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Abstract

Objectives: The primary aim of this study was to investigate the potential relationship between non-alcoholic
fatty liver disease (NAFLD) and contrast-induced nephropathy (CIN) in patients with non-ST-elevation myo-
cardial infarction (NSTEMI). As a secondary goal, we aimed to explore the impact of NAFLD on short-term
adverse events and coronary artery disease (CAD) severity in patients with NSTEMI.

Methods: Three hundred and seven NSTEMI patients were included in this study. Laboratory analyses of these
patients were performed before the procedure and 48-72 h after the procedure, and all patients underwent
pre-procedure 2-dimensional transthoracic echocardiography and pre-discharge abdominal ultrasonography.
The NAFLD (-) and (+) groups were compared statistically in terms of CIN, major cardiovascular-cerebrovas-
cular adverse events (MACCE), and coronary artery severity (assessed by syntax score).

Results: The mean age of the 307 consecutive patients included in the study was 61.58%£12.39 (min-max:
26-94). The rates of CIN (primary objective) and MACCE and syntax scores (secondary objective) were com-
parable in both groups.

Conclusion: In patients with NSTEMI, there was no relationship between NAFLD and CIN and short-term
MACCE. Furthermore, NAFLD may not have an impact on the CAD severity in such patients. Based on these
results, NAFLD is not a risk factor for CIN, short-term mortality, or CAD severity in NSTEMI patients.

Keywords: Contrast-induced nephropathy; hepatosteatosis; MACCE; NSTEMI; syntax score.

Alkolsiiz Yagh Karaciger Hastaliginin ST Yiikselmesiz
Miyokard Enfarktiisiinde Kontrast Nefropatisi ve
Olumsuz Olaylara Bir Etkisi Var Mr?

Ozet

Amag: Bu calismanin temel amaci, ST yiikselmesiz miyokard enfarktiisii (NSTEMI) hastalarinda alkolik olmayan
yagl karaciger hastaligi (AOYKH) ile kontrast nefropati (KN) arasindaki potansiyel iliskiyi aragtirmakti. ikincil
bir amag olarak, NSTEMI hastalarinda AOYKH'nin kisa vadeli olumsuz olaylar ve koroner arter hastaligi (KAH)
siddeti Uzerindeki etkisini aragtirmayi amagladik.

Gereg ve Yontem: Bu calismaya 307 NSTEMI hastasi dahil edildi. Bu hastalarin laboratuvar analizleri islem
oncesi ve islem sonrasi 48—72 saat iginde yapildi ve tim hastalara islem &ncesi 2 boyutlu transtorasik eko-
kardiyografi ve taburculuk dncesi batin ultrasonografisi yapildi. AOYKH (-) ve (+) gruplart KN, majér kardiyo-
vaskiiler-serebrovaskiiler advers olaylar (MACCE) ve koroner arter siddeti (Syntax skoru ile degerlendirilen)
agisindan istatistiksel olarak karsilagtirildi.
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Bulgular: Calismaya dahil edilen ardisik 307 hastanin yas ortalamasi 6 1,58%12,39 (min-maks: 26-94) idi. KN (birincil amag) ve MACCE ve s6zdizimi

puanlari (ikincil amag) oranlari her iki grupta da benzerdi.

Sonug: NSTEMI hastalarinda AOYKH ile KN ve kisa suireli MACCE arasinda iliski yoktu. Ayrica AOYKH'nin bu tiir hastalarda KAH siddeti tizerinde
bir etkisi olmayabilir. Bu sonuglara gére AOYKH, NSTEMI hastalarinda KN, kisa siireli mortalite veya KAH siddeti icin bir risk faktori degildir.

Anahtar sozciikler: Kontrast nefropatisi; hepatosteatoz; MACCE; NSTEMI; syntax skoru.

Introduction

Liver steatosis that does not arise from excessive alcohol con-
sumption is termed non-alcoholic fatty liver disease (NAFLD).
NAFLD, the most common cause of chronic liver disease, is
associated with metabolic syndrome and obesity. The global in-
crease in these diseases has inflated the prevalence of NAFLD,
currently estimated at 24%.l'2

Chronic kidney disease (CKD) is a prominent risk factor for
cardiovascular disease (CVD).B! There is plentiful evidence
revealing an independent relationship between NAFLD and
CKD.*# The pathophysiological mechanisms that trigger NA-
FLD and CKD seem similar.”? NAFLD is also associated with
other metabolism-related diseases such as CVDs and diabetes
mellitus. The newly proposed “cross-talk” concept may ex-
plain the relationship between all these diseases. Disrupted
crosstalk can lead to loss of homeostatic balance and, hence,
engendering organ damage. Contrast-induced nephropathy
(CIN) is one of the most widespread causes of acute kidney
damage in the hospital setting.['”

In addition to studies displaying the presence and severity of
coronary artery disease (CAD) in patients with NAFLD,!'"'2
a limited number of studies have investigated the relationship
between NAFLD and mortality in acute coronary syndrome.["*!
However, the potential relationship between NAFLD and CIN
remains unknown. The primary aim of this study was to inves-
tigate the possible relationship between NAFLD and CIN in
patients with non-ST-elevation myocardial infarction (NSTEMI).
Second, we aimed to explore the impact of NAFLD on short-
term adverse events and CAD severity in patients with NSTEMI.

Materials and Methods

Study Population

This prospective and cross-sectional study was approved by
the University of Health Sciences Bursa Yuksek lhtisas Train-
ing and Research Hospital Ethics Committee (date: 16.11.2022;
no: 201 1-KAEK-25 2022/1 1-10). The exclusion criteria were as
follows: non-NAFLD liver fat or chronic liver disease such as
hepatitis cirrhosis and patients with chronic renal failure whose
estimated GFR was below 30 mL/min. The study population
comprised patients with NSTEMI admitted to our coronary
care unit between December 2022 and July 2023. NSTEMI is de-
fined as acute myocardial injury evidenced by abnormal cardiac
biomarkers of acute myocardial ischemia without persistent ST
elevation. Out of 355 consecutive patients, eight did not agree
to participate in the study. Written consent was obtained from
the remaining 347 patients who were included in the study. Of
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these patients, 23 were excluded from the study because they
could not undergo angiography or refused angiography within
the last minute. In addition, |7 patients were excluded from the
study because their |-month control examinations could not be
performed; finally, 307 patients were included in the statistical
analysis (Fig. I). Patients were monitored for CIN and major
adverse cardiovascular and cerebrovascular events (MACCE:
cardiovascular death, unstable angina, myocardial infarction,
stroke, unplanned revascularization, cardiovascular hospital-
izations, and hemodialysis) during the in-hospital and post-dis-
charge |-month periods.

Laboratory Analysis

Fasting blood samples were collected from all patients before
the procedure and were sent to the central laboratory of our
hospital. The patients’ fasting blood tests were repeated be-
tween 48 and 72 h after angiography and interventional pro-
cedures. CIN was defined as an increase in serum creatinine
level by 20.5 mg/dL or more than 25% from the baseline within
48-72 h following the invasive procedure.

Echocardiographic and Ultrasonographic Evaluation

All patients underwent 2-dimensional (2D) transthoracic echo-
cardiography before coronary angiography. Echocardiography
was performed by a single echocardiographer blinded to the pa-
tient’s data, and a Vivid E95 platform with a 3.5 Mhz transducer
was used for the procedure software (GE Vingmed Ultrasound
AS, Horten, Norway). Echocardiographic parameters were
evaluated according to the recommendations of the American
Society of Echocardiography guidelines.l'¥l Standard 2D, color,
pulse, and continuous Doppler data were recorded while the
patient was lying supine in the left decubitus position and during
patient expiration. The modified Simpson method was used for
the volumetric chamber and ejection fraction measurements.

All patients underwent abdominal ultrasonography by a radiol-
ogist blinded to the patients’ data before discharge and after 8
h of fasting (3.5 MHz convex transducer, Toshiba USDI-790A,
Otawara, Japan). Liver echogenicity was determined by com-
parison with the echogenicity of the right kidney. If the echoge-
nicity of the kidney and liver was the same, this condition was
considered normal and considered no NAFLD (grade 0). Liver
steatosis was ultrasonographically divided into three groups
as follows: mild (grade I) with a slight diffuse increase in liver
echogenicity, hepatic vessels, and diaphragm contours. Moder-
ate (grade 2): moderate increase in liver echogenicity with slight
distortions in the hepatic vessels and diaphragm boundaries.
Advanced (grade 3): A significant increase in liver echogenicity,
and hepatic vessels and diaphragm are not visible.['>']
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analysis finally

NAFLD (-) group
180 patients

355 consecutive patients with NSTMI
were screened for the study

347 patients gave informed
consent and included in the study

307 patients were included in the statistical

8 patients refused to
participate and excluded

40 patients were excluded too.
23 of them, angiography couldn’t be
performed
17 of them, couldn’t be checked at 1
month

NAFLD (+) group
127 patients

Figure |. Study flowchart.

NSTMI: Non-ST segment myocardial infarction; NAFLD: Non-alcoholic fatty liver disease.

Angiography and Interventional Procedure

All patients included in the study underwent coronary angiogra-
phy within 72 h of hospital admission, and if deemed necessary,
percutaneous coronary intervention was performed in the same
session. The decision for interventional procedure was left to the
discretion of the invasive cardiologist performing the procedure.
In these procedures, iopromide (Ultravist® 370 mg/mL, Berlin,
Germany) was used as contrast agent. The syntax scores of the
patients were obtained by two experienced invasive cardiologists
who were unaware of the patients’ clinical features, using a web-
based online calculator (www.syntaxscore.com, version 2.1).

Statistical Analysis

All statistical analyses were performed using IBM SPSS Sta-
tistics (version 26.0; IBM Corp., Armonk, NY, USA). Patients
were divided into two groups according to the presence or
absence of NAFLD: NAFLD (-) and NAFLD (+). Continu-
ous variables showing normal distribution according to the
Kolmogorov—-Smirnov test were expressed as meantstandard
deviation, and those not showing normal distribution were
expressed as median (interquartile range 25-75). Categorical
variables were presented as numbers (n) and percentages (%).
The independent Samples t-test was used to compare demo-
graphic, clinical, and procedure-related variables between the
NAFLD (-) and NAFLD (+) groups for continuous variables
showing normal distribution, the Mann—Whitney U-test was
used for continuous variables not showing normal distribu-
tion, and the chi-square test was used to compare categorical
variables. A p<0.05 was considered at significant.

Results

The mean age of the 307 consecutive patients included in the
study was 61.58+12.39 years old (min-max: 26-94). NAFLD
was observed in 127 (41.4%) patients. Of the 127 patients in
the NAFLD (+) group, 88 (69%) had grade |, 33 (26%) had
grade 2, and 5 (3%) had Grade 3 hepatosteatosis. Demographic,
drug, and echocardiographic variables of the two groups with
and without NAFLD are shown in Table I. MI, diabetes per-
centage, and metformin and insulin usage rates were statistically
higher in the NAFLD (+) group (p<0.05).

On examination of the pre-procedure blood tests, HDL cho-
lesterol was lower in the NAFLD (+) group, whereas ALT, tri-
glycerides, HbAIC, albumin, and lymphocyte levels were sig-
nificantly higher in this group (p<0.05). A comparison of the
laboratory analysis results of the groups is presented in Table 2.

The rates of CIN (primary goal) and MACCE and syntax scores
(secondary goal) were comparable in both study groups. Com-
parisons of patient angiographic and follow-up data between
the groups are presented in Table 3.

Discussion

Regarding the relationship between NAFLD and CIN and
short-term MACCE in patients with NSTEMI, no statistically
significant difference was observed between subjects with and
without NAFLD in terms of CIN and MACCE. To the best of
our knowledge, this study is the first to explore the probable
relationship between NAFLD and CIN in NSTEMI patients.
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Table |I. Demographic, medication, and echocardiographic variables of NAFLD (-) and (+) groups

Variables NAFLD (-) group NAFLD (+) group P
n=180 n=127
n % n %

Male 128 71.1 80 63 0.183
Age, years, meantSD 62.75+12.72 59.93%11.76 0.05
BMI, kg/m?, meantSD 27.80%4.88 30.57£5.27 <0.005
Diabetes 46 25.6 66 52 <0.005
Hypertension I 61.7 84 66.1 0.422
Active smoking 70 389 53 41.7 0.683
ACE inh 128 71.1 92 72.4 0.799
Beta blocker 161 89.4 Il 87.4 0.579
CCB 35 19.4 6 12.6 0.112
Statin 162 90 115 90.6 0.873
ASA 167 92.8 122 96.1 0.228
Klopidogrel 101 56.1 56 51.2 0.393
Ticagrelor 40 222 37 29.1 0.169
Metformin 26 14.4 36 28.3 0.003
Insulin 12 6.7 23 18.1 0.002
LAVI, median (25%-75%) 28.91 (22.37-40.52) 29.18 (22.22-36.86) 0.544
LVEDVI, median (25%-75%) 61.57 (50.64-77.97) 56.04 (47.05-72.68) 0.106
IVS, mm, median (25%-75") 12 (10.25-13) 12 (11-149) 0.084
LVEF, %, meantSD 48.14+12.65 49.83+12.68 0.250
Mitral E/A ratio, median (25®-75%") 0.94 (0.74-1.34) 0.89 (0.71-1.29) 0.370
Mitral E/€’ ratio, median (25%-75%) 10.26 (8-16.37) I1.16 (8.37-14.5) 0.817
LV MPI, median (25®-75%) 0.51 (0.39-0.63) 0.50 (0.40-0.61) 0.773
RV FAC, meantSD 42.88+7.99 44.27£6.99 0.116
TAPSE, mm, mean£SD 18.81£3.69 18.94+3.49 0.748
RV MPI, meantSD 0.52+0.21 0.49%0.18 0.295
Tricuspid E/€’ ratio, median (25®-75%) 4(3.25-5.37) 4.27 (3.36-5.44) 0.374
PABs, mmHg, mean+SD 33.48£13.76 35.96£15.67 0.438
VCI ClI, %, median (25%-75%) 53.33 (50-58.33) 53.33 (50-57.14) 0.704

NAFLD: Non-alcoholic fatty liver disease; SD: Standard deviation; BMI: Body mass index; ACE inh: Angiotensin-converting enzyme inhibitor; CCB: Calcium channel blocker; ASA: Acetylsalicylic

acid; LAVI: Left atrial volume index; LVEDVI: Left ventricular end-diastolic volime index; IVS: Interventricular septum; LVEF: Left ventricle ejection fraction; LV: Left ventricle; MPI: Myocardial

performance index; RV: Right ventricle; FAC: Fractional area change; TAPSE: Tricuspid annular plane systolic excursion; PABs: Pulmoner artery systolic pressure; VCI: Vena cava inferior;

Cl: Collapsibility index.

Despite higher BMI and diabetes rates, the CIN rates in the
NAFLD (+) group were comparable to those in the NAFLD
(-) group. The rate of NAFLD found in 41.4% of all patients
appears to be higher than that in epidemiological studies ex-
amining the entire population worldwide.>'1 However, it is
lower than the 48.3% rate detected in a study using ultraso-
nography on 113,239 patients who were healthy but applied
to the hospital for check-ups in Turkey between 2007 and
2016, conducted by Degertekin et al.l'®

In 120 acute coronary syndrome patients, the 6-month mor-
tality was higher in subjects with NAFLD, had a lower number
of patients compared to our study, and also included patients
with ST-segment elevation myocardial infarction (STEMI).
During the literature review, we could not encounter any
other study investigating the prognostic relationship between
acute coronary syndrome and NAFLD.

Contrary to previous studies, in our study, no significant dif-
ference was detected between the groups with and without
NAFLD, in terms of CAD severity, assessed using the syntax
scoring in patients with NSTEMI. In a study conducted by Yil-
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maz et al,!'! the rate of Grade 2 NAFLD in the CAD group,
which is approximately twice (48.2%) that in our study (26%),
may explain the difference in such outcomes. In that study, un-
like ours, the severity of CAD was evaluated using the Gensini
score. In another study with a limited number of patients with
acute coronary syndrome (n=80), the syntax score was statisti-
cally higher in the NAFLD (+) group. [NAFLD (+) group: 1818
vs. NAFLD (=) group: 11£5 (p<0.001)]. In that study, nearly half
of the patients had STEMI, which was different from our study
population, and the NAFLD (+) group included only 15 patients.
Inci et al!l'"! reported that in patients with chronic coronary
syndrome, there was a meaningful correlation between mod-
erate and advanced NAFLD and the severity of CAD using the
Gensini score. Again, that was conducted on a limited number
of patients (n=136) in a different study population, which may
explain the differences from the results of our current study.

In a study by Boddi et al.,* in patients with non-diabetic STEMI,
the prevalence of NAFLD was found to be considerably higher.
NAFLD was found in 87% of all patients, which was about twice
the prevalence rates in all epidemiological studies conducted so
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Variable

NAFLD (-) group NAFLD (+) group p
n=180 n=127
Basal kreatinin, mg/dL, median (25*-75%) 0.81 (0.69-0.99) 0.82 (0.68-0.98) 0.565
Second kreatinin, mg/dL, median (25%-75%) 0.96 (0.79-1.19) 0.99 (0.78-1.19) 0.954
Basal CrCI* mL/min, median (25*-75%) 92.15 (73.37-103.45) 93.67 (77.31-104.57) 0.527
Second CrCI*¥ mL/min, median (25%-75%) 81.48 (59.24-97.21) 83.60 (59.15-96.27) 0.884
AST, IU/L, median (25"-75%") 21 (17-30) 25 (18-36) 0.053
ALT, IU/L, median (25%-75%) 17 (12-22) 22 (15-30) <0.005
Total cholesterol, mg/dL, meantSD 190.24£48.60 200.13£50.66 0.086
LDL, mg/dl, meantSD 117.53+41.90 121.06%43.12 0.474
HDL, mg/dL, median(25*-75%) 43.70 (37.97-51.85) 42 (34.2-49.8) 0.027
Triglyceride, mg/dL, meantSD 113 (82-155.75) 152 (110-242) <0.005
HbAIC, %, median (25?-75%) 5.99 (5.49-6.49) 6.39 (5.69-8.28) <0.005
Uric acid, median (25®-75%) 5.5 (4.52-6.50) 5.6 (4.7-7) 0.255
Albumin, g/L, mean+SD 40.99+3.56 42.37£3.59 0.001
Hemoglobin, g/dL, mean+SD 13.70 (12.40-14.70) 13.90 (12.60-15.10) 0.167
Second hemoglobin, g/dL, mean£SD 12.90£1.95 [3.12£1.95 0.066
White blood cell X 103/mL, mean£SD 9.19 (7.29-11.40) 9.6 (8.03-11.49) 0.191
Neutrophils x [0*/mL, mean+SD 5.96 (4.43-7.85) 6.12 (4.93-7.80) 0.291
Lymphocytes x 10°/mL, mean+SD 1.96 (1.64-2.80) 2.49 (1.63-3.11) 0.015
Platelet, X 10°/L, mean*SD 240.50 (198-294.75) 242 (202-295) 0.905
TSH mlIU/L, median (25®-75%) [.11 (0.69-1.84) 1.25 (0.72-1.77) 0.788
Troponin, ng/L, median (25%-75%) 2005.45 (453.40-8499.82) 2069.90 (311.70-9489.60) 0.951
BNP, pg/mL, median (25%-75") 104.80 (35.17-367.70) 88.80 (22.7-248) 0.116
CRP, mg/L, median (25®"-75%) 3.83 (3.19-13.60) 4.44 (3.19-11.30) 0.863
*: Calculated with Modification of Diet in Renal Disease study. NAFLD: Non-alcoholic fatty liver disease; CrCl: Creatinine Clearance; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; SD: Standard deviation; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; HbA|C: Hemoglobin Alc; TSH: Thyroid-stimulating hormone; BNP: Brain
natriuretic peptide; CRP: C-reactive protein.
Table 3. Angiographic variables and follow-up results of NAFLD (-) and (+) groups
Variables NAFLD (-) group NAFLD (+) group p
n % n %

Amount of contrast agent (mL), median (25%-75%) 100 (60—150) 100 (60-200) 0.102
Syntax scores, median (25%—75") 6(2-14) 6 (0-13) 0.257
Decision to medical treatment 65 36.1 40 31.5 NS
PCI counts 85 47.2 66 52 NS
Decision to CABG 30 16.7 21 16.5 NS
CIN 71 394 48 378 0.770
MACCE 13 72 12 9.4 0.482
In-hospital mortality 7 3.9 5 3.9 0.983
One month mortality 7 39 7 55 0.502

NAFLD: Non-alcoholic fatty liver disease; PCI: Percutaneous coronary intervention; CABG: Coronary artery by-pass grafting; CIN: Contrast induced nephropathy; MACCE: Major cardiovascular-

cerebrovascular adverse events; NS: Non-significant.

far, and it was revealed that those with more severe NAFLD in
STEMI patients were younger and had more severe CAD.

In a study conducted by Gholoobi et al.?'l on 296 patients with
chronic coronary syndrome, an independent relationship was
found between the prevalence and severity of NAFLD and
CAD. In that study, the rate of more severe NAFLD in the CAD
group was higher than that in the non-CAD group. The results
may differ from those of our current study since the study was
conducted on a different population.

In almost all of the studies mentioned above, the severity of
CAD has been found to increase with advanced NAFLD de-

grees. Our study may differ from the above studies due to
the high proportion of subjects with grade | NAFLD (69%).
These results suggest that Grades 2 and 3 hepatosteatosis
may be more influential for CRD, CVD, CIN, and MACCE.
Therefore, further research with larger patient numbers, spe-
cifically those with higher Grade 2 and 3 NAFLD, may reveal
any potential relationship between these diseases.

Study Limitations

The present study has some limitations. The biggest limitation
is that patients were diagnosed with NAFLD, not by gold stan-
dard liver biopsy, but solely by ultrasound. In addition, the low
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prevalence of subjects with Grade 2 and 3 NAFLD compared to
those with Grade | NAFLD is another noteworthy limitation.
It would be better for our study if the follow-up periods of the
patients were longer, like |-year instead of |-month. Therefore,
we plan to publish long-term (2 | -year) results in the near future.

Conclusion

In patients with NSTEMI, there seems to be no relationship
between NAFLD, CIN, and short-term MACCE. Furthermore,
NAFLD may not have an impact on the CAD severity in such
patients. Based on these results, NAFLD is not a risk factor
for CIN, short-term mortality, or CAD severity in NSTEMI pa-
tients. Further studies are required to confirm these results.
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