L) × fasting insulin (µU/
mL)/22.5. Insulin concentrations in this study 
were reported in µU/mL (equivalent to mU/L), 
consistent with commonly used clinical labora-
tory units. This unit definition is explicitly stated 
to ensure methodological clarity and reproduc-
ibility of results.

Serum irisin levels were quantified using a com-
mercially available enzyme-linked immunosor-
bent assay (ELISA) kit (Cloud-Clone Corp., 
Wuhan, China; Catalog No. SEC244Hu; Lot No. 
20240108). The assay had a limit of detection 
(LOD) of 0.12 ng/mL and a limit of quantifica-
tion (LOQ) of 0.45 ng/mL. Analytical perfor-
mance was verified prior to sample analysis: 
intra-assay coefficient of variation (CV) was < 
8%, and inter-assay CV was < 10%, consistent 
with the manufacturer’s specifications. Cali- 
bration curves were generated using recombi-
nant human irisin standards (0-40 ng/mL), and 
all samples were measured in duplicate; 
repeated testing was performed if duplicate 
measurements differed by > 10%.

Lipid profiles - including total cholesterol (TC), 
low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), tri-
glycerides (TG), and small dense LDL (sdLDL) 
were determined using enzymatic assays and 
nuclear magnetic resonance (NMR) spectros-
copy. Quantification of sdLDL was performed 
using an NMR-based lipoprotein particle analy-
sis platform (LipoScience/LabCorp, Vantera® 
NMR Analyzer, USA) with proprietary lipid sub-
class analysis reagents (LipoProfile® reagent 
set, Lot No. 20240118). In accordance with 
established NMR lipoprotein subclassification 
criteria, sdLDL was defined as LDL particles 
with a mean diameter < 25.5 nm, correspond-
ing to LDL subclasses 3-6 on the LipoProfile® 
spectrum. All assays were performed following 
the manufacturer’s operating procedures. 
Analytical performance was verified using inter-
nal quality-control materials with known parti-
cle-size distributions; intra-assay CV for sdLDL 

concentration was < 6%, and inter-assay CV 
was < 8%. Daily calibration was conducted 
using manufacturer-provided reference stan-
dards to ensure consistency and comparability 
across batches. These procedures ensured 
that sdLDL measurements were accurate, 
reproducible, and aligned with widely accepted 
clinical lipid subclassification standards.

Echocardiographic measurements were per-
formed in accordance with the recommenda-
tions of the American Society of Echocardio- 
graphy. Left ventricular (LV) mass was calculat-
ed using the Devereux-modified ASE formula 
and indexed to body surface area to derive the 
LV mass index. Left atrial diameter and left atri-
al volume index were measured using the 
biplane area - length method. LV ejection frac-
tion (LVEF) was assessed using biplane Sim- 
pson’s method. Global longitudinal strain (GLS) 
was quantified via 2-dimensional speckle-tra- 
cking echocardiography, based on apical 2-, 3-, 
and 4-chamber views, with automated tracking 
and manual adjustment as required; GLS val-
ues represented the average strain of 17 myo-
cardial segments. Diastolic function indices - 
including the E/A ratio, E/e’ ratio, and decelera-
tion time - were measured using pulsed-wave 
and tissue Doppler imaging. Right ventricular 
(RV) systolic pressure was estimated from tri-
cuspid regurgitation velocity using standard 
Doppler methods.

Carotid ultrasonography was used to evaluate 
intima-media thickness and plaque burden, 
with severe atherosclerosis defined as a plaque 
area > 30 mm2. Participants were prospectively 
followed for the occurrence of major adverse 
cardiovascular events (MACE), including cardio-
vascular mortality, non-fatal myocardial infarc-
tion, ischemic stroke, unplanned coronary 
revascularization, and hospitalization for heart 
failure. All endpoints were adjudicated by an 
independent committee blinded to clinical 
events. The median follow-up duration was 32 
months (interquartile range: 28-36 months), 
with a minimum follow-up of 24 months and a 
maximum of 38 months. Follow-up duration 
was well balanced across the four groups, with 
no significant differences (P = 0.41). A total of 6 
patients (2.7%) were lost to follow-up, and the 
loss-to-follow-up rate did not differ significantly 
between groups (P = 0.78). Baseline character-
istics - including age, BMI, atherosclerosis sta-
tus, glucose and lipid parameters, and serum 



Irisin and outcome in obesity-related atherosclerosis

732	 Am J Transl Res 2026;18(1):729-740

irisin levels - were comparable between 
patients who completed follow-up and those 
lost to follow-up (all P > 0.10). Thus, loss to fol-
low-up was minimal and unlikely to introduce 
significant attrition bias.

Outcome measure

The primary outcomes were biochemical and 
clinical end points, such as serum irisin level, 
glycometabolic outcomes [fasting glucose, gly-
cated hemoglobin (HbA1c), and HOMA-IR], lipid 
levels [by total cholesterol, LDL-C, HDL-C, tri-
glycerides, and small dense LDL], echocardio-
graphic ones [left ventricular mass index, left 
atria size, left ventricular ejection fraction, left 
ventricular global longitudinal strain]. The sec-
ondary outcome was severe atherosclerosis, 
defined by carotid plaque burden > 30 mm2 on 
imaging, which served as the endpoint for logis-
tic regression analyses.

Sample size calculation

The sample size for this study was determined 
a priori based on the expected difference in the 
primary clinical outcome - the cumulative inci-
dence of major adverse cardiovascular events 
(MACE) - between patients with lower versus 
higher circulating irisin levels. Based on previ-
ous data from similar high-risk cardiovascular 
cohorts, we assumed a 3-year MACE incidence 
of approximately 35% in the low-irisin group 
versus 15% in the high-irisin group. With a  
two-sided α of 0.05 and a β of 0.20 (80% statis-
tical power), a chi-square test for comparing 
two proportions indicated that a minimum of 
196 patients was required. To account for an 
anticipated loss to follow-up of up to 10%, we 
planned to enroll at least 220 patients, which is 
consistent with the final analyzed cohort (n = 
220). This overall sample size - with approxi-
mately 54-56 patients in each BMI/atheroscle-
rosis stratum - also provides adequate power 
(approximately 70-80%) to detect clinically 
meaningful effect sizes (e.g., hazard ratios of 
0.55-0.60 or odds ratios ≥ 2.0) in key prespeci-
fied subgroups, such as age < 60 years versus 
≥ 60 years and diabetic versus non-diabetic 
patients, for diagnostic and prognostic efficacy 
analyses. Subgroup differences of smaller 
magnitudes were interpreted as exploratory.

Statistical methods

Continuous variables were summarized as 
mean ± standard deviation (SD) or median 

(interquartile range, IQR), and comparisons 
across groups were performed using one-way 
analysis of variance (ANOVA) or Kruskal-Wallis 
tests with appropriate post hoc adjustments. 
Categorical variables were analyzed using the 
χ2 test or Fisher’s exact test, as appropriate. 
Independent predictors of MACE were identi-
fied using Cox proportional hazards regression, 
while predictors of severe atherosclerosis 
(plaque burden > 30 mm2) were determined 
using multivariable logistic regression. Results 
were expressed as hazard ratios (HRs) or odds 
ratios (ORs) with 95% confidence intervals (CIs). 
All statistical analyses were performed using 
SPSS and R software. A two-sided p-value < 
0.05 was considered significant. 

Results

Comparison of baseline characteristics 

Age differed significantly across groups, with 
overweight participants with atherosclerosis 
being the oldest (65.84 ± 11.29 years vs. 
51.11 ± 7.83 years in normal-weight partici-
pants without atherosclerosis; P < 0.001). The 
sex distribution was comparable between 
groups (P = 0.445). Both BMI and waist circum-
ference were substantially higher in overweight 
than in normal-weight individuals (BMI: 28.44 ± 
2.09 vs. 22.37 ± 1.55 kg/m2; waist circumfer-
ence: 95.31 ± 6.43 vs. 81.00 ± 5.59 cm; both 
P < 0.001). The prevalence of hypertension 
increased progressively from 20.0% in normal-
weight participants without atherosclerosis to 
61.8% in overweight participants with athero-
sclerosis (P < 0.001). Diabetes mellitus was 
more common among atherosclerosis partici-
pants, reaching 38.2% in overweight partici-
pants with atherosclerosis compared with 
12.7% in normal-weight participants without 
atherosclerosis (P = 0.007). In contrast, smok-
ing history and family history of cardiovascular 
disease did not differ significantly between 
groups (P = 0.300 and P = 0.491, respectively) 
(Table 1).

Comparison of glycometabolic parameters

Serum irisin levels (Figure 1A) were highest in 
Group A and progressively decreased in Groups 
B, C, and D, with significant differences detect-
ed (P < 0.05). Fasting glucose concentrations 
(Figure 1B) were markedly elevated in Groups 
B-D relative to Group A (P < 0.05), with Group D 
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exhibiting the greatest increase (P < 0.05). 
Similarly, HbA1c levels (Figure 1C) were signifi-
cantly higher in Groups B, C, and D compared 
to Group A (P < 0.001), with the most pro-
nounced elevation in Group D (P < 0.05). 
Moreover, HOMA-IR (Figure 1D), an indicator of 
insulin resistance, was significantly increased 
in Groups B-D compared to Group A (P < 0.05), 

with Group D again showing the highest values 
(P < 0.05).

Comparison of blood lipid 

Total cholesterol (TC) levels (Figure 1E) were 
significantly higher in Groups B, C, and D com-
pared to Group A (P < 0.05), with Group D show-

Table 1. Comparison of baseline characteristics 
Variable Group A (n = 55) Group B (n = 54) Group C (n = 56) Group D (n = 55) F/χ2 p-value
Age (years) 50.25 ± 13.76 51.11 ± 7.83 59.91 ± 11.55 65.84 ± 11.29 23.756 < 0.001
Male sex, n (%) 27 (49.1) 29 (53.7) 33 (58.9) 35 (63.6) 2.671 0.445
BMI (kg/m2) 22.37 ± 1.55 26.92 ± 1.53 23.19 ± 1.12 28.44 ± 2.09 137.437 < 0.001
Waist circumference (cm) 81.00 ± 5.59 92.27 ± 8.33 82.77 ± 6.82 95.31 ± 6.43 57.718 < 0.001
Systolic BP (mmHg) 122.82 ± 10.59 129.30 ± 12.35 135.34 ± 13.82 138.76 ± 14.72 16.115 < 0.001
Diastolic BP (mmHg) 75.65 ± 8.39 80.35 ± 8.03 82.61 ± 8.46 87.47 ± 10.03 17.275 < 0.001
Hypertension, n (%) 11 (20.0) 16 (29.6) 28 (50.0) 34 (61.8) 24.718 < 0.001
Diabetes mellitus, n (%) 7 (12.7) 10 (18.5) 18 (32.1) 21 (38.2) 12.080 0.007
Smoking history, n (%) 12 (21.8) 14 (25.9) 19 (33.9) 20 (36.4) 3.663 0.300
Family history of CVD, n (%) 8 (14.5) 10 (18.5) 13 (23.2) 14 (25.5) 2.412 0.491
Note: BMI: Body mass index; BP: Blood Pressure; CVD: Cardiovascular Disease.

Figure 1. Comparison of glycometabolic and blood lipid parameters between four groups. (A) Serum irisin levels, (B) 
fasting glucose, (C) HbA1c, (D) HOMA-IR, (E) Total cholesterol, (F) LDL-C, (G) HDL-C, and (H) Triglycerides. Compare 
with group A or group B or group C, **P < 0.01, ***P < 0.001. Note: HbA1c: Hemoglobin A1c; HOMA-IR: Homeo-
stasis Model Assessment of Insulin Resistance; LDL-C: Low-Density Lipoprotein Cholesterol; HDL-C: High-Density 
Lipoprotein Cholesterol.
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ing the highest values (P < 0.001). Similarly, 
LDL-C concentrations (Figure 1F) were mark-
edly elevated in Groups B, C, and D compared 
to Group A (P < 0.05), with Group D again reach-
ing the highest level (P < 0.05). In contrast, 
HDL-C (Figure 1G) was significantly reduced in 
Groups B, C, and D compared to Group A (P < 
0.05), with the lowest concentration observed 
in Group C (P < 0.05). For triglycerides (TG) 
(Figure 1H), Groups B, C, and D exhibited sig-
nificantly higher levels compared to Group A (P 
< 0.05), with Group C showing the greatest ele-
vation (P < 0.05). 

Comparison of cardiac structure and function 

LV mass index increased stepwise from Group 
A (98.18 ± 13.25 g/m2) to Group D (125.57 ± 
16.86 g/m2; P < 0.001). Similarly, left atrial 
diameter and left atrial volume index showed 
significant enlargement with advancing group 
status (all P < 0.001), rising from 34.34 ± 4.24 
mm and 26.50 ± 6.11 mL/m2 in Group A to 
38.83 ± 5.80 mm and 37.24 ± 7.82 mL/m2 in 
Group D, respectively. Regarding systolic func-
tion, LVEF declined progressively from 63.93 ± 
3.41% in Group A to 58.65 ± 6.33% in Group D 

(P < 0.001), accompanied by a parallel reduc-
tion in global longitudinal strain (GLS) from 
-18.96 ± 2.36% to -16.73 ± 2.29% (P < 0.001).
Marked impairments in diastolic function were 
also evident, as reflected by a decreasing E/A 
ratio (1.28 ± 0.06 to 0.96 ± 0.07), an increas-
ing E/e’ ratio (9.13 ± 2.50 to 13.74 ± 4.13), and 
prolonged deceleration time (189.07 ± 22.25 
ms to 224.70 ± 31.11 ms) across the groups 
(all P < 0.001). Furthermore, right ventricular 
(RV) systolic pressure increased significantly 
from 27.63 ± 5.04 mmHg in Group A to 34.43 ± 
6.08 mmHg in Group D (P < 0.001) (Table 2).

Incidence of MACE

As shown in Table 3, the composite MACE rate 
was lowest in Group A (3.6%) and increased 
progressively through Group B (9.3%) and 
Group C (30.4%), reaching the highest inci-
dence in Group D (72.7%; P < 0.001). Among 
individual endpoints, cardiovascular death 
occurred most frequently in Group D (18.2%), 
compared with 1.8%, 3.7%, and 8.9% in Groups 
A, B, and C, respectively. Similarly, non-fatal 
myocardial infarction showed a stepwise 
increase from 1.8% in Group A to 14.5% in 

Table 2. Comparison of cardiac structure and function 
Parameter Group A (n = 55) Group B (n = 54) Group C (n = 56) Group D (n = 55) F/χ2 p-value
LV mass index (g/m2) 98.18 ± 13.25 97.78 ± 16.28 113.57 ± 23.34 125.57 ± 16.86 30.839 < 0.001
Left atrial diameter (mm) 34.34 ± 4.24 36.13 ± 3.93 38.51 ± 3.80 38.83 ± 5.80 12.106 < 0.001
Left atrial volume index (mL/m2) 26.50 ± 6.11 32.81 ± 6.95 37.60 ± 6.46 37.24 ± 7.82 31.326 < 0.001
LVEF (%) 63.93 ± 3.41 61.95 ± 4.49 60.86 ± 4.95 58.65 ± 6.33 11.045 < 0.001
GLS (%) -18.96 ± 2.36 -17.76 ± 2.26 -17.55 ± 2.20 -16.73 ± 2.29 9.012 < 0.001
E/A ratio 1.28 ± 0.06 1.14 ± 0.07 1.01 ± 0.08 0.96 ± 0.07 231.701 < 0.001
E/e’ ratio 9.13 ± 2.50 10.38 ± 2.54 12.70 ± 2.49 13.74 ± 4.13 27.137 < 0.001
Deceleration time (ms) 189.07 ± 22.25 200.55 ± 26.48 217.26 ± 33.25 224.70 ± 31.11 17.433 < 0.001
RV systolic pressure (mmHg) 27.63 ± 5.04 29.18 ± 5.05 31.36 ± 5.78 34.43 ± 6.08 15.728 < 0.001
Note: LV: Left Ventricular; LVEF: Left Ventricular Ejection Fraction; GLS: Global Longitudinal Strain; E/A: Early (E) to Atrial (A) Filling Velocity; RV: 
Right Ventricle.

Table 3. Incidence of MACE

Outcome (n, %) Group A  
(n = 55)

Group B  
(n = 54)

Group C  
(n = 56)

Group D  
(n = 55) χ2 p-value

Cardiovascular death 1 (1.8) 2 (3.7) 5 (8.9) 10 (18.2) 11.769 0.008
Non-fatal myocardial infarction 1 (1.8) 2 (3.7) 6 (10.7) 8 (14.5) 8.206 0.042
Non-fatal stroke 0 (0.0) 1 (1.9) 4 (7.1) 6 (10.9) 8.606 0.035
Heart failure hospitalization 0 (0.0) 1 (1.9) 4 (7.1) 6 (10.9) 8.606 0.035
Unplanned coronary revascularization 0 (0.0) 2 (3.7) 7 (12.5) 10 (18.2) 14.275 0.003
Composite MACE (any event above) 2 (3.6) 5 (9.3) 17 (30.4) 40 (72.7) 78.384 < 0.001
Note: MACE: Major Adverse Cardiovascular Events.
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Group D. Unplanned coronary revascularization 
also increased markedly, from 0% in Group A to 
18.2% in Group D. Notably, Group D had the 
highest rates of non-fatal stroke (10.9%) and 
heart failure hospitalization (10.9%), whereas 
these events were rare or absent in Groups A 
and B. These findings underscore the synergis-
tic effect of obesity and atherosclerosis on 
adverse cardiovascular outcome and highlight 
the markedly elevated risks of overweight 
patients with established atherosclerotic 
disease.

Cox regression for predictors of MACE

In the multivariable Cox proportional hazards 
model, we adjusted for a comprehensive set of 
traditional cardiovascular risk factors, including 
age, sex, BMI, smoking status, hypertension, 
diabetes mellitus, and LDL-C levels. All vari-
ables were included using a full-variable inclu-
sion approach rather than stepwise or automat-
ed selection, in accordance with the prespeci-
fied analysis plan. Assessment of multicol-
linearity showed that all covariates had 
Variance Inflation Factor (VIF) values < 2.1, 

26% reduction in MACE risk (HR 0.74, 95% CI 
0.63-0.88; P = 0.0001) (Figure 2). These find-
ings confirm the prognostic value of circulating 
irisin beyond established cardiovascular risk 
factors.

Logistic regression: predictors of severe ath-
erosclerosis (plaque burden > 30 mm2)

Low circulating irisin levels (< 6 ng/mL) showed 
a strong inverse association with severe ath-
erosclerosis, with a markedly reduced odds 
ratio (OR 0.128, 95% CI 0.058-0.283; P < 
0.001). The percentage of small dense LDL was 
also significantly associated with plaque bur-
den (OR 0.854, 95% CI 0.810-0.901; P < 
0.001), highlighting the contribution of lipopro-
tein subfraction patterns. Traditional risk fac-
tors further contributed to atherosclerotic 
severity, with smoking showing a significant 
association (OR 1.942, 95% CI 1.007-3.746; P 
= 0.048). Among metabolic parameters, low 
adiponectin levels exhibited the strongest posi-
tive association with severe atherosclerosis 
(OR 9.901, 95% CI 4.209-23.289; P < 0.001) 
(Table 4). Collectively, these findings indicate 

Figure 2. Cox regression for predictors of major adverse cardiovascular events 
(MACE). Note: MACE: Major Adverse Cardiovascular Events.

Table 4. Logistic regression: predictors of severe atherosclerosis 
(Plaque Burden > 30 mm2)
Variable OR (95% CI) p Value
Low Irisin (< 6 ng/mL) 0.128 (0.058-0.283) < 0.001
Small dense LDL (%) 0.854 (0.810-0.901) < 0.001
Smoking 1.942 (1.007-3.746) 0.048
Low Adiponectin 9.901 (4.209-23.289) < 0.001
Note: LDL: Low-Density Lipoprotein Cholesterol.

indicating no significant 
multicollinearity. After full 
adjustment, advancing age 
remained significantly asso- 
ciated with increased MACE 
risk (HR 1.04 per year, 95% 
CI 1.01-1.07; P = 0.012). 
Higher BMI was similarly 
associated with elevated 
risk (HR 1.08 per kg/m2, 
95% CI 1.02-1.14; P = 
0.009), and diabetes melli-
tus also independently pre-
dicted adverse outcome 
(HR 1.61, 95% CI 1.03-
2.51; P = 0.037). LDL-C lev-
els were a significant pre-
dictor of MACE (HR 1.29 
per mmol/L, 95% CI 1.07-
1.56; P = 0.008), whereas 
male sex, smoking, and 
hypertension were not inde-
pendently associated with 
risk after mutual adjust-
ment. Importantly, serum 
irisin remained a strong 
and independent protective 
factor, with each 1 ng/mL 
increase associated with a 
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that both metabolic dysregulation (low irisin, 
low adiponectin, and small dense LDL) and life-
style factors (smoking) synergistically predict 
the presence of advanced atherosclerotic 
lesions, suggesting a pivotal role of irisin defi-
ciency in the pathophysiology of obesity-associ-
ated vascular disease.

Representative echocardiographic images 

Figure 3 presents representative echocardio-
graphic images from each study group. Panel 
(A) shows an echocardiogram of normal-weight 
subjects without atherosclerosis, demonstrat-
ing a normal LV structure. Panel (B) depicts 
overweight subjects without atherosclerosis, 
where mild structural changes are observed. 
Panel (C) illustrates an echocardiogram of  
normal-weight subjects with atherosclerosis, 
showing increased LV mass and chamber 
enlargement typical of early atherosclerotic 
changes. Lastly, Panel (D) presents overweight 
patients with atherosclerosis, displaying the 
most pronounced LV structural remodeling, 
accompanied by significant chamber enlarge-
ment and reduced systolic function. These 
images highlight the progressive nature of car-
diac structural changes across the groups, with 
the most severe alterations observed in those 

carotid intima-media thickness. Notably, logis-
tic regression analysis identified low irisin con-
centration as the strongest independent pre-
dictor of severe carotid plaque burden, while 
Cox regression confirmed that irisin serves as a 
protective factor against MACE even after 
adjusting for traditional risk factors. These 
results build on previous observations by inte-
grating metabolic, vascular, and clinical out-
come data, supporting the notion that irisin is 
more than just a metabolic regulator - it repre-
sents a possible intrinsic biomarker and  
therapeutic target in obesity-related athero- 
sclerosis.

Our findings demonstrate a strong correlation 
between irisin levels and glycometabolic health. 
Serum irisin concentrations showed a gradual 
decline from normal-weight, non-atherosclerot-
ic individuals without vascular disease to over-
weight patients with pre-existing vascular dis-
ease, which was accompanied by progressive 
elevations in fasting glucose, HbA1c, and 
HOMA-IR levels. These results are consistent 
with previous studies showing that irisin 
enhances glucose uptake and insulin sensitivi-
ty via activation of AMP-activated protein 
kinase (AMPK) and induction of GLUT4 translo-
cation to the skeletal muscle membrane [18-

Figure 3. Representative echocardiographic images of study groups. (A) Nor-
mal-weight subjects without atherosclerosis; (B) Overweight subjects without 
atherosclerosis; (C) Normal-weight subjects with atherosclerosis; and (D) over-
weight patients with atherosclerosis.

with both obesity and 
atherosclerosis.

Discussion

In this prospective obser- 
vational study of patients 
stratified by body weight 
and the presence of athe- 
rosclerosis, we provided 
strong evidence that circu-
lating irisin levels were 
closely correlated with gly-
cometabolic dysregulation, 
unfavorable lipid profiles, 
cardiac structural and func-
tional remodeling, and the 
development of atheroscle-
rotic burden. In particular, 
low irisin levels were con-
sistently associated with 
elevated fasting glucose, 
insulin resistance, dyslipid-
emia, impaired endothelial 
function, and increased 
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20]. Reduced irisin levels in patients with type 
2 diabetes have also been reported to correlate 
with increased insulin resistance and poor gly-
cemic control [21]. The progressive decrease in 
irisin across our study groups suggests that 
obesity combined with atherosclerosis may 
suppress this myokine, possibly due to chronic 
low-grade inflammation, mitochondrial dys-
function, and impaired endocrine function of 
skeletal muscle. These observations indicate 
that irisin deficiency acts as a mechanistic link 
between metabolic imbalance and vascular 
injury, and that maintenance of muscle-derived 
endocrine homeostasis may play a protective 
role in the prevention of cardiometabolic 
diseases.

Beyond glucose metabolism, our study con-
firms a robust association between irisin and 
lipid regulation. Decreased serum irisin con-
centrations were associated with higher levels 
of total cholesterol, LDL-C, and triglycerides, as 
well as reduced HDL-C levels in patients. 
Although previous experimental studies have 
demonstrated that irisin modulates lipid metab-
olism - for instance, by promoting cholesterol 
efflux via upregulation of ABCA1/ABCG1 ex- 
pression and regulating lipolysis through the 
p38 MAPK and ERK signaling pathways - our 
study did not directly assess these molecular 
mechanisms [22]. Therefore, these pathways 
are discussed here as biologically plausible 
explanations supported by prior basic research, 
rather than as causal evidence derived from 
our cohort. Our results reflect observational 
associations, and any mechanistic interpreta-
tions should be regarded as hypothesis-gener-
ating rather than confirmatory. Lower circulat-
ing irisin levels have also been linked to a high-
er prevalence of dyslipidemia in both diabetic 
and obese patients [23]. Notably, our logistic 
regression analysis identified small dense LDL 
as an independent predictor of plaque burden 
severity, ranking second only to irisin deficien-
cy. Small dense LDL particles are more athero-
genic because they have a greater propensity 
to penetrate arterial walls, are more suscepti-
ble to oxidation, and possess a longer plasma 
half-life. The strong correlation between low iri-
sin levels and elevated small dense LDL levels 
suggests that irisin may be involved in lipopro-
tein remodeling, and that irisin deficiency may 
create a permissive environment for the forma-
tion of atherogenic lipoprotein particles.

Our study also identified a second key finding: 
reduced irisin levels were consistently associ-
ated with unfavorable cardiac and vascular 
structural and functional remodeling. Patients 
with low irisin exhibited increased left ventricu-
lar mass index and left atrial size, reduced ejec-
tion fraction and global longitudinal strain, and 
impaired diastolic parameters - accompanied 
by clear evidence of endothelial dysfunction, 
including lower flow-mediated dilation and high-
er endothelin-1 concentrations. These clinical 
observations are supported by preclinical stud-
ies showing that exogenous irisin enhances 
endothelial function via activation of endotheli-
al nitric oxide synthase (eNOS) and reduction of 
oxidative stress [24], and that irisin attenuates 
cardiac hypertrophy and fibrosis through modu-
lation of the MAPK or TGF-β1/Smad pathways 
[25]. Collectively, mechanistic evidence and our 
clinical data converge to indicate that irisin defi-
ciency may drive maladaptive cardiac and vas-
cular remodeling, ultimately contributing to 
poorer cardiovascular outcomes.

Our logistic regression analysis provided novel 
evidence that low irisin is the strongest inde-
pendent predictor of severe atherosclerosis - 
surpassing conventional risk factors such as 
smoking and low adiponectin levels. This find-
ing aligns with recent studies linking reduced 
irisin levels to coronary artery calcification and 
carotid plaque vulnerability [26-29]. Irisin may 
inhibit plaque formation and progression 
through multiple mechanisms: it suppresses 
vascular smooth muscle cell proliferation, pre-
vents macrophage foam cell formation, inhibits 
inflammatory cytokine production, and enhanc-
es autophagic clearance of cholesterol-rich 
lipid debris. Notably, its integrative role - where-
by irisin deficiency interacts with environmental 
risk factors (smoking and dyslipidemia) to pre-
dict severe plaque Burden - holds clinical rele-
vance. These results suggest that measuring 
circulating irisin may offer incremental predic-
tive value for identifying patients at the highest 
risk of developing advanced atherosclerotic 
disease.

Several limitations of the study should be 
acknowledged. First, the study was conducted 
at a single center in Ningbo. Although the 
cohort was well-characterized, it may not fully 
represent patient populations from other 
regions. Baseline characteristics - such as obe-
sity prevalence, dietary patterns, socioeconom-
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ic status, and atherosclerosis severity - may 
vary across hospitals and geographic areas, 
particularly between coastal and inland regions 
or urban and rural populations in China. 
Second, the study population consisted exclu-
sively of East Asian (Chinese) patients, limiting 
the generalizability of our findings to other eth-
nic groups. Prior evidence indicates that circu-
lating irisin levels, body fat distribution, lipid 
metabolism, and susceptibility to cardiometa-
bolic disease may differ across ethnicities; 
therefore, caution is warranted when extrapo-
lating our results to non-Asian populations. 
Third, the retrospective, observational nature 
of the study precludes causal inference, and 
residual confounding cannot be entirely exclud-
ed despite multivariable adjustment. Fourth, 
although ELISA remains the most widely used 
method for irisin quantification, variations 
between assay platforms may affect absolute 
measurement values. Fifth, although the fol-
low-up duration was adequate to capture medi-
um-term cardiovascular outcomes, longer fol-
low-up is needed to evaluate the long-term 
prognostic significance of irisin. Lastly, unmea-
sured factors - including physical activity levels, 
dietary intake, socioeconomic influences, and 
genetic polymorphisms - may have affected 
both circulating irisin concentrations and car-
diovascular risk, and could not be fully account-
ed for in this analysis.

In conclusion, low circulating irisin levels are a 
robust predictor of adverse metabolic out-
comes, vascular remodeling, severe athero-
sclerosis, and increased incidence of major 
adverse cardiovascular events in patients  
with obesity-associated atherosclerosis. These 
results establish irisin deficiency as a conver-
gent mechanism linking metabolic impairment 
and vascular disease, thereby advancing our 
understanding of the pathophysiology of car-
diometabolic risk. Strategies to measure irisin 
may enhance the specificity of patient stratifi-
cation, facilitating the development of tailored 
therapeutic approaches aimed at augmenting 
irisin signaling and reducing the burden of car-
diovascular disease in obese patients. Future 
research should validate these findings through 
interventional trials to determine whether tar-
geting irisin pathways can indeed improve 
outcome. 
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