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Abstract

:

We aimed to compare the gastric cancer screening rates between participants with diabetes and those without diabetes in the Korean population. The data of 4284 participants from the Korea National Health and Nutrition Examination Survey 2019 were used. Cancer-free people aged ≥40 years were included, and cancer screening rates in diabetes and non-diabetes participants were analyzed. Baseline characteristics and screening rates were calculated using weighted frequencies and multivariable regression at a 95% confidence interval in both groups. Screening for gastric cancer was significantly lower (odd ratio [OR]: 0.77, 95% CI: 0.64–0.95) in patients with diabetes than in those without diabetes. The odds of performing the recommended gastric cancer screening were also lower (OR: 0.72, 95% CI: 0.58–0.90) in participants with diabetes than in those without diabetes. After adjusting for socio-demographic factors, the multivariable logistics regression analysis also showed lower odds for gastric cancer screening participation in diabetic patients than in non-diabetes participants. Conclusively, people with diabetes were less likely to have ever had or been recommended screening compared with those without diabetes. Greater efforts need to be made by health specialists to increase the awareness and the need of long-term preventive care including gastric cancer screening in high-risk groups.
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1. Introduction


Globally, gastric cancer has been considered as the fifth most common human malignancy, ranked as the fourth-leading cause of cancer related deaths [1]; however, type 2 diabetes and cancer have contributed to increased mortality rates according to recent studies [2], and despite efforts to curb its occurrence, their existence persists, as they share several risks. Recent studies conducted in China have proven that hypoglycemia has a high probability of developing into gastric cancer, leading to an increase in gastric cancer incidences and the related death toll due to the proliferation of two major genes: caspase3 (CASP3) and tumor protein P53 (TP53) [3]. Nonetheless, the biological ties linking the two are still not well understood [4]. Research conducted involving 215 countries from 2005 to 2020 has reported a worldwide increase in the incidence of diabetes cases, ranging from approximately 10.5% in 2021 to a probable rise of approximately 12.2% in 2045 among people aged 20–79 years if appropriate management is not provided [5]; however, this has been proven to be associated with many risk factors and lifestyle activities, including aging, obesity, physical inactivity, diet, alcohol consumption, and smoking [6]. This value is expected to increase in the coming years; even though the number of diabetes cases decreased in 2002, it still remains the cause of increased mortality in Asian countries [7]. Nayyar and his collaborators in 2007 enumerated in their research that the burden of diabetes should be handled based on several considerations, especially in high-risk groups, including the control of glucose levels using strategies geared towards the modification of lifestyles, diet, and exercise in order to reduce its complications [8].



In the Republic of Korea, cancer has been a life-threatening issue in recent years, likely due to aging and Western lifestyles [9]; the worse possible consequences may be expected if proper preventive measures are not implemented [10]. In 1999, the National Cancer Screening Program (NCSP) was launched by the Korean health authorities to provide free screening services for gastric, breast, and cervical cancers, and the scope and number of participants for screening have increased since 2004 [11].



Although several recent studies have compared cancer screening rates in patients with diabetes, several non-similarities have also been observed [12,13,14]. In addition, only limited studies have been conducted in Korea to examine the disparity in cancer screening among diabetic patients (high-risk group) compared with their non-diabetic counterparts using recent data (2019). Despite the fact that other cancer types, including liver cancer, are more prominent in patients with type 2 diabetes, caused by high fructose concentrations that induce a series of pro-inflammatory fibrinogens and variable cancerous pathways, leading to chronic diseases including liver cancer [15], gastric cancer was chosen for this study because in the Korean population, recent studies have proven that gastric cancer is ranked first, with the highest incidence of cases (about 29,493 in 2019) [16] in both male and female populations, and secondly, gastric cancer has been known to have a poor prognosis, with a 5 year survival rate of less than 20% for those at the advanced stage of cancer infection [17]. Obesity was not left behind, as it is known to be associated with insulin resistance, oxidative stress, inflammation, and hyperinsulinemia, because some patients with diabetes may also be obese [18], and it is most probable that the shared risk factors may partly explain the high risk of gastric cancer in patients with diabetes, added to the fact that diabetic patients use anti-diabetic drugs, including metformin, aspirin, statins, and antibiotics; however, more studies are still needed to consolidate their linkage [19,20,21]. In vitro studies have indicated that hyperglycemia and gastric cancer are correlated, as their increase in glucose levels may affect the development of cancer through β-catenin acetylation with increased Wnt signaling [22]. Nonetheless, Helicobacter pylori infections have been be noted due to increased salt intake, which, to some extent, leads to gastric cancer [23,24]. Whether gastric cancer is directly linked to people with diabetes due to their increase in salt intake as a result of loss of taste remains a topic for further research.



This study primarily aimed to investigate the use of gastric cancer screening services among Koreans with type 2 diabetes and to investigate potential disparities in gastric cancer screening rates with respect to socio-demographic factors using the 2019 Korea National Health and Nutrition Examination Survey (KHNANES) data. The 2019 survey dataset were chosen for this study to appreciate how gastric cancer screening behaviors have been influenced due to coronavirus (COVID-19). This study will contribute to increase the knowledge and promote the importance of cancer screening activities among people with chronic conditions, including diabetes; raise cancer control policy awareness; and determine the various setbacks of cancer screening.




2. Methods


Data for this study were obtained from the KNHANES 2019 survey website (http://knhanes.cdc.go.kr) (accessed on the 6 May 2022). KNHANES 2019 is available using the following link with consent: https://knhanes.kdca.go.kr/knhanes/sub03/sub03_02_05.do (accessed on the 6 May 2022). This is a nationwide survey that has been conducted since 1998 and was initially conducted on a triennial basis. Since 2007, the survey has been conducted annually by the Korean Center for Disease Control and Prevention to evaluate the health and nutritional status of Koreans. These data are nationally represented, including approximately 10,000 individuals collected each year, comprising their socio-economic status, health-related behavior, quality of life, healthcare utilization, anthropometric measures, biochemical and clinical profiles for non-communicable disease, and dietary intake, with the findings of a three-component survey including direct physical examination, clinical laboratory examinations, and personal interviews [25].



Participants with a history of gastric (54), missing information on gastric cancer screening (402), those with fasting blood glucose testing of less than 8 hours (209), missing demographic data and missing data on diabetes diagnosis and treatment (943), and people of ages less than 40 years (2216) were excluded from the study population. Even though in recent studies, young people (aged less 30 years old) are prone to gastric cancer, they have also proven to have a varying prognosis [26]; however, in the Korean population, gastric cancer screening is recommended in people aged 40 years and above following the National Cancer Screening Program (NCSP) guidelines [27]. The diabetic population included people who have been diagnosed with diabetes by a physician and received treatment such as insulin therapy and other medications, those with fasting blood sugar levels of ≥126mg/dl, and those with glycated hemoglobin (HbA1c) levels of ≥6.5% [28]. The non-diabetic population included participants who did not meet the above criteria.



In the Korean population, the recommended gastric cancer screening is available for men and women 40 years old and above, and information about cancer screening, including socio-demographic characteristics, was collected by conducting a questionnaire survey. Information for this study was limited to men and women aged 40 years and above stratified in different age groups: 40–49, 50–59, 60–69, and 70 years and above. Income was analyzed based on the monthly household income: lowest (<1.0 million KRW per month), lower (<1.0–2.5 million KRW per month), higher (2.5–4.0 million KRW per month), and highest (>4.0 million KRW per month) (note: KRW 1300 = US $1). Educational levels were classified as elementary school, middle school, high school, and college or higher. The participants were classified by residential area: cities and districts including multiple “dong” (urban areas), whereas counties include multiple “eup” and “myeon” (rural areas). Medical insurance was divided into the National Health Insurance (NHI) program, which is compulsory for all residents of the Korean territory, and the Medical Aid Program (MAP), implemented by the government to enable minimum living standards for low-income households. The questions that were analyzed included “have you ever undergone gastric cancer screening?” If yes, the participants were asked about their screening method used and the last time they underwent screening. The cancer screening rate was estimated based on the number of screened patients, including those who underwent at least one screening in their lifetime (ever screening) and those who had endoscopy screening once every 2 years or an upper gastrointestinal series requested by a physician (recommended screening), in adults aged 40 to 74 years old according to the NCSP guidelines.



In addition to descriptive statistical analysis, the cancer screening rates according to study variables were stratified according to diabetes status and calculated along with a 95% confidence interval. The baseline characteristics of people with and without diabetes were calculated using weighted frequencies and compared using the chi-squared test. The weighted frequencies and screening rates were calculated as percentages of gastric cancer screening along with the 95% CI using summary statistics and standardized by age, and the screening rates were compared between people with diabetes and those without diabetes. Multivariable logistics regression was performed in this study to assess the screening rates and odds with a 95% CI for receiving gastric cancer screening in participants with diabetes and those without diabetes after adjusting for age, gender, income, education, residential area, and medical insurance. STATA version 12.0 (STATA Corp., College Station, TX, USA) was used to perform all statistical analyses.




3. Results


A total of 8110 participants were considered eligible for the study and those who could not meet the inclusion criteria were excluded. Finally, 4284 participants were included in the final analysis, as seen in Figure 1.



Table 1 shows the socio-demographic factors of the study participants, including age, gender, income, education, residential area, and type of health insurance. This table shows a total of 4284 participants, of which 706 were diabetic and 3518 had no diabetes. This table shows that there is a significant difference between participants with diabetes and those without diabetes. Overall, the rate of participation in gastric cancer screening was significantly higher in men aged ≥70 years, those less educated, and those with lower income levels than in those without diabetes. Individuals who simultaneously satisfied these two conditions (living in an urban area with NHI) with diabetes were less likely to be represented compared with those without diabetes.



Table 2 shows a comparison of the gastric cancer screening rates between people with diabetes and those without diabetes. Many participants had received gastric cancer screening (2966) compared to those who had been recommended gastric cancer screening (1942). There was a confounding effect of age observed, as diabetic participants aged 49–69 years were significantly less likely to have received screening ever and recommended gastric cancer screening compared to other aged groups. The ever screening rate was significantly lower (p < 0.001) in people with diabetes than in those without diabetes; the recommended cancer screening rate was lower (p < 0.009) in participants with diabetes than in those without diabetes. A subgroup analysis was conducted to see who underwent the recommended gastric cancer screening by age groups, gender, income, education, residential area, and the type of health security status; the observed recommended gastric cancer screening rates were lower in women aged 60 and younger, those living in urban areas, those with NHI, and those who satisfy these two conditions: highest income status and more than high school level of education in those with diabetes compared with those without diabetes. Women aged 70 years or younger, those living in urban areas, those with lower income status, those who completed high school or higher level, those who used NHI programs as health security, and those with diabetes showed significantly lower ever screening rates compared with those without diabetes.



Table 3 shows the results of the multivariable logistic regression analysis of the recommended and ever screening gastric cancer screening rates after adjusting for socio-demographic factors, including income levels, gender, age, educational levels, residential area, and health security status. People with diabetes showed significantly lower odds of undergoing the recommended gastric cancer screening (OR = 0.770, p < 0.016) compared with participants without diabetes. Participants with diabetes showed lower ever gastric cancer screening rates compared with those without diabetes (OR = 0.72, p < 0.004). With regards to the other socio-demographic factors, women aged ≥60 years showed a higher recommended cancer screening rate compared to those from other age groups. Participants with highest income levels and a lower than high school level of education also showed higher recommended gastric cancer screening rates compared with those with other income and educational statuses. Women aged ≥60 years showed higher ever gastric cancer screening rates compared with other age groups. Participants with higher income levels, with more than a middle school level of education, and those living in rural areas showed higher ever gastric cancer screening rates compared to those in other subgroups. Participants using the MAP as a means of health security showed lower ever screening rates compared with those using the NHI.



Figure 2 and Figure 3 show a graphical representation of gastric cancer screening trends (recommended and ever screening trends, respectively) with respect to diabetes status and age. In Figure 1, even though there was a steady increase in recommended cancer screening rates as age increases, participants with diabetes showed lower recommended cancer screening rates as compared to participants without diabetes. In Figure 2, even though there was a sharp decrease in ever screening rates in both diabetic and non-diabetic participants aged 60 years and above, there was an overall decrease in screening rates among participants with diabetes compared to those without diabetes.




4. Discussion


This was the first study to use the recent KNHANES 2019 data to evaluate the underuse of gastric cancer screening rates in diabetic and non-diabetic participants in the Korean population. The results of this study reveal that people with diabetes had relatively lower ever and recommended gastric cancer screening rates compared with those without diabetes based on the results of the nationwide health and examination survey, even after launching the NCSP. Similar case control studies have recently shown that the presence of common chronic health problems, including diabetes, is strictly associated with reduced screening rates in the adult population, which agrees with the results of our study. These findings suggest that physicians need to ensure that patients receive all the recommended prevention services based on their age [29,30].



The results among the subgroups differed depending on their corresponding category: the confidence interval (CI) and p-values could not be obtained for all subgroups due to the uneven distribution of participants who were classified as “non- diabetes”. A few diabetic participants were accidentally included in this group, as they were unaware of their condition, and most of them belonged to health-vulnerable groups (older age, low income, and low education level). Participants in these subgroups have less interest in determining their health status, causing the screening rate to be relatively low. By contrast, even if they belong to a vulnerable group, people who are interested in recognizing their own health status understand that they are diabetic, and it is interpreted that people classified in the diabetes group will also have a relatively high screening rate.



Since the prevalence of diabetes has continuously increased worldwide [31] and in Korea, [32] men and women with diabetes will remain at a higher risk of developing various types of cancers, including gastric cancer, with an increase in mortality rate [33]. Therefore, people with diabetes aged ≥40 years should undergo screening for various cancer types.



This study showed that women with diabetes showed reduced ever and recommended gastric cancer screening rates compared with those without diabetes, indicating that women were less vulnerable to screening, which was in agreement with the findings of recent studies conducted in the United States [31].



In Korea, invitation letters are sent to eligible populations for each type of cancer screening. Although those with diabetes have a higher probability of visiting the hospital to undergo glucose tests, their screening rates remained lower. This may be due to physicians focusing on the clinical management of diabetes and its complications and considering long-term management to be less important [13,30,34]. Furthermore, the screening rates for diabetes complications were also reduced [35], and previous studies stipulated that this may be due to increased time constraints perceived during screening [13,14,36]. Other studies have proven that this may be due to physicians being reluctant to provide preventive care to patients with chronic conditions, including diabetes, and preferring to focus on managing complicated cases [37]. However, because the incidence of diabetes has increased in recent years, diabetes should be managed using preventive health strategies, including cancer screening.



This study also showed lower screening rates among participants in their 70s with diabetes than among those without diabetes. This finding was in agreement with that of a recent study [38], suggesting that diabetic patients did not believe in the benefits of undergoing cancer screening for their survival. The level of education also showed discrepancies in gastric cancer screening rates between the study groups. Previous studies on socio-economic levels and educational levels indicated that education is directly related to the awareness on the population on the importance of screening, which may have greatly impacted the early detection rate and, thus, ameliorated the follow-up of cancer and its complications [12,36,39].



In Korea, the existence of the NCSP is thought to influence the cancer screening rates of citizens; however, high-income earners with diabetes still have lower screening rates compared to their non-diabetes counterparts. This finding was not different from the results of a study conducted in Korea on various cancers using the Korean National Cancer Screening Survey, which showed higher cancer screening rates in participants with higher income compared to those with lower income (<US $1500 dollars) per month. However, this study focused on individuals who underwent screening earlier [40] and emphasized that, despite the universal coverage of cancer screening in Korea, some political interference may lead to a reduction in the screening rates among people with lower income; hence, this issue should be carefully considered.



With regards to urbanity, this study showed significantly lower ever and recommended screening rates in participants with diabetes living in urban areas. This situation remains challenging, as Korea provides universal coverage for all citizens; hence, urbanity is not expected to cause any barrier with respect to access to cancer screening facilities. Nonetheless, rural areas have limited access to these services due to inadequate infra-structure and other related rural hindrances to healthcare facilities. Previous studies conducted abroad showed lower cancer screening rates in rural areas compared to urban areas due to socio economic disparity [41,42,43]. However, this could not be compared to the situation in Korea, as it has a NCSP. Participants with Medical Aid Programs as a source of social security showed relatively lower screening rates than those using NHI. This is obvious, as observed, because the NHI has a universal coverage, which offers many health benefits in contrast to MAP and provides health benefits to low-income earners who may have poor health status with limited coverage [44].



Lower gastric cancer screening rates observed in the older age groups may have been influenced by the lead and length time effects; the cause of this may be that this group may not have appreciated the advantages or benefits of cancer screening, as they believe it will not affect their survival outcomes. Research conducted in the Korean population on gastric cancer screening according to stages showed that even though these effects (length and lead time) were thought to increase the survival of the screened population, in reality, this had just helped shorten the diagnosis period, thus extending the period between diagnosis and death without prolonging their life [45].



This study has several limitations. First, we included self-reported data on the diabetes status and the receiver of cancer screenings, which are liable to recall bias. In addition, self-reported data were used without matching with medical records, which may lead to information bias. We were unable to differentiate the various types of diabetes (type 1 and 2) and their duration, which could affect cancer risk differently based on the screening guidelines. Moreover, we did not have enough information to measure the efficacy of diabetes care management programs. Lastly, the diabetes population was small due to a reduced sample size; however, future research will necessitate the combination of different datasets.




5. Conclusions


As people with diabetes continue to be vulnerable, their underuse of preventive care services, including cancer screening, remains a point of concern to public health professionals. This study showed lower gastric cancer screening rates in people with diabetes compared with those without diabetes. These findings were in line with the reports of similar studies, although they used different survey years. Thus, our findings propose that public health practitioners should educate people with chronic diseases, including diabetes, on the importance of undergoing cancer screening and adopting good health practices. Future research should focus on investigating the different cancer types and their relationships to type 2 diabetes, the need for screening per diabetes duration, and the types of medication used.







Author Contributions


Methodology, K.W.C. and Y.L.; formal analysis, Y.L.; data curation, K.W.C.; writing—review and editing, S.H. All authors have read and agreed to the published version of this manuscript as written consent.




Funding


This research received no external funding.




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki, and approved by the KDCA Institutional Review Board (2018-01-03-P-A) in 2018. All participants provided informed consent to participate in the KNHANES and it was ensured that they remained anonymous.




Informed Consent Statement


All participants for this study provided their consent to keep all information related to this research confidential.




Data Availability Statement


Data sharing not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef] [PubMed]

	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; DVM, A.J. Cancer statistics, 2022. CA Cancer J. Clin. 2022, 72, 7–33. [Google Scholar] [CrossRef]

	



Liu, S.; Zhao, Y.; Duan, R.; Wu, Y.; Chen, X.; Li, N. Identification of core genes associated with type 2 diabetes mellitus and gastric cancer by bioinformatics analysis. Ann. Transl. Med. 2022, 10, 247. [Google Scholar] [CrossRef] [PubMed]

	



Giovannucci, E.; Harlan, D.M.; Archer, M.C.; Bergenstal, R.M.; Gapstur, S.M.; Habel, L.A.; Pollak, M.; Regensteiner, J.G.; Yee, D. Diabetes and cancer: A consensus report. Diabetes Care 2010, 33, 1674–1685. [Google Scholar] [CrossRef]

	



Sun, H.; Saeedi, P.; Karuranga, S.; Pinkepank, M.; Ogurtsova, K.; Duncan, B.B.; Stein, C.; Basit, A.; Chan, J.C.N.; Mbanya, J.C.; et al. IDF Diabetes Atlas: Global, regional and country-level diabetes prevalence estimates for 2021 and projections for 2045. Diabetes Res. Clin. Pract. 2022, 183, 109–119. [Google Scholar] [CrossRef] [PubMed]

	



Pandey, A.; Chawla, S.; Guchhait, P. Type-2 diabetes: Current understanding and future perspectives. IUBMB Life 2015, 67, 506–513. [Google Scholar] [CrossRef]

	



Shin, H.-Y.; Lee, J.-Y.; Song, J.; Lee, S.; Lee, J.; Lim, B.; Kim, H.; Huh, S. Cause-of-death statistics in the Republic of Korea, 2014. J. Korean Med. Assoc. 2016, 59, 221–232. [Google Scholar] [CrossRef]

	



Iqbal, N. The burden of type 2 diabetes: Strategies to prevent or delay onset. Vasc. Health Risk Manag. 2007, 3, 511–520. [Google Scholar]

	



Oh, C.M.; Won, Y.J.; Jung, K.W.; Kong, H.J.; Cho, H.; Lee, J.K.; Lee, D.H.; Lee, K.H. Cancer Statistics in Korea: Incidence, Mortality, Survival, and Prevalence in 2013. Cancer Res. Treat. 2016, 48, 436–450. [Google Scholar] [CrossRef]

	



Jung, K.W.; Won, Y.J.; Hong, S.; Kong, H.J.; Im, J.S.; Seo, H.G. Prediction of Cancer Incidence and Mortality in Korea, 2021. Cancer Res. Treat. 2021, 53, 316–322. [Google Scholar] [CrossRef]

	



Suh, M.; Choi, K.S.; Park, B.; Lee, Y.Y.; Jun, J.K.; Lee, D.H.; Kim, Y. Trends in Cancer Screening Rates among Korean Men and Women: Results of the Korean National Cancer Screening Survey, 2004-2013. Cancer Res. Treat. 2016, 48, 1–10. [Google Scholar] [CrossRef]

	



Zhao, G.; Ford, E.S.; Ahluwalia, I.B.; Li, C.; Mokdad, A.H. Prevalence and trends of receipt of cancer screenings among US women with diagnosed diabetes. J. Gen. Intern. Med. 2009, 24, 270–275. [Google Scholar] [CrossRef] [PubMed]

	



Lipscombe, L.L.; Hux, J.E.; Booth, G.L. Reduced screening mammography among women with diabetes. Arch. Intern. Med. 2005, 165, 2090–2095. [Google Scholar] [CrossRef] [PubMed]

	



Jiménez-Garcia, R.; Hernandez-Barrera, V.; Carrasco-Garrido, P.; Gil, A. Prevalence and predictors of breast and cervical cancer screening among Spanish women with diabetes. Diabetes Care 2009, 32, 1470–1472. [Google Scholar] [CrossRef]

	



Muriel, P.; López-Sánchez, P.; Ramos-Tovar, E. Fructose and the Liver. Int. J. Mol. Sci. 2021, 22, 6969. [Google Scholar] [CrossRef] [PubMed]

	



Kang, M.J.; Won, Y.J.; Lee, J.J.; Jung, K.W.; Kim, H.J.; Kong, H.J.; Im, J.S.; Seo, H.G. Cancer Statistics in Korea: Incidence, Mortality, Survival, and Prevalence in 2019. Cancer Res. Treat. 2022, 54, 330–344. [Google Scholar] [CrossRef]

	



Nagini, S. Carcinoma of the stomach: A review of epidemiology, pathogenesis, molecular genetics and chemoprevention. World J. Gastrointest. Oncol. 2012, 4, 156–169. [Google Scholar] [CrossRef]

	



Yang, P.; Zhou, Y.; Chen, B.; Wan, H.W.; Jia, G.Q.; Bai, H.L.; Wu, X.T. Overweight, obesity and gastric cancer risk: Results from a meta-analysis of cohort studies. Eur. J. Cancer 2009, 45, 2867–2873. [Google Scholar] [CrossRef]

	



Tseng, C.H. Obesity paradox: Differential effects on cancer and noncancer mortality in patients with type 2 diabetes mellitus. Atherosclerosis 2013, 226, 186–192. [Google Scholar] [CrossRef]

	



Tseng, C.H. Body composition as a risk factor for coronary artery disease in Chinese type 2 diabetic patients in Taiwan. Circ. J. 2003, 67, 479–484. [Google Scholar] [CrossRef]

	



Arcidiacono, B.; Iiritano, S.; Nocera, A.; Possidente, K.; Nevolo, M.T.; Ventura, V.; Foti, D.; Chiefari, E.; Brunetti, A. Insulin resistance and cancer risk: An overview of the pathogenetic mechanisms. Exp. Diabetes Res. 2012, 2012, 789174. [Google Scholar] [CrossRef] [PubMed]

	



Chocarro-Calvo, A.; García-Martínez, J.M.; Ardila-González, S.; De la Vieja, A.; García-Jiménez, C. Glucose-induced β-catenin acetylation enhances Wnt signaling in cancer. Mol. Cell. 2013, 49, 474–486. [Google Scholar] [CrossRef]

	



Correa, P.; Piazuelo, M.B. Helicobacter pylori Infection and Gastric Adenocarcinoma. US Gastroenterol. Hepatol. Rev. 2011, 7, 59–64. [Google Scholar] [PubMed]

	



Gondivkar, S.M.; Indurkar, A.; Degwekar, S.; Bhowate, R. Evaluation of gustatory function in patients with diabetes mellitus type 2. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 2009, 108, 876–880. [Google Scholar] [CrossRef]

	



Kweon, S.; Kim, Y.; Jang, M.-J.; Kim, Y.; Kim, K.; Choi, S.; Chun, C.; Khang, Y.-H.; Oh, K. Data resource profile: The Korea National Health and Nutrition Examination Survey (KNHANES). Int. J. Epidemiol. 2014, 43, 69–77. [Google Scholar] [CrossRef] [PubMed]

	



López-Basave, H.N.; Morales-Vásquez, F.; Ruiz-Molina, J.M.; Namendys-Silva, S.A.; Vela-Sarmiento, I.; Ruan, J.M.; Rosciano, A.E.; Calderillo-Ruiz, G.; Díaz-Romero, C.; Herrera-Gómez, A.; et al. Gastric cancer in young people under 30 years of age: Worse prognosis, or delay in diagnosis? Cancer Manag. Res. 2013, 5, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Suh, Y.S.; Lee, J.; Woo, H.; Shin, D.; Kong, S.H.; Lee, H.J.; Shin, A.; Yang, H.K. National cancer screening program for gastric cancer in Korea: Nationwide treatment benefit and cost. Cancer 2020, 126, 1929–1939. [Google Scholar] [CrossRef]

	



American Diabetes Association Professional Practice Committee. 2. Classification and Diagnosis of Diabetes. Diabetes Care 1 2014, 38 (Suppl. S1), S8–S16. [Google Scholar] [CrossRef]

	



Fontana, S.A.; Baumann, L.C.; Helberg, C.; Love, R.R. The delivery of preventive services in primary care practices according to chronic disease status. Am. J. Public Health 1997, 87, 1190–1196. [Google Scholar] [CrossRef]

	



McBean, A.M.; Yu, X. The underuse of screening services among elderly women with diabetes. Diabetes Care 2007, 30, 1466–1472. [Google Scholar] [CrossRef]

	



Saeedi, P.; Petersohn, I.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.; Colagiuri, S.; Guariguata, L.; Motala, A.A.; Ogurtsova, K.; et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res. Clin. Pract. 2019, 157, 107843. [Google Scholar] [CrossRef]

	



Ogurtsova, K.; da Rocha Fernandes, J.D.; Huang, Y.; Linnenkamp, U.; Guariguata, L.; Cho, N.H.; Cavan, D.; Shaw, J.E.; Makaroff, L.E. IDF Diabetes Atlas: Global estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res. Clin. Pract. 2017, 128, 40–50. [Google Scholar] [CrossRef] [PubMed]

	



Coughlin, S.S.; Calle, E.E.; Teras, L.R.; Petrelli, J.; Thun, M.J. Diabetes mellitus as a predictor of cancer mortality in a large cohort of US adults. Am. J. Epidemiol. 2004, 159, 1160–1167. [Google Scholar] [CrossRef]

	



Martinez-Huedo, M.A.; Lopez de Andres, A.; Hernandez-Barrera, V.; Carrasco-Garrido, P.; Martinez Hernandez, D.; Jiménez-Garcia, R. Adherence to breast and cervical cancer screening in Spanish women with diabetes: Associated factors and trend between 2006 and 2010. Diabetes Metab. 2012, 38, 14–18. [Google Scholar] [CrossRef]

	



Byun, S.-H.; Ma, S.-H.; Jun, J.K.; Jung, K.-W.; Park, B. Screening for diabetic retinopathy and nephropathy in patients with diabetes: A nationwide survey in Korea. PLoS ONE 2013, 8, e62991. [Google Scholar] [CrossRef]

	



Owens, M.D.; Beckles, G.L.; Ho, K.K.; Gorrell, P.; Brady, J.; Kaftarian, J.S. Women with diagnosed diabetes across the life stages: Underuse of recommended preventive care services. J. Womens Health 2008, 17, 1415–1423. [Google Scholar] [CrossRef] [PubMed]

	



Streja, D.A.; Rabkin, S.W. Factors associated with implementation of preventive care measures in patients with diabetes mellitus. Arch Intern. Med. 1999, 159, 294–302. [Google Scholar] [CrossRef]

	



Bynum, J.P.W.; Braunstein, J.B.; Sharkey, P.; Haddad, K.; Wu, A.W. The influence of health status, age, and race on screening mammography in elderly women. Arch Intern. Med. 2005, 165, 2083–2088. [Google Scholar] [CrossRef] [PubMed]

	



Larizgoitia, I.; Sarfield, B. Reform of primary health care: The case of Spain. Health Policy 1997, 41, 121–137. [Google Scholar] [CrossRef] [PubMed]

	



Hahm, M.I.; Park, E.C.; Choi, K.S.; Lee, H.Y.; Park, J.H.; Park, S. Inequalities in adoption of cancer screening from a diffusion of innovation perspective: Identification of late adopters. Cancer Epidemiol. 2011, 35, 90–96. [Google Scholar] [CrossRef]

	



Antić, L.; Djikanović, B.; Vuković, D.; Kaludjerović, V. Do women in rural areas of Serbia rarely apply preventive measures against cervical cancer? Vojnosanit. Pregl. 2014, 71, 277–284. [Google Scholar] [CrossRef]

	



Nuño, T.; Gerald, J.K.; Harris, R.; Martinez, M.E.; Estrada, A.; García, F. Comparison of breast and cervical cancer screening utilization among rural and urban Hispanic and American Indian women in the Southwestern United States. Cancer Causes Control 2012, 23, 1333–1341. [Google Scholar] [CrossRef] [PubMed]

	



Nguyen-Pham, S.; Leung, J.; McLaughlin, D. Disparities in breast cancer stage at diagnosis in urban and rural adult women: A systematic review and meta-analysis. Ann. Epidemiol. 2014, 24, 228–235. [Google Scholar] [CrossRef]

	



Bahk, J.; Kang, H.-Y.; Khang, Y.-H. Trends in life expectancy among medical aid beneficiaries and National Health Insurance beneficiaries in Korea between 2004 and 2017. BMC Public Health 2019, 19, 1137. [Google Scholar] [CrossRef] [PubMed]

	



Choi, K.S.; Jun, J.K.; Park, B.; Noh, D.K.; Song, S.H.; Jung, K.W.; Lee, H.-Y.; Choi, I.J.; Park, E.-C. Effect of endoscopy screening on stage at gastric cancer diagnosis: Results of the National Cancer Screening Programme in Korea. Br. J. Cancer 2015, 112, 608–612. [Google Scholar] [CrossRef] [PubMed]








[image: Healthcare 11 00927 g001 550] 





Figure 1. Flow chart describing gastric cancer screening sample selection. 
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Figure 2. Recommended gastric cancer screening according to diabetes status and age. 
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Figure 3. Ever gastric cancer screening rate according to diabetes status and age. 
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Table 1. Socio-demographic factors of the study participants.
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	Total (N (%))
	Diabetes

(N (%))
	Without Diabetes

(N (%))
	p-Value





	Age (years)
	4284 (100)
	706 (16.48)
	3578 (83.52)
	



	40–49
	1086 (25.35)
	72 (10.20)
	1014 (28.34)
	



	50–59
	1132 (26.42)
	138 (19.55)
	994 (27.78)
	<0.001



	60–69
	1055 (24.64)
	229 (32.44)
	826 (23.09)
	



	70+
	1011 (23.60)
	267 (37.82)
	744 (20.79)
	



	Gender
	
	
	
	



	Men
	1825 (42.60)
	372 (52.69)
	1453 (40.61)
	



	Women
	2459 (57.40)
	334 (47.31)
	2125 (59.39)
	<0.001



	Income
	
	
	
	



	Lowest
	971 (22.78)
	230 (32.67)
	741 (20.82)
	



	Lower
	1109 (26.01)
	197 (27.98)
	912 (25.63)
	



	Higher
	1034 (24.26)
	139 (19.74)
	895 (25.15)
	<0.001



	Highest
	1149 (26.95)
	138 (19.60)
	1011 (28.41)
	



	Education
	
	
	
	



	Elementary school
	958 (23.62)
	245 (37.12)
	713 (21.00)
	



	Middle school
	508 (12.52)
	109 (16.52)
	399 (11.75)
	<0.001



	High school
	1328 (32.74)
	187 (28.33)
	1141 (33.60)
	



	College and more
	1262 (31.11)
	119 (18.03)
	1143 (33.66)
	



	Residential area
	
	
	
	



	Urban
	3367 (78.59)
	526 (74.50)
	2841 (79.40)
	<0.004



	Rural
	917 (21.41)
	180 (25.50)
	737 (20.60)
	



	Health insurance
	
	
	
	



	NHI
	4097 (95.6)
	656 (92.92)
	3441 (96.20)
	



	MAP
	186 (4.34)
	50 (7.08)
	136 (3.80)
	<0.001







Values are presented as weighted frequencies and percentages (%). NHI, National Health Insurance; MAP, Medical Aid Program.
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Table 2. Ever and recommended gastric cancer screening rates in diabetes and non-diabetes participants.
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Recommended Screening

1942 (45.33%)

	
Ever Screening

2966 (69.23%)




	
Total

	
Diabetes

	
No Diabetes

	
p-Value

	
Diabetes

	
No Diabetes

	
p-Value




	
(95% CI)

	
(95% CI)

	
(95% CI)

	
(95% CI)






	
Total

	
39.4 (35.3–43.6)

	
45.5 (43.6–47.3)

	
<0.009

	
60.5 (56.2–64.6)

	
70.0 (68.2–71.7)

	
<0.001




	
Age (years)

	

	

	

	

	

	




	
40–49

	
32.2 (X)

	
42.5 (X)

	
/

	
63.7 (X)

	
70.8 (X)

	
/




	
50–59

	
35.5 (27.3–44.6)

	
44.2 (40.8–47.7)

	
<0.039

	
56.2 (46.7–65.2)

	
71.2 (67.8–74.3)

	
<0.001




	
60–69

	
42.6 (35.8–49.7)

	
51.6 (47.8–55.5)

	
<0.029

	
64.9 (57.5–71.6)

	
73.8 (70.1–77.1)

	
<0.021




	
70+

	
42.9 (36.4–49.7)

	
46.7 (42.7–50.8)

	
<0.349

	
58.5 (51.5–65.1)

	
60.8 (56.8–64.7)

	
<0.559




	
Gender

	

	

	

	

	

	




	
Men

	
38.5 (33.1–44.36)

	
39.7 (36.9–42.6)

	
<0.707

	
62.7 (56.7–68.2)

	
67.0 (64.2–69.7)

	
<0.178




	
Women

	
40.5 (34.6–46.5.)

	
50.5 (48.2–52.8)

	
<0.002

	
57.6 (51.4–63.7)

	
72.6 (70.4–74.8)

	
<0.001




	
Income

	

	

	

	

	

	




	
Lowest

	
38.0 (31.3–54.2)

	
44.2 (40.2–48.2)

	
<0.144

	
54.2 (46.8–61.5)

	
59.1 (54.8–63.0)

	
<0.262




	
Lower

	
41.2 (33.6–49.2)

	
45.6 (41.8–49.3)

	
<0.333

	
55.7 (47.4–63.7)

	
66.7 (62.9–70.3)

	
<0.013




	
Higher

	
42.2 (33.3–51.5)

	
42.8 (39.3–46.5)

	
<0.887

	
59.3 (49.5–68.3)

	
68.3 (64.6–71.7)

	
<0.071




	
Highest

	
36.6 (27.9–46.3)

	
48.5 (45.1–52.0)

	
<0.022

	
74.1 (65.0–81.4)

	
80.6 (77.6–83.2)

	
<0.115




	
Education

	

	

	

	

	

	




	
Elementary school

	
42.5 (35.8–49.5)

	
49.3 (45.1–53.5)

	
<0.102

	
59.3 (52.1–65.9)

	
66.4 (62.2–70.3)

	
<0.076




	
Middle school

	
48.6 (33.5–55.2)

	
53.9 (41.3–62.5)

	
<0.081

	
69.5 (55.2–75.1)

	
75.1 (65.8–81.5)

	
<0.621




	
High School

	
40.8 (33.1–49.1)

	
48.9 (45.7–52.1)

	
<0.054

	
61.9 (53.2–69.8)

	
73.5 (70.5–76.4)

	
<0.006




	
College and more

	
38.7 (25.7–46.7)

	
44.4 (32.5–67.8)

	
<0.004

	
73.5 (60.1–80.2)

	
76.3 (57.0–87.4)

	
<0.004




	
Residential area

	

	

	

	

	

	




	
Urban

	
39.2 (34.5–44.1)

	
45.6 (43.5–47.6)

	
<0.018

	
58.5 (53.5–63.3)

	
70.2 (68.2–72.1)

	
<0.001




	
Rural

	
39.9 (32.2–48.2)

	
45.1 (41.0–49.1)

	
<0.278

	
67.6 (59.1–75.2)

	
69.1 (65.1–72.8)

	
<0.751




	
Health Insurance

	

	

	

	

	

	




	
NHI

	
39.5 (35.3–43.5)

	
45.7 (43.8–47.6)

	
<0.009

	
61.8 (57.3–66.1)

	
70.9 (69.1–72.6)

	
<0.001




	
MAP

	
37.6(X)

	
36.9(X)

	
/

	
38.9(X)

	
43.7(X)

	
/
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Table 3. Multivariable logistic regression analysis of the diabetes status and socio-demographic factors.
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Recommended Screening

	
Ever Screening




	
OR (95%CI)

	
p-Value

	
OR (95%CI)

	
p-Value






	
Diabetes

	

	

	

	




	
No

	
Ref

	

	
Ref

	




	
Yes

	
0.77 (0.64–0.95)

	
<0.016

	
0.72 (0.58–0.90)

	
<0.004




	
Age (years)

	

	

	

	




	
40–49

	
Ref

	

	
Ref

	




	
50–59

	
1.04 (0.85–1.27)

	
<0.681

	
0.97 (0.77–1.23)

	
<0.857




	
60–69

	
1.48 (1.18–1.87)

	
<0.001

	
1.49 (1.13–1.96)

	
<0.005




	
70+

	
1.62 (1.24–2.09)

	
<0.001

	
1.35 (1.00–1.81)

	
<0.048




	
Gender

	

	

	

	




	
Men

	
Ref

	

	
Ref

	




	
Women

	
1.48 (1.27–1.72)

	
<0.001

	
1.33 (1.12–1.58)

	
<0.001




	
Income

	

	

	

	




	
Lowest

	
Ref

	

	
Ref

	




	
Lower

	
1.15 (0.92–1.45)

	
<0.209

	
1.19 (0.94–1.53)

	
<0.153




	
Higher

	
1.11 (0.87–1.42)

	
<0.387

	
1.32 (1.02–1.73)

	
<0.038




	
Highest

	
1.33 (1.04–1.71)

	
<0.026

	
2.46 (1.83–3.31)

	
<0.001




	
Education

	

	

	

	




	
Elementary school

	
Ref

	

	
Ref

	




	
Middle school

	
1.43 (1.09–1.86)

	
<0.008

	
1.56 (1.16–2.10)

	
<0.003




	
High School

	
1.27 (1.01–1.61)

	
<0.045

	
1.39 (1.07–1.81)

	
<0.013




	
College and more

	
1.13 (0.87–1.48)

	
<0.341

	
1.57 (1.17–2.12)

	
<0.003




	
Residential area

	

	

	

	




	
Urban

	
Ref

	

	
Ref

	




	
Rural

	
1.01 (0.58–1.29)

	
<0.879

	
1.24 (1.01–1.53)

	
<0.042




	
Health Insurance

	

	

	

	




	
NHI

	
Ref

	

	
Ref

	




	
MAP

	
0.86 (0.58–1.21)

	
<0.487

	
0.50 (0.35–0.76)

	
<0.001








Ref, reference; CI, confidence interval; NHI, National Health Insurance; MAP, Medical Aid Program; OR, odds ratio.
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