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Purpose: Acute coronary syndrome (ACS), a critical condition with high morbidity and mortality, lacks reliable non-invasive 
biomarkers for timely diagnosis. Traditional biomarkers like troponins lack sensitivity in unstable angina, and troponin levels often 
remain within the normal range in the early phase of myocardial infarction. Long non-coding RNAs (lncRNAs), implicated in vascular 
inflammation and atherosclerosis, may serve as novel biomarkers. This study evaluated four lncRNAs (NORAD, MIR181A1HG, 
HEAT4, MERRICAL) for ACS diagnosis and their correlation with inflammatory cytokines [Interleukin (IL)-1β, IL-6, Tumor 
Necrosis Factor-alpha (TNF-α)].
Patients and Methods: A total of 156 ACS patients and 100 non-coronary artery disease (CAD) chest pain patients were enrolled 
from April 2021 to April 2023, with an independent validation cohort (36 ACS and 24 non-CAD) recruited from May to August 2023. 
Serum levels of lncRNAs were measured via quantitative polymerase chain reaction (qPCR; normalized to GAPDH), and inflamma
tory cytokines via Enzyme-Linked Immunosorbent Assay (ELISA). Multivariable logistic regression, receiver operating characteristic 
(ROC) analysis, and Spearman correlation were used to assess diagnostic performance and associations.
Results: NORAD (P<0.0001) and MIR181A1HG (P=0.0279) were significantly upregulated in ACS patients, whereas HEAT4 and 
MERRICAL did not differ significantly. Multivariate regression identified NORAD as an independent predictor of ACS [adjusted odds 
ratio (OR)=2.567, 95% confidence interval (CI) 1.724–3.823, P<0.001]. ROC analysis showed NORAD alone achieved an Area Under 
the Curve (AUC) of 0.726 (95% CI 0.661–0.790), with sensitivity 81.1% and specificity 56.0% at the optimal cutoff. Incorporating 
NORAD into a model with traditional risk factors improved diagnostic accuracy (AUC: 0.700 vs 0.763, P=0.024), validated in the 
independent cohort (AUC: 0.823 vs 0.690, P=0.015). NORAD levels correlated positively with IL-1β (R=0.40, P<0.001) and IL-6 
(R=0.34, P<0.001), but not TNF-α.
Conclusion: NORAD is a promising diagnostic biomarker for ACS. Its correlation with inflammatory cytokines underlying its 
involvement in ACS pathogenesis.
Keywords: acute coronary syndrome, vascular inflammation, lncRNA, NORAD, inflammatory cytokine

Introduction
Acute coronary syndrome (ACS) represents a spectrum of life-threatening conditions caused by the rupture or erosion of 
atherosclerotic plaques in the coronary arteries.1,2 Given the high morbidity and mortality associated with ACS, accurate 
diagnosis is crucial for improving patient outcomes.1–5 Coronary angiography (CAG), although considered the gold 
standard for diagnosing coronary artery disease (CAD), has significant limitations.6–10 As an invasive procedure, it 
carries inherent risks, including potential contrast-related allergies, coronary artery perforation, dissection, and complica
tions in patients with severe heart failure, arrhythmias, or impaired liver and kidney function. Moreover, traditional 
biomarkers like cardiac troponins,11–14 which are widely used for diagnosing myocardial infarction, only begin to elevate 
several hours after the onset of injury, typically three or more hours post-infarction. Furthermore, troponins are not 
elevated in cases of unstable angina,15 a common form of ACS where ischemia does not lead to myocardial necrosis. 
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These limitations highlight the urgent need for novel and reliable biomarkers that can provide accurate diagnostic 
information for detecting ACS in patients with chest pain.

Long non-coding RNAs (lncRNAs) are a class of RNA molecules that do not encode proteins and are involved in various 
crucial biological processes.16–18 These molecules can be released into the blood by different cell types, and some studies have 
indicated that serum lncRNAs might serve as potential biomarkers for predicting diseases.19,20 Recently, several lncRNAs 
related to vascular inflammation and atherosclerosis have been identified. For example, NORAD has been shown to promote 
pyroptosis in THP-1-derived macrophages and worsen atherosclerosis,21 while MIR181A1HG can activate the NLRP3 
inflammasome in vascular endothelial cells.22 HEAT4 enhances an anti-inflammatory phenotype in CD16+ monocytic cells 
and exacerbates injury-induced vascular healing.23 Macrophages lacking MERRICAL exhibit reduced expression of Ccl3 and 
Ccl4, as well as diminished chemotaxis and inflammatory responses.24 Most current studies on lncRNAs have focused 
primarily on basic experimental research. However, clinical investigations exploring whether lncRNAs can serve as diagnostic 
or prognostic biomarkers remain limited, and their translational potential as clinical biomarkers has not been fully explored. 
Therefore, given the harmful impact of vascular inflammation on the progression of atherosclerosis, we propose that these four 
lncRNAs could serve as valuable diagnostic biomarkers for ACS.

This study aims to assess the diagnostic value of these recently identified lncRNAs associated with vascular 
inflammation in predicting ACS in patients presenting with chest pain. Additionally, we aim to explore the correlation 
between these lncRNAs and the levels of inflammatory cytokines (IL-1β, IL-6, and TNF-α) in peripheral blood serum.

Materials and Methods
Human Subjects and Sample Collection
In this research, we employed a total sampling approach, and a total of 156 patients diagnosed with ACS were enrolled 
between April 2021 and April 2023 at the cardiology department of Nanyang Central Hospital. Participants were selected 
based on the following inclusion criteria: they were diagnosed with ACS for the first time and confirmed through CAG. 
The exclusion criteria were as follows: (1) individuals with severe hepatic or renal dysfunction, (2) those suffering from 
advanced heart failure, (3) patients with uncontrolled, severe arrhythmias, (4) those diagnosed with cancer, and (5) 
individuals with significant infections. Additionally, we included 100 patients who presented with chest pain between 
April 2021 and April 2023, but were ultimately ruled out for CAD via CAG or coronary computed tomography 
angiography (CTA).

To confirm the predictive value of these lncRNAs for ACS, a prospective validation group was formed, consisting of 
36 ACS patients from the same hospital and 24 chest pain patients who were excluded from CAD diagnoses based on 
CAG or coronary CTA results From May 2023 to August 2023. This validation cohort was completely temporally 
distinct from the primary cohort.

Serum samples were collected from all participants during their hospitalization or outpatient visits. The study protocol 
was reviewed and approved by the ethics committee of Nanyang Central Hospital, and all procedures were carried out in 
full compliance with the most recent version of the Declaration of Helsinki. Prior to participation, written informed 
consent was obtained from all patients.

RNA Isolation and Quantitative PCR
For the analysis of lncRNA expression (NORAD, MIR181A1HG, HEAT4, and MERRICAL), real-time PCR was 
performed. Total RNA was extracted from each sample using the Trizol® reagent (Invitrogen, Carlsbad, CA) according 
to the manufacturer’s protocol. RNA quality and concentration were assessed by measuring absorbance at 260 nm and 
280 nm with a Nanodrop ND-3000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA). 300 ng of RNA from 
each sample was reverse-transcribed into cDNA using a cDNA synthesis kit (Thermo Fisher Scientific, Waltham, MA), 
following the provided guidelines. The resulting cDNA was then subjected to real-time qPCR using the Taqman Gene 
Expression Assay kit (Invitrogen, Carlsbad, CA) on a StepOnePlus qPCR system (Invitrogen, Carlsbad, CA) as per the 
manufacturer’s instructions.
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For normalization, the expression of the lncRNAs was compared to GAPDH levels. The relative expression of each 
lncRNA was calculated using the ΔCt method, where ΔCt is defined as the difference between the Ct values of the 
lncRNA and GAPDH (ΔCt = Ct[lncRNA] - Ct[GAPDH]). The relative expression level was then calculated using the 
formula 2(-ΔCt). The lncRNA expression in ACS patients was normalized to the average expression levels in the non- 
CAD group, yielding a fold change representing ACS vs non-CAD expression levels.
Sequences of primers for this assay:

NORAD
Forward: GGAAGAGGGAGAAGAGGA
Reverse: CACAATGAACACAGGCAC
MIR181A1HG
Forward: CTCAACCTTCCAGGCTCAAG
Reverse: CTATTGTTGGGCCTCCATGT
HEAT4
Forward: CCTGGCTCACATTCCGATTG
Reverse: TCGTCTTCTCTGCACTCCAA
MERRICAL
Forward: TGAAAAAGGAAATGAGGAGAAAAG
Reverse: CTTCACAAAACCTCCCTTTACAAT
GAPDH
Forward: GGAGCGAGATCCCTCCAAAAT
Reverse: GGCTGTTGTCATACTTCTCATGG
To evaluate the reproducibility of qPCR assays, quality control (QC) samples were prepared by pooling serum from 

20 randomly selected participants among the 256 individuals. The pooled QC sample was included on each qPCR plate 
in eight replicate wells. Intra-assay variability was calculated based on the ΔCt values of these eight replicates within the 
same plate. For inter-assay variability of each lncRNA, the mean ΔCt value of the eight QC replicates was calculated for 
each plate, and the coefficient of variation (CV) was then determined across the mean ΔCt values obtained from different 
plates. The intra-assay CVs for all qPCR assays were ≤5%, and the inter-assay CVs for all targets were ≤10%.

Measurement of Inflammatory Cytokines Using ELISA
To quantify the concentrations of inflammatory cytokines (IL-1β, IL-6, and TNF-α) in peripheral serum, we followed the 
manufacturer’s instructions (ELISA array kit, Boster, Wuhan, China) in a cohort of 156 ACS patients.

To evaluate the reproducibility of ELISA assays, the pooled QC sample was also used as the standard control. Intra- 
assay variability was determined by measuring the QC sample in eight replicate wells within the same plate, and inter- 
assay variability was assessed by calculating the CV across the mean concentrations of the QC sample measured on 
different plates. The intra-assay CVs for all ELISA measurements were ≤10%, and the inter-assay CVs were ≤15%.

We confirm that all laboratory analyses were performed under blinded conditions. Samples were relabeled with 
anonymized study IDs by a coordinator who was not involved in qPCR/ELISA, and the operators were blinded to clinical 
grouping and outcomes until all primary analyses were finalized.

Statistical Analysis
Continuous variables were presented as either the mean ± standard deviation (for normally distributed data) or median 
(25th–75th percentiles) for non-normally distributed data. Comparisons between groups were performed using the 
independent sample t-test or Mann–Whitney U-test as appropriate. Categorical variables were reported as counts 
(proportions) and analyzed using the chi-squared test or Fisher’s exact test when applicable.

Multivariable logistic regression was employed to explore the associations between lncRNAs and ACS, adjusting for 
common cardiovascular risk factors, such as age, sex, hypertension, smoking, diabetes, and dyslipidemia. The results 
were expressed as odds ratios (ORs) with 95% confidence intervals (CIs).
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Spearman correlation was used to assess the relationships between variables. To evaluate the diagnostic potential of 
these lncRNAs for predicting ACS, receiver operating characteristic (ROC) curves were generated to determine 
sensitivity, specificity, and the area under the curve (AUC). The optimal cut-off values were established using the 
Youden index, and AUC comparisons for these lncRNAs were performed using DeLong test in R (version 4.2.0) with the 
pROC package.

A p-value of less than 0.05 was considered statistically significant, and all statistical tests were two-sided. Statistical 
analyses were performed using SPSS (version 22.0) and R (version 4.2.0).

Results
Baseline Characteristics of Non-CAD Patients and ACS Patients
Table 1 outlines the baseline characteristics of the 100 non-CAD patients and 156 ACS patients included in the study. As 
indicated, ACS patients were generally older and had a higher proportion of current smokers. In addition, these patients 
had elevated white blood cell counts, neutrophil percentages, as well as increased levels of total cholesterol (TC), low- 
density lipoprotein cholesterol (LDL-C), triglycerides (TG), HbA1c, and hs-CRP when compared to non-CAD patients. 
However, the incidence of other cardiovascular risk factors, such as diabetes and hyperlipidemia, did not show significant 
differences between the two groups.

Differential Expression of LncRNAs in ACS Patients
Figure 1A and B demonstrates that the relative expression levels of NORAD and MIR181A1HG were significantly 
higher in ACS patients (n=156) compared to non-CAD patients (n=100) [Mann–Whitney U-test, 1.29 (0.99–1.74) vs 0.86 
(0.66–1.23), P<0.0001; 1.03 (0.89–1.20) vs 0.96 (0.82–1.13), P=0.0279]. No significant differences were observed in the 
relative expression levels of HEAT4 and MERRICAL between the two groups [Mann–Whitney U-test, 0.94 (0.76–1.24) 
vs 0.95 (0.69–1.21), P=0.408; 0.89 (0.71–1.19) vs 0.94 (0.70–1.24), P=0.690; Figure 1C and D].

Table 1 Baseline Characteristics of Non-CAD Patients and ACS Patients

Variable Non-CAD Patient  
(n=100)

ACS Patient  
(n=156)

P-value

Age, years 58.0±11.4 62.9±11.4 0.001
Female, n(%) 43 (43.0) 51 (32.7) 0.124
Smoking, n(%) 38 (38.0) 89 (57.1) 0.004
Hypertension, n(%) 36 (36.0) 65 (41.7) 0.439

Diabetes, n(%) 19 (19.0) 45 (28.8) 0.104
Dyslipidemia, n(%) 48 (48.0) 91 (58.3) 0.136

Platelet count, 103/ul 220±80 229±65 0.369

Hemoglobin, g/l 147±18 149±16 0.671
White blood count, 103/ul 6.8±2.5 8.0±3.2 0.003
Neutrophil percentage, % 62.9±6.8 75.7±11.2 <0.001
TC, mmol/l 3.83±1.35 4.48±1.17 <0.001
TG, mmol/l 1.21 (0.92–1.70) 1.48 (1.12–2.10) 0.002
LDL-C, mmol/l 2.34±1.13 2.74±0.92 0.002
HDL-C, mmol/l 1.23±0.29 1.10±0.27 0.001
HbA1c, % 5.6 (5.5–6.0) 5.9 (5.6–6.5) 0.001
NTpro-BNP, pg/mL 203 (79–476) 243 (94–713) 0.088

Creatinine, umol/l 80 (61–91) 82 (71–94) 0.057
hs-CRP, mg/L 3.22 (1.43–4.31) 5.26 (2.08–13.14) <0.001
hs-cTnT, ng/L 8 (5–12) 14 (7–25) <0.001

Note: Values with P < 0.05 are shown in bold. 
Abbreviations: ACS, acute coronary syndrome; CAD, coronary artery disease; HbA1c, glycated 
hemoglobin; HDL-C, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive pro
tein; hs-cTnT, high-sensitivity cardiac troponin T; LDL-C, low-density lipoprotein cholesterol; 
NTpro-BNP, N-terminal pro–B-type natriuretic peptide; TC, total cholesterol; TG, triglycerides.
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NORAD Could Serve as an Independent Predictor of ACS
To determine whether these lncRNAs could serve as independent predictors of ACS in patients presenting with chest 
pain, we conducted a multivariate logistic regression analysis, adjusting for age, gender, and cardiovascular risk factors. 
The results indicated that elevated levels of NORAD were independently associated with the occurrence of ACS [Per 
standard deviation (SD): Unadjusted model: OR=2.674, 95% CI 1.827–3.912, P<0.001; Adjusted model 1: OR=2.721, 
95% CI 1.837–4.029, P<0.001; Adjusted model 2: OR=2.567, 95% CI 1.724–3.823, P<0.001; Table 2], whereas the other 
three lncRNAs did not show an independent association with ACS.

Furthermore, subgroup analyses revealed no significant interaction effects across any of the subgroups. The associa
tion between elevated NORAD levels and the occurrence of ACS is consistent across different subgroups (Figure 2).

Diagnostic Performance of NORAD in Identifying ACS
After establishing the independent association between NORAD and ACS, we further examined its diagnostic value in 
predicting ACS in patients presenting with chest pain. ROC analysis revealed that NORAD alone demonstrated a good 
predictive ability (AUC=0.726, 95% CI 0.661–0.790, P<0.001; Figure 3A). The optimal cutoff value for the relative 
expression of NORAD in predicting ACS was determined to be 0.944, yielding a sensitivity of 81.1%, a specificity of 
56.0%, a positive predictive value (PPV) of 73.9%, and a negative predictive value (NPV) of 64.3% (Figure 3B). To assess the 
added diagnostic value of NORAD, we incorporated it into a model that included established ACS risk factors, such as age, 
sex, hypertension, smoking, diabetes, and dyslipidemia. Notably, the inclusion of NORAD significantly enhanced the model’s 
performance (AUC: 0.700 vs 0.763, DeLong test P = 0.024, Figure 3A). For this model, the optimal cutoff probability was 
0.418, which resulted in a sensitivity of 92.3%, a specificity of 48.0%, a PPV of 73.4%, and a NPV of 80.0% (Figure 3C).

A B C D

Figure 1 Relative Expression levels of four vascular inflammation-associated lncRNAs: Relative expression levels of NORAD (A), MIR181A1HG (B), HEAT4 (C), and 
MERRICAL (D) in peripheral blood serum between non-CAD patients (n=100), and ACS patients (n=156). P-values are for Mann–Whitney U-test. Boxplots represented the 
median, interquartile (box) and 1.5 interquartile range (whiskers).

Table 2 Tables for the Associations Between lncRNA and ACS

lncRNA Unadjusted Model Adjusted Model 1 Adjusted Model 2

OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

NORAD (Per SD) 2.674 (1.827–3.912) <0.001 2.721 (1.837–4.029) <0.001 2.567 (1.724–3.823) <0.001

MIR181A1HG (Per SD) 1.331 (1.019–1.739) 0.036 1.246 (0.945–1.641) 0.119 1.207 (0.906–1.609) 0.199

HEAT4 (Per SD) 1.083 (0.839–1.397) 0.542 1.078 (0.829–1.401) 0.575 1.021 (0.779–1.339) 0.878

MERRICAL (Per SD) 1.001 (0.779–1.288) 0.991 1.036 (0.797–1.349) 0.790 1.023 (0.774–1.352) 0.872

Notes: Adjusted Model 1: adjusting for age and sex. Adjusted Model 2: adjusting for age, sex, hypertension, smoking, diabetes, and dyslipidemia. Values 
with P < 0.05 are shown in bold.
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To further validate the predictive capacity of NORAD levels and the model incorporating NORAD, we tested it in an 
validation cohort consisting of 24 non-CAD patients and 36 ACS patients. ROC analysis showed that adding NORAD to 
the model improved its predictive ability (AUC: 0.690 vs 0.823, DeLong test P = 0.015, Figure 3D). The sensitivity, 
specificity, PPV, and NPV in the validation cohort (Figure 3E and F) were consistent with those previously found 
(Figure 3B and C), at the same optimal cutoff value, demonstrating the robustness of NORAD’s diagnostic performance 
across both cohorts.

Furthermore, in the primary cohort, we directly compared the diagnostic performance of NORAD with that of high- 
sensitivity cardiac troponin T (hs-cTnT), a widely used biomarker for ACS. ROC curve analysis demonstrated that there 
was no significant difference in the AUC values between NORAD and hs-cTnT (AUC: 0.726 vs 0.702, DeLong test, 
P = 0.64; Figure S1A). The optimal cutoff for hs-cTnT was 14 ng/L, corresponding to a sensitivity of 48.7% and 
a specificity of 91.0% (Figure S1B). We further evaluated the diagnostic performance of combining NORAD with hs- 
cTnT. Specifically, NORAD expression and the natural logarithm–transformed hs-cTnT values were incorporated into 
a logistic regression model to construct a new predictive model, yielding a combined AUC of 0.776 (Figure S1A), which 
was significantly higher than that of either biomarker alone (DeLong test, P = 0.034 and 0.010, respectively). These 

Subgroup

Overall

Age

60

<60

Gender

Male

Female

Current smoking 

Yes

No

Hypertension

Yes

No

Diabetes

Yes

No

Dyslipidemia

Yes

No

OR (95%CI)

2.567 (1.724−3.823)

2.437 (1.457−4.076)

2.903 (1.537−5.483)

3.862 (2.090−7.135)

1.915 (1.104−3.322)

2.573 (1.393−4.750)

2.515 (1.469−4.306)

2.666 (1.384−5.135)

2.677 (1.578−4.542)

4.008 (1.600−10.045)

2.079 (1.375−3.142)

1.971 (1.181−3.289)

4.085 (1.995−8.366)

P−value

<0.001

0.001

0.001

<0.001

0.021

0.003

0.001

0.003

<0.001

0.003

0.001

0.009

<0.001

P for interaction

/

0.944

0.06

0.915

0.981

0.198

0.161

0.5 1 2 4 8 16
Odds Ratio (95% CI)

Figure 2 Subgroup analysis for the association between NORAD expression (per SD increase) and ACS across traditional cardiovascular risk factors. The forest plot 
displays odds ratios (ORs) derived from logistic regression models, with NORAD expression standardized per standard deviation (SD). Red circles represent point estimates 
of ORs, horizontal lines indicate 95% confidence intervals (95% CI), and the vertical line marks the null value (OR=1). The diamond summarizes the overall OR for the entire 
cohort. Subgroup analyses were stratified by age, gender, smoking status, hypertension, diabetes, and dyslipidemia, with interaction P-values (P for interaction) assessing 
heterogeneity across subgroups.
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findings indicate that while NORAD demonstrates comparable diagnostic performance to hs-cTnT, their combination 
provides superior diagnostic accuracy for ACS.

Correlation Between NORAD and Inflammatory Cytokines
A previous study demonstrated that NORAD enhances pyroptosis in THP-1-derived macrophages. In our study, we 
measured the concentrations of three key inflammatory cytokines (IL-1β, IL-6, and TNF-α) involved in macrophage 
pyroptosis in the peripheral serum of ACS patients and examined their relationship with NORAD expression. Pearson’s 
correlation analysis revealed a moderate positive correlation between NORAD levels and the concentrations of IL-1β 
(R=0.40, P<0.001; Figure 4A) and IL-6 (R=0.34, P<0.001; Figure 4B). However, no significant correlation was observed 
with TNF-α (R=0.09, P=0.26; Figure 4C).

Furthermore, we also assessed the correlation (Figure S2) between three other lncRNAs and the inflammatory 
cytokines, but no significant associations were found.

A

FE

CB

D

Figure 3 Diagnostic Value of NORAD. Receiver operating characteristic (ROC) curves showing the diagnostic performance of NORAD alone, traditional risk factors (age, 
sex, hypertension, smoking, diabetes, and dyslipidemia), and the combination of risk factors with NORAD in the primary cohort (A). The predictive ability of NORAD was 
further evaluated using optimal cut-off values for the relative expression of NORAD (B) and the probability derived from a logistic regression model combining risk factors 
with NORAD (C), with comparisons between non-CAD patients and ACS patients. The validation cohort confirmed these findings, demonstrating ROC analysis (D) and 
predictive performance based on the same logistic regression models and cut-off values (E and F).
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Discussion
Numerous studies have highlighted that lncRNAs play a crucial role in regulating the development of atherosclerosis and 
vascular injury.25–29 In our analysis, we explored the predictive value of four newly identified lncRNAs21–24 associated 
with atherosclerosis and vascular inflammation in chest pain patients. Our results showed that NORAD performed 
particularly well. NORAD, a lncRNA that is activated by DNA damage, is located on chromosome 20q11.23 in 
humans.30 It plays a critical role in maintaining chromosomal stability and is involved in mitotic processes.30 Earlier 
studies have linked NORAD to several types of cancer,31–33 including breast, lung, and prostate cancers. Recent 
evidence21 has further elucidated the molecular mechanism through which NORAD regulates macrophage inflammation. 
NORAD was shown to aggravate atherosclerosis by promoting macrophage pyroptosis via the miR-106b-5p/TXNIP/ 
NLRP3 axis. Mechanistically, NORAD functions as a competing endogenous RNA (ceRNA) that directly binds to miR- 
106b-5p, thereby preventing miR-106b-5p from repressing its downstream target, thioredoxin-interacting protein 
(TXNIP). The upregulation of TXNIP subsequently activates the NLRP3 inflammasome, leading to caspase-1 activation, 
gasdermin-D cleavage, and enhanced secretion of IL-1β and IL-18. These processes amplify the inflammatory response 
and promote plaque instability. This mechanistic link supports our findings that NORAD levels are positively correlated 
with pyroptosis-related cytokines in ACS patients, suggesting that NORAD may contribute to coronary inflammation and 
plaque rupture by regulating inflammasome-mediated macrophage pyroptosis.

Previous research has highlighted that the expression of various lncRNAs is notably different between ACS patients 
and healthy controls, suggesting their potential as novel biomarkers for ACS prediction.19,20 In our study, we observed 
elevated serum levels of NORAD in ACS patients. Logistic regression analysis, which was adjusted for traditional 
cardiovascular risk factors, further indicated that NORAD is independently associated with ACS. Moreover, when 
NORAD was integrated into a predictive model that included traditional cardiovascular risk factors, the model’s ability 
to predict ACS was significantly improved. Importantly, internal validation using an additional cohort from our center, 
which included both non-CAD and ACS patients, confirmed the model’s robust predictive performance.

When used alone as a biomarker, NORAD showed relatively high sensitivity but only moderate specificity for 
predicting ACS. This moderate specificity may be explained by the fact that some patients in the control group presented 
with chest pain caused by other acute conditions such as pulmonary embolism, aortic dissection, or pericarditis. These 
conditions are often associated with systemic stress and heightened inflammation, which could elevate the expression of 
inflammation-related lncRNAs such as NORAD. Therefore, the clinical potential of NORAD may lie in its combination 
with established biomarkers, particularly high-sensitivity cardiac troponin T (hs-cTnT). Although hs-cTnT is widely used 
for the diagnosis of myocardial infarction,11–14 it cannot be applied to patients with unstable angina and typically remains 
within the normal range during the first three hours after symptom onset. In our study, combining NORAD with hs-cTnT 
significantly improved diagnostic performance compared with either biomarker alone. Collectively, our results indicate 
that NORAD represents a novel and complementary biomarker that could improve current diagnostic strategies for ACS 
when used alongside conventional markers.

A B C

Figure 4 Spearman correlation analysis of the expression of NORAD with inflammatory cytokines. Inflammatory cytokines: IL-1β (A), IL-6 (B), and TNF-α (C). P-values and 
R-values are for Spearman correlation analysis.

https://doi.org/10.2147/JIR.S540975                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Inflammation Research 2025:18 15992

Xin et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Although both the animal study and our clinical data provide new insights into the association between NORAD and ACS, 
further research is needed to validate its clinical potential. First, the sample size of our internal validation cohort was relatively 
small, so larger external cohorts are required to confirm NORAD’s ability to differentiate ACS in patients with chest pain. 
Second, it remains to be determined whether peripheral blood levels of NORAD in ACS patients can serve as an independent 
predictor of major adverse cardiovascular events. Finally, investigating the potential for combining NORAD with other ACS- 
related lncRNAs to improve diagnostic accuracy is a promising avenue for future research.

Conclusions
In conclusion, we assessed the levels of four vascular inflammation-associated lncRNAs in the peripheral blood of chest 
pain patients. Our results show that NORAD expression is significantly higher in the peripheral serum of ACS patients 
compared to those without CAD, and it correlates with IL-1β and IL-6 levels. Importantly, NORAD acts as an 
independent predictor of ACS and may assist in identifying ACS among patients presenting with chest pain.
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