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Abstract

Background. Nonalcoholic fatty liver disease (NAFLD) is increasingly recognized as a multisystem disor-
der with potential cardiovascular consequences. Its role in patients with unstable angina (UA), a high-risk
manifestation of coronary artery disease (CAD), remains underexplored.

Objectives. To evaluate the impact of NAFLD on long-term cardiovascular outcomes in patients with UA.

Materials and methods. This prospective cohort study enrolled 150 patients diagnosed with UA, who were
categorized into NAFLD and non-NAFLD groups based on imaging and clinical criteria. Baseline metabolic
and liver function parameters were recorded. Patients were followed for 3 years to document major adverse
cardiovascular events (MACE). Kaplan—Meier analysis was used to assess event-free survival, and multivariate
logistic regression was performed to identify independent predictors of MACE.

Results. Patients with NAFLD exhibited worse metabolic and liver function profiles than those without
NAFLD. During the 3-year follow-up period, the incidence of MACE was significantly higher in the NAFLD group.
Kaplan—Meier analysis revealed shorter MACE-free survival time among patients with NAFLD (p < 0.05).
However, in multivariate logistic regression analysis, diabetes mellitus, but not NAFLD, remained an inde-
pendent predictor of MACE after adjustment for potential confounding factors.

Conclusions. Nonalcoholic fatty liver disease s associated with metabolic dysfunction and an increased risk
of cardiovascular eventsin patients with UA. Although it is not an independent predictor of MACE, its presence
may indicate a higher long-term cardiovascular risk and should be considered in clinical risk stratification.

Key words: nonalcoholic fatty liver disease, unstable angina, cardiovascular diseases, Kaplan—Meier analysis,
logistic regression
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Highlights

and shorter event-free survival over 3 years.
term MACE in unstable angina.

in patients with unstable angina.

+ Nonalcoholic fatty liver disease (NAFLD) was associated with worse metabolic and liver profiles in patients with
unstable angina, indicating higher cardiovascular vulnerability.
« Patients with NAFLD experienced a significantly higher incidence of major adverse cardiovascular events (MACE)

+ Multivariate analysis identified diabetes mellitus, rather than NAFLD alone, as an independent predictor of long-

+ NAFLD may serve as a useful clinical marker for enhanced cardiovascular risk stratification and management

Background

Unstable angina (UA) is a manifestation of acute coro-
nary syndrome (ACS) and is often considered a precursor
to myocardial infarction, representing a critical cardiovas-
cular emergency. It is characterized by new-onset, worsen-
ing, or rest angina without an obvious cause.! Epidemio-
logical data indicate that UA is one of the most common
cardiovascular events among older adults, with its inci-
dence increasing with age. The condition is particularly
prevalent in individuals with known coronary artery dis-
ease (CAD), who are at higher risk of progressing to myo-
cardial infarction or sudden cardiac death.>? The clini-
cal significance of UA lies not only in its symptomatic
presentation but also in its associated complications and
unfavorable long-term prognosis.? Research indicates that
individuals with UA face an elevated risk of myocardial in-
farction or cardiac death within a short period, particularly
when timely treatment is not administered.>® Long-term
outcomes in these patients are influenced by several fac-
tors, including the severity of coronary artery stenosis,
coexisting conditions such as diabetes mellitus and hy-
pertension, and the timeliness and effectiveness of medical
interventions.” Therefore, UA is considered a cardiovascu-
lar emergency requiring prompt diagnosis and treatment
to reduce mortality and improve prognosis.

Nonalcoholic fatty liver disease (NAFLD), a chronic liver
condition associated with metabolic syndrome, is char-
acterized by fat accumulation in the liver in the absence
of significant alcohol consumption. Its prevalence is in-
creasing globally, particularly among adults with obesity
or type 2 diabetes (T2D). Nonalcoholic fatty liver disease
encompasses a broad pathological spectrum, ranging from
simple steatosis to nonalcoholic steatohepatitis, which may
progress to fibrosis or cirrhosis.®1° Increasing evidence
highlights its strong association with systemic metabolic
disorders and cardiovascular diseases. Studies suggest that
NAFLD increases the risk of major adverse cardiovascular
events (MACE) and is associated with poorer outcomes
in patients with pre-existing cardiovascular conditions.'*12

Mechanistically, NAFLD may contribute to atheroscle-
rosis and cardiovascular injury through insulin resistance,

endothelial dysfunction, chronic inflammation, and oxi-
dative stress.!*! Clinical studies have further identified
NAFLD as an independent risk factor for both malignant
arrhythmias in patients with ACS and increased CAD se-
verity, as evidenced by its association with higher Gensini
scores and an increased risk of coronary heart disease.!>1
These findings underscore the systemic cardiovascular
impact of NAFLD. However, evidence regarding the prog-
nostic value of NAFLD specifically in patients with UA
remains scarce, and prospective studies with long-term
follow-up in this population are particularly limited. This
highlights the need to clarify whether NAFLD indepen-
dently influences cardiovascular outcomes in this high-
risk subgroup.

Objectives

Despite growing evidence linking NAFLD to cardiovas-
cular diseases, studies specifically examining its impact
on the long-term prognosis of patients with UA remain
limited. This study aimed to investigate the influence
of NAFLD on the 3-year incidence of MACE and car-
diovascular outcomes in patients with UA using a pro-
spective cohort design. Findings from this research may
provide valuable insights into clinical risk stratification
and the long-term management of patients with UA, par-
ticularly those with coexisting NAFLD.

Materials and methods
Study population

This was a single-center prospective cohort study that
enrolled all eligible patients with UA treated at Xi’an Third
Hospital (China) between January 2020 and December
2021. A total of 150 patients aged >18 years were included
and divided into 2 groups based on the presence of NAFLD:
the non-NAFLD group and the NAFLD group. The diag-
nostic criteria for UA were as follows!”: 1) typical anginal
chest pain; 2) ischemic changes on electrocardiography
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(ECQG), including new or transient ST-segment depres-
sion 0.1 mV or T-wave inversion >0.2 mV; and 3) nor-
mal cardiac biomarker levels, including cardiac troponin
T (TnT), cardiac troponin I (Tnl), and creatine kinase-MB
isoenzyme (CK-MB).

Exclusion criteria included: 1) other cardiovascular
conditions, such as stable angina, myocardial bridging,
coronary artery anomalies, cardiomyopathy, valvular
or congenital heart disease, or heart failure; 2) a history
of percutaneous coronary intervention (PCI) or coro-
nary artery bypass grafting (CABG); 3) recent use (within
1 month) of steroids, anti-inflammatory agents, antibiotics,
non-steroidal anti-inflammatory drugs (NSAIDs), or im-
munosuppressants; 4) chronic liver diseases, including
hepatitis B, hepatitis C, autoimmune liver disease, or drug-
induced liver injury; and 5) severe infections, renal dys-
function, malignancies, or other significant comorbidities.

Nonalcoholic fatty liver disease was diagnosed based
on the following criteria: 1) absence of significant alco-
hol consumption, defined as an average ethanol intake
of <210 g/week for men and <140 g/week for women,
maintained consistently over the preceding 6 months;
2) exclusion of other specific liver diseases, such as viral
hepatitis; and 3) characteristic findings on abdominal
B-mode ultrasonography, including increased hepatic
echogenicity compared with the spleen and kidney, uni-
form enhancement of the near field with posterior at-
tenuation, indistinct intrahepatic vascular architecture,
and mild-to-moderate hepatomegaly with rounded bor-
ders. All patients provided written informed consent.
The present study was conducted in accordance with
the Declaration of Helsinki and was approved by the Eth-
ics Committee of Xi’an Third Hospital (approval No.
XATH-20200041).

The required sample size was calculated using a cohort
study formula, with parameters based on preliminary esti-
mates of NAFLD prevalence among patients with UA. Us-
ing a 95% confidence level (Z = 1.96), an estimated NAFLD
proportion (p = 0.28), and a margin of error (d = 0.072),
the sample size was calculated as follows:

n=272xpx(1-p)/d?=196%x0.28 x (1 — 0.28)/0.072% ~ 150.

Thus, a sample size of 150 was considered adequate
to detect significant differences in cardiovascular out-
comes between the groups.

Data collection

Demographic, epidemiological, and clinical data were
collected, including age, sex, body mass index (BMI), smok-
ing status, alcohol consumption history, and comorbidi-
ties such as hypertension and diabetes mellitus. Blood
tests were performed using an automated biochemical
analyzer (Hitachi 7600; Hitachi Corporation, Tokyo, Ja-
pan) to assess the following parameters: lipid metabolism
markers, including total cholesterol (TC), triglycerides

(TG), high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C); liver func-
tion markers, including alanine aminotransferase (ALT)
and aspartate aminotransferase (AST); cardiac biomark-
ers, including N-terminal pro-B-type natriuretic peptide
(NT-proBNP), CK-MB activity, and Tnl; and inflammatory
markers, including C-reactive protein (CRP) and procalci-
tonin (PCT), as previously described.!®!

Follow-up and observation indicators

All patients were followed for 3 years after discharge.
For patients who died during follow-up, the time and cause
of death were recorded. MACE were defined as the oc-
currence of any of the following events during follow-up:
sudden cardiac death, heart failure, cardiogenic shock,
recurrent myocardial infarction, or arrhythmias associated
with hemodynamic instability. MACE-free survival time
was documented for each patient.

Statistical analyses

Statistical analyses were performed using IBM SPSS
v. 25.0 (IBM Corp., Armonk, USA). Data normality was
assessed separately in each group. The Shapiro—Wilk test
was used for the NAFLD group (n = 48), whereas the Kol-
mogorov—Smirnov test was applied to the non-NAFLD
group (n = 102), in accordance with standard recommenda-
tions based on sample size (Supplementary Table 1).

Continuous variables were expressed as mean + stan-
dard deviation (SD) for normally distributed data or as me-
dian (range, interquartile range (IQR)) for non-normally
distributed data. Comparisons between groups were con-
ducted using Student’s t-test or the Mann—Whitney U test,
as appropriate. For variables that were normally distributed
in both groups, equality of variances was assessed using
Levene’s test; if variances were unequal, Welch'’s t-test was
applied instead of the standard Student’s t-test.

Categorical variables were compared using Pearson’s
X test of independence, as all cross-tabulations had a mini-
mum expected cell count greater than 5. Survival analy-
sis was performed using the Kaplan—Meier method, and
differences in survival distributions were assessed with
the log-rank test. Multivariate logistic regression analy-
ses were conducted to identify independent predictors
of MACE.

The assumptions of logistic regression were assessed
as follows: linearity of continuous variables with the logit
of the outcome was tested using the Box-Tidwell pro-
cedure; multicollinearity was evaluated using variance
inflation factors (VIFs); and potential outliers or influ-
ential observations were examined using Cook’s dis-
tance and studentized residuals obtained from the SPSS
regression diagnostics output. Model fit was assessed
using the Hosmer—Lemeshow goodness-of-fit test and
Nagelkerke’s R2.



A two-sided p < 0.05 was considered statistically signifi-
cant. This study involved several hypothesis tests. No for-
mal adjustment for multiple comparisons was performed,
as all comparisons were conducted using standard statisti-
cal methods (Student’s t-test, Mann—Whitney U test, and
X2 test).

Results

Comparison of demographic
characteristics, liver function, and lipid
metabolism indicators between the NAFLD
and non-NAFLD groups

Asshown in Table 1, there were no significant differences
between the NAFLD and non-NAFLD groups in terms
of age, sex distribution, smoking status, alcohol consump-
tion history, or the prevalence of hypertension and diabetes
mellitus. However, the NAFLD group had a significantly
higher BMI (p < 0.001), accompanied by an unfavorable
lipid profile, including elevated TG levels (p < 0.001) and
decreased HDL-C levels (p < 0.001), whereas no significant
differences were observed in TC or LDL-C levels. Addi-
tionally, liver function markers were significantly impaired
inthe NAFLD group, as evidenced by higher ALT and AST
levels (both p < 0.001). Median MACE-free survival time
was also significantly shorter in the NAFLD group than
in the non-NAFLD group (p = 0.006). The original results
of Levene’s test are presented in Supplementary Table 2.

Table 1. Basic characteristics of all patients
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Comparison of cardiac biomarkers
and inflammatory factor levels between
the NAFLD and non-NAFLD groups

Cardiac biomarker and inflammatory marker levels
were further compared between the 2 groups. As shown
in Fig. 1, the NAFLD group had significantly higher levels
of NT-proBNP, Tnl, and PCT (all p < 0.001). No significant
differences were observed in CK-MB or CRP levels. These
findings suggest that patients with NAFLD may have more
pronounced myocardial injury and systemic inflammation.

Comparison of MACE incidence between
the NAFLD and non-NAFLD groups

To further evaluate long-term outcomes, the incidence
of MACE was compared between the 2 groups. During
the 3-year follow-up period, a total of 29 patients (19.33%)
developed MACE. The NAFLD group exhibited a signifi-
cantly higher incidence of MACE than the non-NAFLD
group (p = 0.003; Table 2). Post hoc power analysis
(o = 0.05, two-sided), based on the observed MACE inci-
dence rates (31.3% vs 13.7%) and sample sizes (48 vs 102),
yielded a statistical power of 95.6%. Although the NAFLD
group showed numerically higher rates of sudden car-
diac death, myocardial infarction, and heart failure, none
of these differences reached statistical significance. These
findings suggest a potential association between NAFLD
and an increased overall cardiovascular risk in patients
with UA.

Non-NAFLD group (n = 102) t/Z/y?

Variable NAFLD group (n =48)
Age [years]* 61(48-71,12)
Male sex, n (%)* 21 (43.75)
BMI& 2693 £2.58
Smoking status, n (%) 19 (39.58)
Alcohol consumption history, n (%)* 11 (22.92)
Hypertension, n (%)* 27 (56.25)
Diabetes, n (%)* 12 (25.00)
TC (mmol/L)& 461 +045
TG (mmol/L)& 2124043
LDL-C (mmol/L)% 2.74+043
HDL-C (mmol/L)* 0.93 (0.59-1.20, 0.34)
ALT (U/L)* 57.51(28.65-73.21,20.54)
AST (U/L)* 44.76 (20.68-67.73, 25.79)
MACE disease-free survival [days]* 1095 (159-1095, 349.5)

61(51-71,11.5) Z(n=48vs 102) =0.157 0875

43 (42.16) 32 (1) = 0,052 0820

24.50 £2.41 t(148) = 5638 <0.001
38(37.25) (1) = 0.735

23 (22.55) ¥ (1) = 0,004 0.950

53 (51.96) ¥ (1) =0371 0.543

17 (16.67) ¥ (1)=2.103 0.147

453 2046 £ (148) = 0.903 0368

145 +0.28 1(65.507) = 9.741 <0.001
275043 t(148) = -0.235 0815

1.14 (0.82-1.48, 0.29) Z(n=48vs 102) = 5686 <0.001
2414 (11.32-35.14,1343) Z (n=48vs 102) = —9.407 <0.001
29.18(12.81-39.01, 11.81) Z(n=48vs 102) = —6.708 <0.001
1095 (293-1095, 802) Z(n=48vs 102) = —2.750 0.006

*Non-normally distributed continuous variables, expressed as median (range, interquartile range (IQR)) and analyzed using the Mann-Whitney U test,
including age, HDL-C, ALT, AST, and median DFS. *Categorical variables (column percentages) were compared using Pearson’s x? test of independence,
as all expected cell counts were >5 and all analyses were performed using non-rounded values in the SPSS Crosstabs procedure. These variables
included sex, smoking status, alcohol consumption history, hypertension, and diabetes mellitus. “Normally distributed continuous variables, expressed
as mean =+ standard deviation (SD) and analyzed using Student’s t-test, including BMI, TC, TG, and LDL-C. BMI - body mass index; TC - total cholesterol;
TG - triglycerides; LDL-C - low-density lipoprotein cholesterol; HDL-C — high-density lipoprotein cholesterol; ALT — alanine aminotransferase;

AST - aspartate aminotransferase; DFS — disease-free survival.
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Fig. 1. Cardiac biomarker and inflammatory marker levels in the nonalcoholic fatty liver disease (NAFLD) and non-NAFLD groups. Data are presented as box
plots, with whiskers indicating the minimum and maximum values. N-terminal pro-B-type natriuretic peptide (NT-proBNP) followed a normal distribution
and was compared using Student’s t-test, whereas all other variables were non-normally distributed and analyzed using the Mann-Whitney U test

CK-MB - creatine kinase-MB isoenzyme; Tnl — cardiac troponin I; CRP — G-reactive protein; PCT — procalcitonin.

Table 2. MACE incidence between the NAFLD and non-NAFLD groups

Variable

NAFLD group (n = 48)
Sudden cardiac death, n (%)* 4(8.33)
5(1042)
Heart failure, n (%)* 4(8.33)

Myocardial infarction, n (%)*

MACE, n (%) 15(31.25)

Non-NAFLD group (n = 102)

3(294) %2 (1)=2732 0.098
6(589) ¥ (1)=1377 0241
4(392) ¥ (1) = 1.691 0.193
14(13.73) X2 (1) = 8.804 0.003

* Categorical variables (column percentages) were compared using Pearson’s x? test of independence, as all expected cell counts were >5, including
sudden cardiac death (minimum expected count = 5.64), myocardial infarction (minimum expected count = 8.15), heart failure (minimum expected
count = 6.13), and MACE (minimum expected count = 22.49). All analyses were performed using non-rounded values in the SPSS Crosstabs procedure.
MACE — major adverse cardiovascular events; NAFLD — nonalcoholic fatty liver disease.

Kaplan-Meier analysis of MACE-
free survival in the NAFLD
and non-NAFLD groups

To further assess the prognostic impact of NAFLD, Ka-
plan—Meier analysis was performed to compare MACE-
free survival between the 2 groups. As shown in Fig. 2,
the NAFLD group had significantly shorter MACE-free
survival than the non-NAFLD group (p = 0.006), indicat-
ing a higher cumulative incidence of cardiovascular events
over time.

Multivariate logistic regression analysis
of risk factors for MACE

To identify independent risk factors for MACE, a mul-
tivariate binary logistic regression analysis was per-
formed, including all clinically relevant variables. Given
their highly skewed distributions and unstable estimates
in the initial model, TnI and PCT were transformed into
binary variables using the median as the cutoff value

Fig. 2. Kaplan-Meier analysis of major adverse cardiovascular event
(MACE)-free survival in the nonalcoholic fatty liver disease (NAFLD) and
non-NAFLD groups

to improve interpretability and model stability. The model
demonstrated acceptable goodness of fit, as indicated
by a non-significant Hosmer—Lemeshow test (p = 0.254)
and a Nagelkerke R? value of 0.357. Multicollinearity was
assessed using variance inflation factors (VIFs), which
showed that all variables had VIF values <5, except for
NAFLD (VIF = 7.046). Given its clinical importance and



Table 3. Logistic regression analysis of risk factors for MACE occurrence
within 3 years in UA patients

Variables | (0] | 95% Cl | p-value
Age 1.086 0.996-1.185 0.062
Male 0.660 0.224-1.943 0451
BMI 0.918 0.747-1.128 0416
Smoking 0.687 0.237-1.992 0.490
Drinking 0.552 0.193-1.579 0.268
Hypertension 1.260 0.420-3.781 0.680
Diabetes mellitus 10.269 3.148-33.495 <0.001
TC 2753 0.790-9.594 0.112
TG 1.718 0.398-7.406 0.468
LDL-C 1.167 0.345-3.948 0.804
HDL-C 1915 0.103-35.514 0.663
ALT 0.980 0.931-1.031 0432
AST 1.003 0.960-1.049 0.880
NT-proBNP 0.995 0.988-1.002 0.150
CK-MB 1.002 0.887-1.132 0.971
Tnl (group) 1.600 0.456-5.607 0.463
CRP 1.003 0.735-1.369 0.983
PCT (group) 1.430 0.430-4.752 0.559
NAFLD 0.172 0.014-2.054 0.164

BMI - body mass index; TC - total cholesterol; TG - triglycerides;

LDL-C - low-density lipoprotein cholesterol; HDL-C — high-density
lipoprotein cholesterol; ALT — alanine aminotransferase; AST — aspartate
aminotransferase; NT-proBNP — N-terminal pro-B-type natriuretic
peptide; CK-MB - creatine kinase-MB isoenzyme; Tnl — cardiac troponin |;
CRP — Greactive protein; PCT - procalcitonin; NAFLD - nonalcoholic fatty
liver disease; OR — odds ratio; 95% Cl| — 95% confidence interval.

predefined role as the primary exposure variable, NAFLD
was retained in the model despite its elevated VIF (Supple-
mentary Table 3). However, we acknowledge that its inclu-
sion introduces potential multicollinearity and therefore
represents a methodological compromise that may have
affected its statistical significance. Residual diagnostics
revealed no studentized residuals exceeding +3.0, and all
Cook’s distance values were below 1.0, indicating the ab-
sence of influential outliers. Leverage values were within
acceptable limits, supporting the robustness of the re-
gression model (Supplementary Table 4). Linearity be-
tween continuous predictors and the logit of the outcome
was assessed using the Box-Tidwell test. All interaction
terms were non-significant (p > 0.05), except for AST
(p = 0.019), which showed a mild deviation from linearity.
However, given the overall model stability and clinical rel-
evance, AST was retained in the final model (Supplemen-
tary Table 5). As shown in Table 3, diabetes mellitus was
independently associated with an increased risk of MACE
(odds ratio (OR) = 10.269, 95% confidence interval (95%
CI): 3.148-33.495, p < 0.001). No other variables, includ-
ing NAFLD, age, lipid parameters, liver enzymes, cardiac
biomarkers, or inflammatory markers, reached statistical
significance in the multivariate model.

P. Shi, X. Meng. NAFLD tied to CV events, not independent risk

Discussion

Unstable angina is a clinical concern not only because
of its acute symptomatic burden but also due to its high
instability and potential to progress to myocardial infarc-
tion or sudden cardiac death.?’ In this prospective cohort
study, we found that patients with coexisting NAFLD had
a significantly higher incidence of MACE during the 3-year
follow-up period compared with those without NAFLD.

MACE occurrence in patients with UA is influenced
by various factors. Alongside established cardiovascular
risk factors such as hypertension, diabetes mellitus, hyper-
lipidemia, smoking, and family history, key determinants
of prognosis include the severity of coronary artery le-
sions, cardiac function, inflammatory marker levels, and
the timeliness and effectiveness of therapeutic interven-
tions. Studies have identified several predictors of MACE
in patients with UA. For instance, 1 study found a higher
incidence of MACE in men than in women (4.1% vs 2.6%,
p < 0.05), despite similar in-hospital cardiac mortality
rates.?! Another study identified advanced age, diabetes
mellitus, reduced left ventricular ejection fraction (LVEF),
elevated high-sensitivity C-reactive protein (hs-CRP), and
high SYNTAX scores as independent predictors of MACE
within 2 years after discharge.?? Additionally, unstable
plaques and elevated CD4+*/CD8" ratios have been associ-
ated with increased plaque instability.? Emerging serum
markers, such as NLRP3 and growth differentiation factor
15 (GDF-15), have also been associated with prognosis
in patients with UA.2425

In our study, the overall 3-year incidence of MACE was
19.3%, which is comparable to long-term MACE rates
reported in population-based cohorts with NAFLD. For
instance, an Australian cohort study reported an 18.8%
incidence of 5-point MACE over a mean follow-up pe-
riod of approx. 18 years.?® Given that our study focused
on a hospitalized UA population with an inherently higher
baseline risk, the observed event rate is clinically plausible.

Furthermore, patients with NAFLD had a significantly
higher incidence of MACE during follow-up; however,
NAFLD was not identified as an independent predictor
after adjustment for confounding factors. This finding
suggests that the adverse cardiovascular outcomes ob-
served in patients with UA and NAFLD may be mediated
by coexisting metabolic abnormalities, particularly dia-
betes mellitus, which showed the strongest independent
association in our model. In addition, multicollinearity
between NAFLD and metabolic parameters such as BMI
and triglyceride levels may have attenuated the indepen-
dent statistical contribution of NAFLD in the multivariate
analysis.

Although age did not reach statistical significance
in the multivariate model (p = 0.062), the observed trend
suggests a potential association that may warrant further
investigation in larger cohorts. Among the analyzed vari-
ables, diabetes mellitus showed the strongest independent
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association with MACE, indicating that metabolic dys-
function may be the primary driver of poor prognosis
in this subgroup. This finding is consistent with studies
in other disease populations, in which cardiovascular risk
factors have been shown to independently affect disease
phenotype and prognosis, such as in patients with polycy-
themia vera and essential thrombocythemia.?”

Compared with previous studies that identified vari-
ous inflammatory and structural indicators as predic-
tors of MACE, our findings highlight the need to clarify
whether NAFLD acts as a mediator, amplifier, or merely
a marker of metabolic risk in predicting cardiovascular
outcomes in patients with UA.

Nonalcoholic fatty liver disease is an established in-
dependent risk factor for cardiovascular diseases and
is linked to metabolic disorders and chronic inflamma-
tion. It increases the risk of hypertension, coronary heart
disease, cardiomyopathy, and arrhythmias, thereby con-
tributing to higher cardiovascular morbidity and mor-
tality.2® A cohort study involving more than 210,000
participants confirmed NAFLD as a predictor of all-
cause mortality and adverse cardiovascular outcomes,
highlighting the value of incorporating NAFLD into
cardiovascular risk assessment.? Additionally, NAFLD
has been associated with an increased incidence of myo-
cardial infarction, irrespective of other risk factors.3¢
A meta-analysis further revealed that female patients
with NAFLD face significantly higher rates of coronary
events and mortality.?!

The pathophysiological mechanisms underlying NAFLD
are closely related to insulin resistance, which leads to dys-
function of adipokines produced by adipose tissue, particu-
larly adiponectin. Furthermore, increased formation of re-
active oxygen species (ROS) promotes the oxidation of free
fatty acids, while triglyceride accumulation enhances de
novo lipogenesis, resulting in a pro-inflammatory state
and increased oxidative stress. These mechanisms may
contribute to the formation and progression of atheroscle-
rotic plaques, potentially increasing cardiovascular risk
in patients with NAFLD.!?

Although NAFLD is widely recognized as an indepen-
dent cardiovascular risk factor in the general population, its
role as an independent predictor of MACE in patients with
UA was not confirmed in our cohort after adjustment for
confounding factors. Nonetheless, the prospective design
of our study and the 3-year follow-up period strengthen
the evidence for an association between NAFLD and ad-
verse cardiovascular outcomes in patients with UA, even
if NAFLD was not independently predictive in the multi-
variate analysis.

Limitations of the study
While this study provides valuable insights into the im-

pact of NAFLD on patients with UA, several limitations
should be acknowledged. First, this was a single-center

study with a relatively limited sample size, which may
affect the generalizability of the findings. Although po-
tential confounding factors were considered, influences
such as lifestyle and genetic background may not have
been fully accounted for. In addition, the 3-year follow-up
period may be insufficient to capture the full long-term
effects of NAFLD in patients with UA. Furthermore, due
to the relatively low number of MACE events and the in-
clusion of multiple clinically relevant variables, the multi-
variate model may have been affected by limited statistical
power and potential overfitting. Nevertheless, the model-
ing approach was retained to preserve a comprehensive
assessment of cardiovascular risk. In addition, CK-MB
was measured as enzymatic activity rather than mass
concentration, which may be more susceptible to false-
positive results due to skeletal muscle injury or macro-CK
interference and should therefore be considered a potential
source of diagnostic imprecision. Finally, because multiple
hypotheses were tested, there is a potential risk of type
I error, and the results should therefore be interpreted
with caution.

Conclusions

In patients with UA, coexisting NAFLD was associated
with a higher incidence of major adverse cardiovascular
events during a 3-year follow-up period, although it was not
identified as an independent predictor after adjustment for
confounding factors. These findings suggest that NAFLD
may serve as a marker of increased cardiovascular risk
and highlight the importance of comprehensive metabolic
assessment and long-term follow-up in this population.

Supplementary data

The supplementary materials are available at: https://
doi.org/10.5281/zenodo.17370159. The package contains
the following files:

Supplementary Table 1. Results of normality tests.

Supplementary Table 2. Original Student’s t-test results
for Table 1 of the main text, including Levene’s test results.

Supplementary Table 3. VIF results for the logistic re-
gression analysis presented in Table 3.

Supplementary Table 4. Residual and influence diagnos-
tics for the logistic regression model presented in Table 3,
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