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Background: Carcinoembryonic antigen (CEA) is a commonly used tumor marker in cancer screening. However, it has also been associated with metabolic alterations. Hepatic steatosis, the accumulation of fat in liver cells, is associated with various cardiovascular risk factors. This study investigated the risk of ischemic heart disease (IHD) in individuals with elevated CEA levels, hepatic steatosis, and their co-occurrence.

Methods: The study cohort comprised 5,580 Korean adults who underwent health examinations between November 2006 and June 2010. Data regarding baseline CEA levels, hepatic steatosis status, and development of IHD were collected. Hepatic steatosis was defined as more than two findings: deep attenuation, vascular blurring, and increased liver echogenicity on abdominal ultrasound. Participants were divided into four groups based on their CEA and hepatic steatosis status: no hepatic steatosis and low CEA (group 1), no hepatic steatosis and elevated CEA (group 2), low CEA and hepatic steatosis (group 3), and elevated CEA and hepatic steatosis (group 4).

Results: A total of 226 (4.1%) participants developed IHD during the follow-up period. Participants with elevated CEA levels and hepatic steatosis (group 4) had the highest cumulative incidence of IHD in comparison to other groups (p < 0.001). The combined effect of elevated CEA levels and hepatic steatosis showed significantly greater area under the receiver operating characteristic curve than hepatic steatosis alone (p < 0.001). Furthermore, participants with elevated CEA and hepatic steatosis (group 4) had higher risk of developing IHD compared to those with low CEA and no hepatic steatosis (group 1) (hazard ratio: 1.63, 95% confidence interval: 1.04–2.55, p = 0.034).

Conclusion: Co-occurrence of elevated CEA levels and hepatic steatosis increases the risk of IHD. Comprehensive risk assessment is crucial to guide interventions and improve cardiovascular health in individuals with both the conditions.
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1. Introduction

Carcinoembryonic antigen (CEA) is a commonly used tumor marker in various types of cancer. It serves as a valuable tool for diagnosis, prognosis, and monitoring of treatment responses (1–4). However, recent evidence suggests that CEA levels may have broader implications beyond cancer detection. Several studies have reported associations between elevated CEA levels and diseases other than cancer, including components of metabolic syndrome such as hypertension, diabetes, hyperlipidemia, obesity, and insulin resistance (5, 6). Furthermore, CEA has been associated with atherosclerotic diseases, including carotid artery and coronary heart diseases (7, 8). Elevated CEA levels may reflect the underlying inflammatory process and endothelial dysfunction, thereby contributing to the development and progression of atherosclerosis. Consequently, it is plausible that elevated CEA levels could serve as a potential biomarker for identifying individuals at risk for ischemic heart disease (IHD).

Hepatic steatosis, which is characterized by accumulation of fat in the hepatocytes, has emerged as a significant health concern due to its association with various adverse health outcomes. Hepatic steatosis has been implicated in the pathogenesis of IHD through multiple mechanisms, including endothelial dysfunction, insulin resistance, increased inflammation, and elevated oxidative stress (9). Previous studies have demonstrated that hepatic steatosis independently contributes to adverse cardiovascular outcomes, even after accounting for traditional cardiovascular risk factors (10). Therefore, the risk of developing IHD may increase further if elevated CEA levels and hepatic steatosis are present simultaneously. However, this has not been well-established.

We hypothesized that the concurrent effect of elevated CEA levels and hepatic steatosis could lead to a better prediction of the risk of developing IHD. Therefore, this study aimed to investigate the risk of IHD development in patients with elevated CEA levels, hepatic steatosis, and their co-occurrence.



2. Materials and methods


2.1. Study design and participants

We used the Health Risk Assessment Study and Health Insurance Review and Assessment Service data (HERAS-HIRA dataset) to explore the surrogate indicators for IHD among Korean adults (11, 12). The study cohort comprised 20,530 sequentially enrolled participants who voluntarily visited the Health Promotion Centre, Gangnam Severance Hospital, Yonsei University College of Medicine, for health examination between November 2006 and June 2010. Among the initially assessed participants, we excluded 1,590 (7.7%) individuals with a history of IHD or ischemic stroke, previous diagnosis of type 2 diabetes, or fasting plasma glucose (FPG) level ≥ 126 mg/dL. Participants who met even one of the following criteria were also excluded from the study: younger than 50 years of age, CEA ≥ 10.0 ng/mL, aspartate aminotransferase (AST)/ alanine aminotransferase (ALT) ≥ 2.0, positive for hepatitis B surface antigen or hepatitis C antibody, presence of liver cirrhosis, and current use of aspirin (n = 13,360). After these exclusions, a total of 5,580 participants (2,766 men and 2,814 women) were included in the final analysis (Figure 1).
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FIGURE 1
 Flowchart depicting selection of the study population.




2.2. Data collection

All the participants completed a questionnaire on their lifestyle and medical history. Self-reported cigarette smoking, alcohol consumption, and physical activity data were obtained from the questionnaires. Smoking status was categorized as non-smoker, ex-smoker, or current smoker. Regular alcohol consumption was defined as ≥140 grams of alcohol consumption per week. Participants were enquired about their physical exercise levels, and regular exercise was defined as moderate intensity physical activity ≥ three times per week (13–15). Systolic and diastolic blood pressures were measured on the patient’s right arm using a standard mercury sphygmomanometer with the participant in a sitting position after 10 min of rest (Baumanometer, W.A. Baum Co., Inc., Copiague, NY, USA). All blood samples were obtained from the antecubital vein after overnight fasting for 12 h. Fasting plasma glucose, total cholesterol, triglyceride, high-density lipoprotein cholesterol, and liver enzymes were measured by enzymatic methods using a Hitachi 7,600 automated chemistry analyzer (Hitachi Co., Tokyo, Japan). Serum CEA levels were measured via the chemiluminescence immunoassay (CLIA) method using a Unicel DXI800 analyzer (Beckman-Coulter, Chaska, MN, United States). C-reactive protein concentrations were measured using the Roche/Hitachi 912 System (Roche Diagnostics, Indianapolis, IN, USA) and latex-enhanced immunoturbidimetric method. Hypertension was defined as systolic blood pressure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or current use of anti-hypertensive drugs (16).



2.3. Abdominal ultrasonography

Liver ultrasonography was performed by experienced radiologists who were blinded to the laboratory and clinical data using a 3.5-MHz transducer (HDI 5000, Philips, Bothell, WA, United States). No information was available regarding this study. Patients were diagnosed with fatty liver if more than two of the following three findings were detected: deep attenuation, vascular blurring, and increased liver echogenicity (17).



2.4. Outcomes

The study outcome assessed was IHD, which consisted of angina pectoris (ICD-10 code I20) or acute myocardial infarction (ICD-10 code I21) that developed after initial study enrollment. To define baseline and post-survey outcomes, we linked a personal 13-digit identification number that was assigned to each participant with HIRA data in South Korea between November 2006 and December 2010.



2.5. Statistical analysis

We classified the participants into low and elevated CEA on the basis of 50 percentiles (CEA = 1.6 ng/mL) after excluding high CEA levels (18). The study participants were then divided into four groups: no hepatic steatosis and low CEA (group 1); no hepatic steatosis and elevated CEA levels (group 2); low CEA and hepatic steatosis (group 3); and elevated CEA levels and hepatic steatosis (group 4). The baseline characteristics of the participants in each group were compared using analysis of variance (ANOVA) for continuous variables and Chi-square test for categorical variables. We have used box plots and the Kolmogorov–Smirnov test to evaluate the distribution of the variables. Log transformation and analysis were performed for C-reactive protein that does not exhibit a normal distribution. Age and sex-adjusted survival curves were used to estimate the cumulative incidence of IHD in each group. After setting the first group as the reference group, the hazard ratios (HRs) and 95% confidence intervals (CIs) for IHD were calculated using multivariate Cox proportional hazards regression models after adjusting for potential confounding variables. Pairwise comparisons of receiver operating characteristic (ROC) curves were used to compare the area under the ROC curve (AUC) for IHD incidence based on CEA status and presence of hepatic steatosis. To assess the features of the combined effect, we compared the HR according to the presence of each individual and among all participants. All the analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, United States). All statistical tests were two-sided, and statistical significance was set at p < 0.05.




3. Results


3.1. Baseline characteristics

We have demonstrated the baseline characteristics of the study population (n = 5,580; 2,766 men and 2,814 women) according to serum CEA levels and hepatic steatosis status (Table 1; Figure 2). The mean age and BMI of the study participants were 57.0 ± 6.3 years and 23.7 ± 2.7 kg/m2, respectively. The mean CEA levels were 1.95 ± 1.23 ng/mL for all participants and 1.04 ± 0.31 (min 0.2, max 1.5), 2.72 ± 1.17 (min 1.6, max 9.5), 1.04 ± 0.32 (min 0.2, max 1.5), 2.73 ± 1.22 (min 1.6, max 9.3) ng/ml for the first, second, third, and fourth groups, respectively. The mean values of mean blood pressure, liver enzymes, fasting plasma glucose, triglyceride, and C-reactive protein levels were highest in the group with elevated CEA levels and hepatic steatosis (group 4). The proportion of alcohol consumption habit and hypertension were also the highest in group 4.



TABLE 1 Baseline characteristics of the study population.
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FIGURE 2
 Violin plots with embedded box plots according to CEA and hepatic steatosis. CEA, carcinoembryonic antigen. Black dotted lines indicate the maximum and minimum CEA values of each group.




3.2. IHD incidence and AUC comparison

A total of 226 individuals (4.1%) developed IHD during the follow-up period. Furthermore, group 4 exhibited the highest cumulative incidence of IHD up to 50 months after adjusting for age and sex (p < 0.001) (Figure 3). The incidence rates per 1,000 person-years were 11.2, 16.1, 19.2, and 26.3 in the four groups, respectively. Figure 4 shows that elevated CEA levels and hepatic steatosis are additive features for the development of IHD. Using pairwise comparison of ROC analyses of incident IHD, the AUC of the groups classified according to elevated CEA levels and hepatic steatosis was significantly higher than that of the group classified based on the presence of hepatic steatosis (p < 0.001). The AUC, sensitivity, and specificity of the groups according to elevated CEA with hepatic steatosis were 0.589, 50.0, and 62.0%, respectively (Table 2).

[image: Figure 3]

FIGURE 3
 Cox regression survival curve for incidence of ischemic heart disease.
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FIGURE 4
 Combined effect of carcinoembryonic antigen and hepatic steatosis on incident ischemic heart disease. Age-and sex-adjusted Cox proportional hazards regression model analysis. **p < 0.001.




TABLE 2 Elevated carcinoembryonic antigen with hepatic steatosis versus elevated carcinoembryonic antigen and hepatic steatosis for predicting ischemic heart disease.
[image: Table2]



3.3. Hazard ratios for incident IHD

Table 3 shows the results of multivariate Cox proportional hazards regression analysis for prediction of IHD according to CEA levels and hepatic steatosis. Compared to the referent group with low CEA, the HRs for IHD were 1.31 (95% CI, 0.88–1.94) in group 2, 1.60 (95% CI, 1.03–2.49) in group 3, and 2.06 (95% CI, 1.38–3.07) in group 4, after adjusting for age and sex (Model 1, Table 3; Figure 5). Similarly, positive associations were found after additionally adjusting for body mass index, smoking status, alcohol consumption, regular exercise, mean arterial blood pressure, fasting plasma glucose, high-density lipoprotein cholesterol, and anti-hypertensive medication (Model 3). The corresponding adjusted HR for group 4 versus group 1 was 1.63 (95% CI, 1.04–2.55) (p = 0.034).



TABLE 3 Hazard ratios and 95% confidence intervals for incident ischemic heart disease.
[image: Table3]
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FIGURE 5
 Age-and sex-adjusted hazard ratios (95% confidence intervals) for incident ischemic heart disease according to carcinoembryonic antigen and hepatic steatosis.





4. Discussion

This study aimed to investigate the association between elevated CEA levels and hepatic steatosis, and their combined effects on the risk of IHD. To achieve this, we categorized 5,580 participants into four groups on the basis of their status of elevated CEA, hepatic steatosis, or both, and analyzed the association of each group with the risk of IHD.

Some studies have demonstrated a significant association among CEA levels, hepatic steatosis, and development of cardiovascular disease (7, 8, 10, 19). Patients with acute coronary syndrome showed significantly elevated CEA levels compared to the control groups (8). Also, elevated CEA levels have been associated with carotid atherosclerosis, suggesting its involvement in the development of atherosclerotic diseases (7). However, there was no positive association between CEA and cardiovascular disease, in the 2017–2018 National Health and Nutrition Examination Survey (20). The novelty of this study was to investigate the risk of IHD in patients with elevated CEA levels, hepatic steatosis, and their co-occurrence. During a follow-up period of approximately 4 years, individuals with both elevated CEA levels and hepatic steatosis showed a significantly higher risk of developing IHD in comparison to those belonging to other groups. Furthermore, this association persisted even after adjusting for confounding variables. Moreover, participants with elevated CEA levels and hepatic steatosis displayed a significantly greater AUC than those with hepatic steatosis alone.

The mechanisms underlying the association between serum CEA levels and atherosclerotic disease have been suggested in previous studies (7, 21). Serum CEA levels are linked to metabolic syndrome and insulin resistance, which increase the risk of atherosclerotic vascular disease (22). Moreover, CEA can stimulate the release of proinflammatory cytokines, leading to the expression of adhesion molecules on endothelial cells and potentially facilitating early atherosclerosis (7, 23). Additionally, elevated serum CEA levels have also been observed in chronic inflammatory disorders, which may further increase the risk of cardiovascular diseases (24, 25). Similarly, an association between hepatic steatosis and cardiovascular disease has been suggested. Insulin resistance plays a significant role in the association between hepatic steatosis and cardiovascular disease. Studies have consistently demonstrated a correlation between hepatic steatosis and insulin resistance, with higher levels of hepatic fat being associated with increased insulin resistance (26–28). It has also been proposed that hepatic steatosis may occur as a consequence of primary generalized insulin resistance (29–31). Furthermore, hepatic steatosis is associated with proatherogenic conditions such as metabolic alterations and chronic low-grade inflammation, both of which may contribute to developing IHD (32). A previous study reported a relationship between CEA and hepatic steatosis, indicating that serum CEA levels gradually increase with the severity of hepatic steatosis (33). This study suggests that chronic inflammation, decreased hepatic clearance, and direct secretion from fat stores could serve as mechanisms linking CEA levels to hepatic steatosis. Co-occurrence of elevated CEA levels and hepatic steatosis may augment insulin resistance and metabolic disturbances, leading to an increased risk of IHD. Furthermore, the interaction between elevated CEA levels and hepatic steatosis may synergistically enhance the proinflammatory and endothelial-damaging effects, thereby promoting the development of atherosclerotic plaques and IHD.

This study had a few limitations. First, we did not fully consider the participants’ drug history, including the use of liver pills, statins, and antiplatelet medications other than aspirin and hypertension medication. Second, the baseline atherosclerotic burden was not fully examined. The presence and severity of preexisting atherosclerosis can significantly influence the development and progression of IHD. It is possible that individuals with a higher baseline atherosclerotic burden may be more susceptible to the effects of hepatic steatosis and elevated CEA on the risk of IHD. Therefore, not accounting for baseline atherosclerosis could introduce a confounding factor and limit the comprehensive understanding of the association being studied. Third, hepatic steatosis and CEA levels may vary over time, and their progression or regression may affect the development of IHD. Assessing the changes in hepatic steatosis and CEA levels during the study period could provide valuable information regarding the dynamic nature of these factors and their association with IHD risk. Individuals who experience worsening or persistent hepatic steatosis, as well as those with continuously elevated CEA levels, may have a higher risk of developing IHD in comparison to those with stable or improving conditions. Last, we did not consider some liver inflammatory conditions, such as liver fibrosis or alcohol steatohepatitis, and socioeconomic status because of insufficient alcohol surveys, and those indicators were not measured at the beginning of this study. To minimize the inclusion of alcoholic steatohepatitis, we have excluded those with AST/ALT >2. Further prospective research is warranted to elucidate the cause-and-effect link between CEA, hepatic steatosis, and IHD, considering specific liver conditions and socioeconomic status.

In conclusion, this study suggests that elevated CEA levels and hepatic steatosis, particularly when present together, are associated with an increased risk of IHD. These findings suggest that patients with hepatic steatosis and elevated CEA levels should undergo comprehensive risk assessment for IHD to address modifiable risk factors and implement appropriate interventions for risk reduction and improvement in cardiovascular health.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Institutional Review Board of Yonsei University College of Medicine. The studies were conducted in accordance with the local legislation and institutional requirements. The human samples used in this study were acquired from a by- product of routine care or industry. Written informed consent for participation was not required from the participants or the participants' legal guardians/next of kin in accordance with the national legislation and institutional requirements.



Author contributions

JK: Conceptualization, Formal analysis, Investigation, Methodology, Writing – original draft. YL: Conceptualization, Data curation, Investigation, Methodology, Project administration, Resources, Writing – review & editing. BP: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Supervision, Validation, Writing – review & editing. DJ: Conceptualization, Formal analysis, Investigation, Methodology, Project administration, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Acknowledgments

The authors would like to thank the Health Insurance Review and Assessment Services (HIRA) for their cooperation.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Hall,C, Clarke,L, Pal,A, Buchwald,P, Eglinton,T, Wakeman,C , et al. A review of the role of carcinoembryonic antigen in clinical practice. Ann Coloproctol. (2019) 35:294–305. doi: 10.3393/ac.2019.11.13 

 2. Zhang,Y, Yang,J, Li,H, Wu,Y, Zhang,H, and Chen,W. Tumor markers CA19-9, CA242 and CEA in the diagnosis of pancreatic cancer: a meta-analysis. Int J Clin Exp Med. (2015) 8:11683–91.

 3. Shen,M, Wang,H, Wei,K, Zhang,J, and You,C. Five common tumor biomarkers and CEA for diagnosing early gastric cancer: a protocol for a network meta-analysis of diagnostic test accuracy. Medicine. (2018) 97:e0577. doi: 10.1097/md.0000000000010577 

 4. Choi,MS, Huh,JW, Shin,JK, Park,YA, Cho,YB, Kim,HC , et al. Prognostic factors and treatment of recurrence after local excision of rectal Cancer. Yonsei Med J. (2021) 62:1107–16. doi: 10.3349/ymj.2021.62.12.1107 

 5. Chung,S, Lee,Y, and Roh,EY. HbA1c showed a positive association with carcinoembryonic antigen (CEA) level in only diabetes, not prediabetic or normal individuals. J Clin Lab Anal. (2019) 33:e22900. doi: 10.1002/jcla.22900 

 6. Kim,KN, Joo,NS, Je,SY, Kim,KM, Kim,BT, Park,SB , et al. Carcinoembryonic antigen level can be overestimated in metabolic syndrome. J Korean Med Sci. (2011) 26:759–64. doi: 10.3346/jkms.2011.26.6.759 

 7. Ishizaka,N, Ishizaka,Y, Toda,E, Koike,K, Yamakado,M, and Nagai,R. Are serum carcinoembryonic antigen levels associated with carotid atherosclerosis in Japanese men? Arterioscler Thromb Vasc Biol. (2008) 28:160–5. doi: 10.1161/atvbaha.107.155465 

 8. Vassalle,C, Pratali,L, Ndreu,R, Battaglia,D, and Andreassi,MG. Carcinoembryonic antigen concentrations in patients with acute coronary syndrome. Clin Chem Lab Med. (2010) 48:1339–43. doi: 10.1515/cclm.2010.243 

 9. Stahl,EP, Dhindsa,DS, Lee,SK, Sandesara,PB, Chalasani,NP, and Sperling,LS. Nonalcoholic fatty liver disease and the heart: JACC state-of-the-art review. J Am Coll Cardiol. (2019) 73:948–63. doi: 10.1016/j.jacc.2018.11.050

 10. Meyersohn,NM, Mayrhofer,T, Corey,KE, Bittner,DO, Staziaki,PV, Szilveszter,B , et al. Association of Hepatic Steatosis with Major Adverse Cardiovascular Events, independent of coronary artery disease. Clin Gastroenterol Hepatol. (2021) 19:1480–8.e14. doi: 10.1016/j.cgh.2020.07.030 

 11. Park,B, Jung,DH, Lee,HS, and Lee,YJ. Triglyceride to HDL-cholesterol ratio and the incident risk of ischemic heart disease among Koreans without diabetes: a longitudinal study using National Health Insurance Data. Front Cardiovasc Med. (2021) 8:716698. doi: 10.3389/fcvm.2021.716698 

 12. Lee,YJ, Park,B, Hong,KW, and Jung,DH. Gallbladder polyps increase the risk of Ischaemic heart disease among Korean adults. Front Med (Lausanne). (2021) 8:693245. doi: 10.3389/fmed.2021.693245

 13. Petridou,A, Siopi,A, and Mougios,V. Exercise in the management of obesity. Metabolism. (2019) 92:163–9. doi: 10.1016/j.metabol.2018.10.009

 14. Roerecke,M. Alcohol's impact on the cardiovascular system. Nutrients. (2021) 13:3419. doi: 10.3390/nu13103419 

 15. Shin,MJ, Cho,Y, and Davey,SG. Alcohol consumption, aldehyde dehydrogenase 2 gene polymorphisms, and cardiovascular health in Korea. Yonsei Med J. (2017) 58:689–96. doi: 10.3349/ymj.2017.58.4.689 

 16. Katsimardou,A, Imprialos,K, Stavropoulos,K, Sachinidis,A, Doumas,M, and Athyros,V. Hypertension in metabolic syndrome: novel insights. Curr Hypertens Rev. (2020) 16:12–8. doi: 10.2174/1573402115666190415161813

 17. Leoni,S, Tovoli,F, Napoli,L, Serio,I, Ferri,S, and Bolondi,L. Current guidelines for the management of non-alcoholic fatty liver disease: a systematic review with comparative analysis. World J Gastroenterol. (2018) 24:3361–73. doi: 10.3748/wjg.v24.i30.3361 

 18. Hao,C, Zhang,G, and Zhang,L. Serum CEA levels in 49 different types of cancer and noncancer diseases. Prog Mol Biol Transl Sci. (2019) 162:213–27. doi: 10.1016/bs.pmbts.2018.12.011 

 19. Li,AA, Ahmed,A, and Kim,D. Extrahepatic manifestations of nonalcoholic fatty liver disease. Gut Liver. (2020) 14:168–78. doi: 10.5009/gnl19069 

 20. Ciardullo,S, Cannistraci,R, Mazzetti,S, Mortara,A, and Perseghin,G. Nonalcoholic fatty liver disease, liver fibrosis and cardiovascular disease in the adult US population. Front Endocrinol. (2021) 12:711484. doi: 10.3389/fendo.2021.711484 

 21. No,J-I, Yang,J-Y, Hyun,HJ, Yeon,CS, and Choi,H-J. Factors associated with serum levels of carcinoembryonic antigen in healthy non-smokers. Korean J Fam Med. (2013) 34:413–9. doi: 10.4082/kjfm.2013.34.6.413 

 22. Hasan,M, and Mohieldein,A. Association between serum carcinoembryonic antigen level and oxidative stress parameters among diabetic females. Int J Clin Exp Med. (2015) 8:6489–94.

 23. Aarons,CB, Bajenova,O, Andrews,C, Heydrick,S, Bushell,KN, Reed,KL , et al. Carcinoembryonic antigen-stimulated THP-1 macrophages activate endothelial cells and increase cell-cell adhesion of colorectal cancer cells. Clin Exp Metastasis. (2007) 24:201–9. doi: 10.1007/s10585-007-9069-7 

 24. Booth,SN, King,JP, Leonard,JC, and Dykes,PW. Serum carcinoembryonic antigen in clinical disorders. Gut. (1973) 14:794–9. doi: 10.1136/gut.14.10.794 

 25. Rule,AH, Goleski-Reilly,C, Sachar,DB, Vandevoorde,J, and Janowitz,HD. Circulating carcinoembryonic antigen (CEA): relationship to clinical status of patients with inflammatory bowel disease. Gut. (1973) 14:880–4. doi: 10.1136/gut.14.11.880 

 26. Xu,Z, Hu,W, Wang,B, Xu,T, Wang,J, and Wei,D. Canagliflozin ameliorates nonalcoholic fatty liver disease by regulating lipid metabolism and inhibiting inflammation through induction of autophagy. Yonsei Med J. (2022) 63:619–31. doi: 10.3349/ymj.2022.63.7.619 

 27. Jung,DH, Lee,YJ, and Park,B. Longitudinal effect of hemoglobin concentration with incident ischemic heart disease according to hepatic steatosis status among Koreans. Front Cardiovasc Med. (2021) 8:677040. doi: 10.3389/fcvm.2021.677040 

 28. Kitade,H, Chen,G, Ni,Y, and Ota,T. Nonalcoholic fatty liver disease and insulin resistance: new insights and potential new treatments. Nutrients. (2017) 9:387. doi: 10.3390/nu9040387 

 29. Fraser,A, Ebrahim,S, Smith,GD, and Lawlor,DA. A comparison of associations of alanine aminotransferase and gamma-glutamyltransferase with fasting glucose, fasting insulin, and glycated hemoglobin in women with and without diabetes. Hepatology. (2007) 46:158–65. doi: 10.1002/hep.21667 

 30. Matsuzaka,T, and Shimano,H. Molecular mechanisms involved in hepatic steatosis and insulin resistance. J Diabetes Investig. (2011) 2:170–5. doi: 10.1111/j.2040-1124.2011.00111.x 

 31. Samuel,VT, Liu,ZX, Qu,X, Elder,BD, Bilz,S, Befroy,D , et al. Mechanism of hepatic insulin resistance in non-alcoholic fatty liver disease. J Biol Chem. (2004) 279:32345–53. doi: 10.1074/jbc.M313478200

 32. McKimmie,RL, Daniel,KR, Carr,JJ, Bowden,DW, Freedman,BI, Register,TC , et al. Hepatic steatosis and subclinical cardiovascular disease in a cohort enriched for type 2 diabetes: the diabetes heart study. Am J Gastroenterol. (2008) 103:3029–35. doi: 10.1111/j.1572-0241.2008.02188.x 

 33. Lee,JY, Lee,DC, and Lee,JW. Serum carcinoembryonic antigen is associated with non-alcoholic fatty liver disease in healthy Korean non-smokers. Clin Chem Lab Med. (2013) 51:1499–504. doi: 10.1515/cclm-2012-0585 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Combined effect of serum carcinoembryonic antigen and hepatic steatosis on new-onset ischemic heart disease among middle-aged and older Korean adults: a cohort study



		1. Introduction



		2. Materials and methods



		2.1. Study design and participants



		2.2. Data collection



		2.3. Abdominal ultrasonography



		2.4. Outcomes



		2.5. Statistical analysis









		3. Results



		3.1. Baseline characteristics



		3.2. IHD incidence and AUC comparison



		3.3. Hazard ratios for incident IHD









		4. Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/cover.jpg
, frontiers | Frontiers in Nutrition

Combined effect of serum
carcinoembryonic antigen and
hepatic steatosis on new-onset
ischemic heart disease among
middle-aged and older Korean

adults: a cohort study












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






OPS/images/fnut-10-1275450-g005.jpg
Hazard ratios and 95% CIs

%)

P for trend = 0.002

ennl

Low CEA Elevated CEA Low CEA +hepatic Elevated CEA
steatosis + hepatic steatosis





OPS/images/fnut-10-1275450-t001.jpg
Group 1 Group 2 Group 3 Group 4

Variables Low CEA Elevated CEA  Low CEA + hepatic etz pvalue  Post hoc®
(n=1572) steatosis (n=986) _, CEA*+hepatic
steatosis (n = 1,160)

Age (years) .9+5.7 57668 +5.7 57.746.5 <0001 acdf
Male sex (%) 416 411 69.1 605 <0001 -
Body mass index (kg/m’) 08424 29425 250425 252424 <0001 bede
PERPR— 260158 12392157 s 1952154 <00 ™
SR — 766298 Tr4s0s 99292 sra296 <00 [
[P —— s19s11a moes 9572105 srasia <oom bedet
e gt Loszont 2720107 Losz0n2 e <oom wlt
Fasting plasma glucose (mg/dl) 920491 9214101 9682102 9732107 <0001 bode
Total cholesterol (mg/dl) 19654342 19554328 20384342 20404344 <0001 bede
Triglyceride (mg/d)) 10624521 1134594 15704835 16442962 <0001 bede
HDL chalestrel (mgd) 555128 ssss1s 9101 e <00 et
P —— n2ens n1sss sens 2629 <oom bedes
J—————" 132172 002115 2672150 wosics <oom bt
Log C reactive prten (mgL) “osse107 o9+109 o090 ooss102 <000t beds
Cemensmker 8 o 2o 2 255 <00 .
Alcoholdrinking 09 4 554 n 507 <oom )
Regular exercise (%) B34 51 358 365 <0001 N
Hypertension (%) 262 285 384 430 <0001 -

CEA, carcinoembryonic antigen; HDL, High density-lipoprotein. p values were calculated using one-way ANOVA test or Pearson'schi-square test.
‘Post hoc analysis with Bonferroni method: a, Q1 versus Q2; b, Q1 versus Q3; ¢, Q1 versus Q4 d, Q2 versus Q3; ¢, Q2 versus Q4; and f, Q3 versus Q4.
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Difference 95% ClI pvalue Sensitivity (%) Specificity (%) AUC  p value

Elevated CEA with hepatic steatosis vs. 0.032
elevated CEA

~0.004 10 0.069 0.085

Elevated CEA with hepatic steatosis vs. 0,029
0012100045 <0.001
hepatic steatosis

Elevated CEA vs. hepatic steatosis 0.003 —0.043 10 0.050 0.885
Elevated CEA with hepatic steatosis 500 620 0589 <0.001
Elevated CEA 65.0 463 0557 <0.001

Hepatic steatosis 500 620 0560 <0001

AUC, area under the receiver operating characteristic curve; CEA, carcinoembryonic antigen; THD, ischemic heart disease.
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Low CEA +hepatic  Elevated CEA + hepatic trend
steatosis steatosis

Low CEA Elevated CEA

New cases of ischemic heart

P 39 74 0 7

Mean follow-up, years 22111 25%11 21510 24211

Pearson-years of follow-up 3477 4,587 2085 2775

Incidence rate/ 1000 person-years n2 161 192 263

Model | HR (95% CI) 1.00 (reference) 131 (0.88-1.94) 160 (1.03-2.49) 206 (1.38-3.07) 0.002
Palue - 0179 0.038 <0001

Model 2 HR (95% CI) 1.00 (reference) 126 (0.83-1.91) 139 (0.85-2.26) 178 (1.14-2.79) 0.074
Palue - 0277 0.191 o011

Model 3 HR (95% CI) 1.00 (reference) 128 (0.84-1.94) 124(0.76-2.03) 163 (1.04-2.55) 0.191
Pralue - 0.245 0392 0.034

Model 1: adjusted for age and sex. Model 2 adjusted for age, sex, body mass index, smoking status, alcohol consumption, and regular exercise. Model 3: adjusted for age, sex, body mass index,
smoking status, alcohol consumption, regular exercise, mean arterial blood pressure, fasting plasma glucose, high-density lipoprotein cholesterol, and anti-hypertensive medication.
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Total #=20,530 assessed for eligibility
Men (#=10,855), Women (#=9,675)

Excluded those having a history of ischemic heart disease or
ischemic stroke or who were diagnosed with type 2 diabetes
before, or met the diagnostic criteria for type 2 diabetes
(=1,590)

Participants without a history of
ischemic heart disease or ischemic stroke
or type 2 diabetes

(1=18,940)

Excluded those who met one or more of the following criteria:
less than 50 years old of age; AST/ALT >2; CEA 210;
positive for hepatitis B surface antigen or hepatitis C antibody;
presence of liver cirrhosis; currentuse of aspirin (#=13,360)

Total 5,580 participants were selected in
the baseline study

Men (= 2,766), Women (n=2,814)
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