

[image: image]





FRONTIERS EBOOK COPYRIGHT STATEMENT

The copyright in the text of individual articles in this ebook is the property of their respective authors or their respective institutions or funders. The copyright in graphics and images within each article may be subject to copyright of other parties. In both cases this is subject to a license granted to Frontiers. 

The compilation of articles constituting this ebook is the property of Frontiers. 

Each article within this ebook, and the ebook itself, are published under the most recent version of the Creative Commons CC-BY licence. The version current at the date of publication of this ebook is CC-BY 4.0. If the CC-BY licence is updated, the licence granted by Frontiers is automatically updated to the new version. 

When exercising any right under the CC-BY licence, Frontiers must be attributed as the original publisher of the article or ebook, as applicable. 

Authors have the responsibility of ensuring that any graphics or other materials which are the property of others may be included in the CC-BY licence, but this should be checked before relying on the CC-BY licence to reproduce those materials. Any copyright notices relating to those materials must be complied with. 

Copyright and source acknowledgement notices may not be removed and must be displayed in any copy, derivative work or partial copy which includes the elements in question. 

All copyright, and all rights therein, are protected by national and international copyright laws. The above represents a summary only. For further information please read Frontiers’ Conditions for Website Use and Copyright Statement, and the applicable CC-BY licence.



ISSN 1664-8714
ISBN 978-2-8325-3345-1
DOI 10.3389/978-2-8325-3345-1

About Frontiers

Frontiers is more than just an open access publisher of scholarly articles: it is a pioneering approach to the world of academia, radically improving the way scholarly research is managed. The grand vision of Frontiers is a world where all people have an equal opportunity to seek, share and generate knowledge. Frontiers provides immediate and permanent online open access to all its publications, but this alone is not enough to realize our grand goals.

Frontiers journal series

The Frontiers journal series is a multi-tier and interdisciplinary set of open-access, online journals, promising a paradigm shift from the current review, selection and dissemination processes in academic publishing. All Frontiers journals are driven by researchers for researchers; therefore, they constitute a service to the scholarly community. At the same time, the Frontiers journal series operates on a revolutionary invention, the tiered publishing system, initially addressing specific communities of scholars, and gradually climbing up to broader public understanding, thus serving the interests of the lay society, too.

Dedication to quality

Each Frontiers article is a landmark of the highest quality, thanks to genuinely collaborative interactions between authors and review editors, who include some of the world’s best academicians. Research must be certified by peers before entering a stream of knowledge that may eventually reach the public - and shape society; therefore, Frontiers only applies the most rigorous and unbiased reviews. Frontiers revolutionizes research publishing by freely delivering the most outstanding research, evaluated with no bias from both the academic and social point of view. By applying the most advanced information technologies, Frontiers is catapulting scholarly publishing into a new generation.

What are Frontiers Research Topics? 

Frontiers Research Topics are very popular trademarks of the Frontiers journals series: they are collections of at least ten articles, all centered on a particular subject. With their unique mix of varied contributions from Original Research to Review Articles, Frontiers Research Topics unify the most influential researchers, the latest key findings and historical advances in a hot research area.


Find out more on how to host your own Frontiers Research Topic or contribute to one as an author by contacting the Frontiers editorial office: frontiersin.org/about/contact





Influence of lifestyle factors in the management of diabetes mellitus

Topic editors

Gaetano Santulli – Albert Einstein College of Medicine, United States

Celestino Sardu – University of Campania Luigi Vanvitelli, Italy

Nunzia D’Onofrio – University of Campania Luigi Vanvitelli, Italy

Citation

Santulli, G., Sardu, C., D’Onofrio, N., eds. (2023). Influence of lifestyle factors in the management of diabetes mellitus. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-3345-1





Table of Contents




Editorial: Influence of lifestyle factors in the management of diabetes mellitus

Celestino Sardu, Gaetano Santulli and Nunzia D’ Onofrio

Prevalence and potential risk factors of self-reported diabetes among elderly people in China: A national cross-sectional study of 224,142 adults

Xing Hu, Lingbing Meng, Zhimin Wei, Hongxuan Xu, Jianyi Li, Yingying Li, Na Jia, Hui Li, Xin Qi, Xuezhai Zeng, Qiuxia Zhang, Juan Li and Deping Liu

The effect of low volume high-intensity interval training on metabolic and cardiorespiratory outcomes in patients with type 2 diabetes mellitus: A systematic review and meta-analysis

Yang Peng, Yiran Ou, Ke Wang, Zhenghao Wang and Xiaofeng Zheng

Sex difference in the associations among obesity-related indices with incidence of diabetes mellitus in a large Taiwanese population follow-up study

Tung-Ling Chung, Yi-Hsueh Liu, Pei-Yu Wu, Jiun-Chi Huang and Szu-Chia Chen

Sociodemographic and behavioural risk factors associated with low awareness of diabetes mellitus medication in Indonesia: Findings from the Indonesian Family Life Survey (IFLS-5)

Qisty A. Khoiry, Sofa D. Alfian and Rizky Abdulah

Perceptions and responses to cognitive decline in people with diabetes: A systematic review of qualitative studies

Meijuan Wang, Xiangyun Guan, Jingzheng Yan, Nyagwaswa Michael, Xueyan Liu, Ran Tan, Xiaoyan Lv, Fei Yan and Yingjuan Cao

Lifestyle intervention reduces risk score for cardiovascular mortality in company employees with pre-diabetes or diabetes mellitus – A secondary analysis of the PreFord randomized controlled trial with 3 years of follow-up

Christian Brinkmann, Hannah Hof, Detlef-Bernd Gysan, Christian Albus, Stefanie Millentrup, Birna Bjarnason-Wehrens, Joachim Latsch, Gerd Herold, Karl Wegscheider, Christian Heming, Melchior Seyfarth and Hans-Georg Predel

Influence of state of health and personality factors of resilience and coping in healthy subjects and those with diabetes

Cristina Rivera-Picón, María Hinojal Benavente-Cuesta, María Paz Quevedo-Aguado, Raúl Juárez-Vela, Jesús Martinez-Tofe, Juan Luis Sánchez-González and Pedro Manuel Rodríguez-Muñoz

Feeding-induced hepatokines and crosstalk with multi-organ: A novel therapeutic target for Type 2 diabetes

Rong-Bin Chen, Qi-Yu Wang, Yuan-Yuan Wang, Ya-Di Wang, Jiang-Hua Liu, Zhe-Zhen Liao and Xin-Hua Xiao

Laughter yoga as an enjoyable therapeutic approach for glycemic control in individuals with type 2 diabetes: A randomized controlled trial

Mayumi Hirosaki, Tetsuya Ohira, Yawei Wu, Eri Eguchi, Kokoro Shirai, Hironori Imano, Narumi Funakubo, Hitoshi Nishizawa, Naoto Katakami, Iichiro Shimomura and Hiroyasu Iso

Missed meal boluses and poorer glycemic control impact on neurocognitive function may be associated with white matter integrity in adolescents with type 1 diabetes

Edna Litmanovitch, Ronny Geva, Avital Leshem, Mirit Lezinger, Eli Heyman, Maor Gidron, Jessica Yarmolovsky, Efrat Sasson, Sigal Tal and Marianna Rachmiel

Investigation of treatment satisfaction and health-related quality of life after add-on to metformin-based therapy in patients with type 2 diabetes

Yu-Wen Chang, Feng-Chin Shen and Chung-Yu Chen

Gender-specific effects of oxidative balance score on the prevalence of diabetes in the US population from NHANES

Cuiling Wu, Chenxia Ren, Yingda Song, Huifang Gao, Xin Pang and Lianyun Zhang

Cyclocarya paliurus leaves extracts alleviate metabolic phenotypes in Chinese T2DM patients by modulating gut microbiota and metabolites: a clinical randomized controlled trial

Xiaojuan Peng, Sisi Chen, Lu Zhong, Yuting Li, Chutian Wu, Lixian Zhong, Weiwei Chen, Jinying Yang, Jiahua Zeng and Shaohui Tang

Clonal hematopoiesis as a novel risk factor for type 2 diabetes mellitus in patients with hypercholesterolemia

Min Joo Kim, Han Song, Youngil Koh, Heesun Lee, Hyo Eun Park, Sung Hee Choi, Ji Won Yoon and Su-Yeon Choi





EDITORIAL

published: 10 August 2023

doi: 10.3389/fendo.2023.1258766

[image: image2]


Editorial: Influence of lifestyle factors in the management of diabetes mellitus


Celestino Sardu 1*
, Gaetano Santulli 2,3
 and Nunzia D’ Onofrio 4



1 Department of Advanced Medical and Surgical Sciences, University of Campania, “Luigi Vanvitelli”, Naples, Italy, 2 Department of Medicine, Fleischer Institute for Diabetes and Metabolism (FIDAM), Einstein-Mount Sinai Diabetes Research Center (ES-DRC), Albert Einstein College of Medicine, New York, NY, United States, 3 Department of Advanced Biomedical Science, “Federico II” University, Naples, Italy, 4 Department of Biochemistry, Biophysics and General Pathology, School of Medicine and Surgery, University of Campania, Naples, Italy




Edited and Reviewed by:
 Åke Sjöholm, Gävle Hospital, Sweden

*Correspondence: 

Celestino Sardu
 drsarducele@gmail.com


Received: 14 July 2023

Accepted: 18 July 2023

Published: 10 August 2023

Citation:
Sardu C, Santulli G and D’ Onofrio N (2023) Editorial: Influence of lifestyle factors in the management of diabetes mellitus. Front. Endocrinol. 14:1258766. doi: 10.3389/fendo.2023.1258766



Keywords: diabetes mellitus, inflammation, oxidative stress, drug therapy, lifestyle


Editorial on the Research Topic 


Influence of lifestyle factors in the management of diabetes mellitus


Diabetes mellitus (DM) is a multi-factorial metabolic disease that affects approximately 462 million individuals, corresponding to 6.28% of the world’s population (4.4% of those aged 15–49 years, 15% of those aged 50–69, and 22% of those aged 70+), with a prevalence rate of 6,059 cases per 100,000 (1). DM accounts for over 1 million deaths per year, making it the ninth leading cause of mortality (1). The DM burden is rising globally and at a much faster rate in developed regions, such as Western Europe, with equal gender distribution, and the incidence peaks at approximately 55 years of age (1).

In this scenario, we expect a global prevalence of DM of approximately 7,079 individuals per 100,000 by 2030 (1). To date, the rising burden of DM is a major concern in healthcare worldwide, and there is a need for urgent public health and clinical preventive measures (1). In non-Western countries, in a cohort of 215,041 elderly adults living in China (102,692 men and 112,349 women), authors reported a prevalence of self-reported diabetes of approximately 8.7%, with the highest prevalence in Beijing (20.8%) and the lowest prevalence in Xizang (0.9%), (Hu et al.). Notably, urban areas, older age, female, higher income, poor sleep quality, and some other factors were potential risk factors for diabetes (Hu et al.). Conversely, sociodemographic and behavioral factors could be linked to the low awareness of DM medication (Khoiry et al.). Indeed, irregular blood glucose monitoring without any comorbidity, never having any general medical checkup, 26–35 years of age, 36–45 years of age, and having no health insurance coverage were significantly associated with low awareness of diabetes medication (Khoiry et al.).

Notably, the complexity of oral anti-diabetic drug (OAD) regimens could affect the quality of life (QOL) and treatment satisfaction (Chang et al.). Indeed, a study conducted in Taiwan showed a significantly greater effect on QOL among patients with fewer OAD classes and higher treatment satisfaction (Chang et al.). Parallelly, new anti-DM treatments could effectively ameliorate the glucose and blood lipid metabolism via effects on the intestinal flora in type 2 DM (T2DM) patients (Peng, X. et al.). In this context, the Cyclocarya paliurus leaves’ extracts (CP) display a more beneficial effect in the alleviation of T2DM-associated metabolic phenotypes than glipizide by regulating gut microbiota and metabolites in T2DM patients, with no significant effects on liver and kidney function (Peng, X. et al.). The liver activity could itself play a relevant role in the metabolic abnormalities of DM by controlling lipid and glucose homeostasis and feeding metabolites (Chen et al.). Indeed, authors observed that feeding could induce the release of hepatokines, which regulates glucose and lipid metabolism, and these feeding-induced hepatokines act on multiple organs to regulate glucolipotoxicity and thus influence the development of T2DM (Chen et al.).

Regarding the negative role played by lipid metabolism in DM patients, authors found that clonal hematopoiesis could be evaluated as a novel risk factor for T2DM patients with hypercholesterolemia (Kim et al.). Indeed, the clonal hematopoiesis of indeterminate potential (CHIP) is associated with atherosclerosis, cardiovascular disease (CVD), and new-onset T2DM (Kim et al.). Notably, the subjects with CHIP and hyper-LDL-cholesterolemia had approximately twice the risk of diabetes than subjects without CHIP and with low LDL cholesterol (Kim et al.). Thus, there could be a synergism between CHIP and high LDL cholesterol as a high-risk factor for diabetes (Kim et al.).

In this context, it is well known that DM causes an increase in inflammatory and oxidative stress, negatively affecting glucose homeostasis and insulin resistance and worsening clinical outcomes (2, 3). Indeed, over-inflammation/oxidative stress is a leading cause of atherosclerosis, atherosclerotic plaque fissuration, and CVDs in DM patients (2, 3), such as in the overall population (4, 5) and in gender-specific cohorts of patients (Wu et al.). Moreover, abnormalities of oxidative balance score (OBS) and high OBS are negatively associated with diabetes risk in a gender-dependent manner (Wu et al.).

Conversely, personality factors and health status influence resilience, and coping strategies could influence diabetic subjects (Rivera-Picón et al.). Indeed, concerning health status, the absence of pathology is related to using rational strategies more than to diagnosing diabetes (Rivera-Picón et al.). In the clinical setting, although diabetes care is improving, there are still cases that are poorly managed with adverse clinical outcomes (2–4). Indeed, DM is a leading cause of CVDs, and hospitalizations and deaths in developed countries (5). Conversely, DM could negatively affect other clinical conditions, such as cognitive decline (Wang et al.). Indeed, people with DM described misconceptions about their cognitive decline and suffered from them during disease management (Wang et al.). Intriguingly, authors found that poor glycemic control could impair the brain networks responsible for learning, memory, and controlled reactivity to food in adolescents with type 1 diabetes whose glycemic control is poor (Litmanovitch et al.). Thus, we need to support disease management with cognitive decline in clinical practice (Wang et al.), and improve glycemic control to ameliorate brain functions (Litmanovitch et al.).

However, from here, we could say that the DM prevention necessitates an integrated and holistic strategy to ameliorate glycemic control based on the condition’s cause. Indeed, inadequate glycemic management impacts the usage of healthcare resources, medical expenses, and death rates dramatically. Furthermore, in the current topic, we focused, on one side, on the prevention of DM (lifestyle modification) and its complications (best glycemic control and anti-diabetic medications) and, on the other side, on the early treatment of CVDs linked to DM (drug and interventional treatments). As an example, regarding lifestyle modification, we could promote weight loss and physical activity (Brinkmann et al.). Indeed, obesity is a major risk factor for DM, which is, in turn, a significant risk factor for CVDs such as coronary artery disease and stroke (Chung et al.). Thus, in a study population of 24,346 participants, of whom 8,334 (mean age, 50.6 ± 11.0 years) were male and 16,012 (mean age, 50.5 ± 10.1 years) were female, authors found strong associations between the studied obesity-related indices and incidence of DM, and sex differences (Chung et al.). Hence, to better control DM, reducing body weight may be beneficial in addition to lifestyle modifications, diet control, and pharmacological interventions (Chung et al.).

Conversely, after a certain period of low-volume high-intensity interval training (LVHIIT), glycemic control, insulin resistance, body weight, lipid profile, and cardiorespiratory outcomes were significantly improved in T2DM patients (Peng, Y. et al.). This concept has been applied also to a cohort of 4,196 German company employees and divided into three risk groups based on their European Society of Cardiology–Systematic Coronary Risk Evaluation score (ESC-SCORE), (Brinkmann et al.). In these subjects, authors found that the ESC-SCORE changes from baseline differed significantly between the groups, with the intervention group achieving more favorable results in all follow-up visits 6, 12, 24, and 36 months later (at each time point: ITT: p < 0.001; PP: p ≤ 0.010) (Brinkmann et al.). Thus, they found the feasibility of attracting employees with pre-DM/DM at high cardiovascular (CVD) mortality risk to participate in a multimodal lifestyle program following a free CVD mortality risk screening at their workplace (Brinkmann et al.). The lifestyle intervention used in the PreFord study shows high potential for improving the health of company employees with pre-DM/DM in the long term (Brinkmann et al.). In the lifestyle intervention, we could report the laughter yoga and its effects on glycemic control among individuals with T2DM (Hirosaki et al.). The proposed study intervention consisted of a 12-week laughter yoga program that resulted in (in the laughter yoga group) a significant improvement in HbA1c levels and an increase in sleep duration (Hirosaki et al.). However, having fun could be a self-care intervention to ameliorate DM status (Hirosaki et al.).

According to the published articles on the current Research Topic, we could report that lifestyle factors could negatively influence and condition the management and clinical outcomes of DM. The more robust control of lifestyle factors could, on one side, result in the amelioration of glucose homeostasis and insulin resistance in DM patients. This could be seen as a glucose-dependent effect. On the other side, stronger control of lifestyle factors could reduce inflammatory/oxidative stress in DM patients (Wu et al.). This could be evidenced by the glucose-independent effect of lifestyle factor control. Finally, the control of lifestyle factors could reduce CVD disease and mortality via glucose-dependent and -independent effects. Furthermore, we might promote the control of lifestyle factors as a relevant therapeutic strategy for managing and treating patients living with DM.
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Aim: To evaluated the prevalence and potential risk factors of self-reported diabetes among the elderly in China, by demographic data, socioeconomic factors, and psychological factors.

Methods: Descriptive analysis and Chi-square analysis were used to assess the prevalence and variation between self-reported diabetes and non-diabetes by demographic data, living habits, socioeconomic factors and comorbidities. Univariate and multivariate logistic regression were used to describe the odds ratios (OR) of diabetes prevalence in different groups, while stratification analysis was performed to describe prevalence based on gender, age, and urban/rural areas.

Results: 215,041 elderly adults (102,692 males and 112,349 females) were eventually included in the analysis. The prevalence of self-reported diabetes among the elderly in China is about 8.7%, with the highest prevalence in Beijing (20.8%) and the lowest prevalence in Xizang (0.9%). Logistic regression analysis showed that urban area (P < 0.001), older age (65–84 years old, P < 0.001), female (P < 0.001), higher income(P < 0.001), poor sleep quality (P = 0.01) and some other factors were potential risk factors for diabetes.

Conclusions: This study illustrates the prevalence and potential risk factors of diabetes among the elderly in China Meanwhile, these results provide information to assist the government in controlling non-communicable diseases in the elderly.

KEYWORDS
 prevalence, self-reported, diabetes, elderly, national cross-sectional study


Introduction

A growing aging population in China is one of the key challenges facing public healthcare in the country. In fact, China has already become an aging society. In 2019, there were 164.5 million citizens aged 65 or older, including 26 million aged 80 years or more (1). It is predicted that the total population will reach 1.40–1.44 billion by 2030 and 1.29–1.40 billion by 2050 according to a study by the Chinese Center for Disease Control (CDC). The proportion of elderly individuals aged 65 years or more was continuously increasing, from 6.96% in 2000 to 8.87% in 2010, and 13.50% in 2020; this age group will comprise 20% of the total population by 2033 and 30% by 2050 from the Fifth Population Census to the Seventh Population Census (2).

Meanwhile, age-related diseases such as diabetes and complications will impose a significant burden on family and public healthcare systems (3). In 2019, it was estimated that 19.3% of people aged 65–99 years (135.6 million, 95% confidence interval (CI): 107.6–170.6 million) live with diabetes globally. Over the next two decades, the number of people with diabetes will grow from 195.2 million to 276.2 million worldwide (4). In 2015, diabetes cost US$ 1.31 trillion (95% CI 1.28–1.36), or 1.8% (95% CI 1.8–1.9) of the global economy (5). China has experienced a dramatic increase in diabetes prevalence, (6), from 2.5% in 1994 to 9.7% in 2008, and to 11.6% in 2010 (7–9). As of 2019, there are 116.4 million adults in China with diabetes, representing approximately 12.8% of its adult population (10, 11). Approximately USD 165 billion will be spent on diabetes-related health care in 2021, USD 185 billion in 2035, and USD 193 billion in 2045 (11).

The biopsychosocial model was proposed by Engel (12). Cultural, social, and psychological factors are linked with people's health (12). It is known that living conditions and lifestyle are important variables influencing the onset and progress of diabetes. However, previous studies about the prevalence of diabetes had several limitations. First, Most of these studies are regional studies carried out in east China, North China or South China (13–16). Second, the prevalence of diabetes in the general population has been studied more than in the elderly (17). Thirdly, most of the studies have only focused on the biological model of patients (18, 19). And there is little detailed information about socioeconomic factors and psychological factors. For governmental precision medical policies, it is extremely important to find out the comprehensive situation of diabetes patients.

In recent studies, some socioeconomic, lifestyle, and metabolic factors have been identified as risk factors for diabetes (20–22). From an another perspective, this study comprehensively evaluated the prevalence of diabetes among elderly Chinese patients by biomedical factors (age, gender, smoking, alcohol consumption, sleep quality, exercise, comorbidities) and social-psychological factors (education level, marital status, living alone, medical insurance, gainful employment, economic status, and spiritual and cultural life) to find out the awareness and potential risk factors among elderly diabetes patients.



Methods


Study design and participants

Government-affiliated China Research Center on Aging is one of China's leading aging research institutions. China Research Centre on Aging initiated the Sample Survey of the Aged Population in Urban and Rural China (SSAPUR) project in 2000. During the survey, the socioeconomic and health characteristics of elderly people over the age of 60 were investigated. This major national condition survey of the elderly in China was followed by longitudinal surveys in 2006 and 2010, the sample size was expanded and resampled in 2015 by Office of the China National Committee on Aging. All four surveys used a similar research design. The 2000 survey included 18,987 observations, the 2006 survey included 18,458 observations, and the 2010 survey included 18,689 observations.

The present study is based on data from the fourth SSAPUR, which was an extensive and large investigation survey of elderly people in China (comprising individuals aged ≥60 years, who were permanent residents and nationally representative; the survey was carried out for 1 month, from 1–31 August 2015. This investigation adopted a stratified multistage and probability proportional to size (PPS) sampling method, with regional sample sizes selected according to the area's proportion of people aged 60 years or more. The first time such a large number has been collected, including all provinces, autonomous regions, municipalities, and Xinjiang Production and Construction Corps across the country, covering 466 counties (districts), 1864 townships (sub-districts), and 7,456 village (residential) committees. The SSAPUR is China's largest elderly population database.

The fourth SSAPUR questionnaire was a large-scale epidemiological survey, which had been used in the Global Burden of Disease study and the World Health Survey. The survey covered nine aspects, including basic demographic information, family status, health, care and nursing services, economic status, social participation, rights protection, livable environment, and spiritual and cultural life (including psychology). Details of the fourth SSAPUR study design and the sampling method are provided in the Supplemental material (Supplements 1, 2).

The research protocol has been approved by the Ethical Review Committee of Beijing Hospital (No.2021BJYYEC-294-01) and approved by National Bureau of Statistics (No [2014] 87). All participants have provided written informed consent.



Date collection

All data were collected by trained study personnel in accordance with standardized protocols. On the cover of each questionnaire, there was a unique number, start and end time, and the signatures of the surveyors. Due to the huge amount of information gathered, we removed unnecessary information, such as commuting mode and children's work, according to the research purpose, and retained the demographic characteristics, health, social participation, family lives, and psychological information.

At baseline, demographic characteristics included gender, age, education level, household registration, and marital status. The “age” field was filled in, either according to an individual's ID card in the first instance or based on interviews with the senior citizen or his/her family members if he/she did not have an ID card. “Household registration” refers to agricultural household registration or non-agricultural household registration, either written in the household register or determined by the investigators. Education level was classified as follows: uneducated (never received school education at any level or of any type provided by the state or other institutions running schools); primary education (highest level of education received was primary school, whether in school, graduated, or dropped out); junior high-school education (highest level of education received was junior high-school, whether in school, graduated, or dropped out); high-school education (highest level of education received by a person, whether in school, graduated, or dropped out, including general high school, vocational high school, or secondary professional school); junior college (highest level of education received was at junior college); bachelor's degree or above (highest level of education received was a bachelor's degree or above).

Smoking was categorized as never smoked and other situations (including former and current smokers). Alcohol consumption was categorized as never or occasionally, 1–2 times a week, at least three times a week, or often drunk. Sleep quality divided by sleep time cannot describe sleep quality well. In this study, Sleep quality was categorized as very good, relatively good, average, relatively poor, very poor which sorted by elderly themselves. Exercise refers to all types of physical activities that are carried out consciously for the purpose of fitness, but does not include housework or farming. Medical insurance refers to the components of China's medical insurance system (basic medical insurance for urban workers, basic medical insurance for urban residents, and new rural cooperative medical care) and any other medical insurance. Gainful employment refers to the interviewed elderly people who were actually engaged in various production, management, or service activities to earn wages before the survey. Poverty was defined as having an annual household income of <6,000 yuan (US$ 963) in the previous year (2014). Economic status was selected according to the self-rating criteria of the interviewed elderly individuals. Public benefit activities cover safeguarding community public order, helping to mediate neighborhood disputes, safeguarding the community health environment, helping neighbors, caring about educating the next generation (not including educating your own grandchildren), and participating in cultural and scientific promotion activities. Spiritual and cultural life includes watching TV/listening to the radio, reading books/ newspapers, going to the cinema or the theater, Tai Chi/health exercises, playing gateball/table tennis/badminton, or playing mahjong/cards/chess. Chronic diseases, including malignant tumor, cataract/glaucoma, hypertension, cardiac–cerebral vascular disease (CCVD), osteoarthrosis, and chronic obstructive pulmonary disease (COPD), and were self-reported by the interviewed elderly individuals.



Definition

As a cross-sectional study, the prevalence of diabetes among elderly in this study include those diagnosed by health professionals in the past regardless of subtype (Type 1, Type 2 or any other subtypes), either on diet control, oral hypoglycemic drugs and/or injective insulin. Other chronic diseases which were used as independent variable factors, including malignant tumor, cataract/glaucoma, hypertension and so on, refer to self-reported diseases that has been definitively diagnosed by health professionals before.



Statistical analysis

From a total of 224,142 cases, we excluded those with missing data, including 9,084 cases whose diabetes status was not clear and 17 individuals who had more than 10 missing independent variables.

The prevalence of diabetes was described by province, in descending order from largest to smallest. Baseline characteristics and other factors were summarized as numbers with proportions. The statistical significance of differences was assessed using Chi-square analysis for categorical variables and a post hoc two-tailed Newman–Keuls test when two or more groups were compared.

In univariate logistic regression analysis, demographic data (household registration, age, gender and education level), living habits (smoking, alcohol consumption, sleep quality and exercise), socioeconomic factors (medical insurance, gainful employment, poverty, economic status, public benefit activities, spiritual cultural life), and comorbidities (malignant tumor, cataract/glaucoma, hypertension, CCVD, COPD) were analyzed as independent variables. A P-value < 0.05 was considered statistically significant. After that, statistically significant independent variables in the univariate logistic regression analysis were included in the multivariate regression analysis. Stratification analysis was also performed, based on gender, age, and residing in urban or rural areas.The prevalence of diabetes after stratification was tested by chi-square test. A P-value <0.05 was considered statistically significant. Using the methods of Robert Newcombe, the lower and upper limits of the 95% confidence intervals for the proportion of diabetics were calculated. All statistical analyses were performed using SPSS 24.0 (IBM Corp., Armonk, NY, USA).




Results

Finally, a total of 215,041 participants (102,692 male and 112,349 female) were included in this analysis (Figure 1). Table 1 shows the number of participants and prevalence of diabetes among the elderly in 31 provinces in China. Hong Kong, Macao and Taiwan were not included in this survey. The prevalence of diabetes is 8.7% among the elderly in China, with the highest prevalence in Beijing (20.8%), Tianjin (17.2%), and Shanghai (16%), and the lowest prevalence in Xizang (0.9%), Guangxi (3.4%), and Hainan (3.9%). Figure 2 shows the distribution of the prevalence of diabetes.
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FIGURE 1
 Flowchart of participants on self-reported diabetes of the fourth SSAPUR study.



TABLE 1 The prevalence of diabetes in the elderly of China.

[image: Table 1]


[image: Figure 2]
FIGURE 2
 Geographic distribution of diabetes prevalence in 31 selected provinces/municipalities in the fourth SSAPUR study. Hong Kong, Macao and Taiwan were not included in this survey.


The prevalence distribution of diabetes with related factors is shown in Table 2. In urban areas, diabetes prevalence was significantly higher than in rural areas (11.4 vs. 5.8%, P = 0.001). The relationship between age and diabetes exhibited a “spoon-shaped” relationship. The prevalence of diabetes was highest in the 70–74 years age group (9.7%), followed by 7.7% and 7.0% in the groups aged 60–64 and ≥85 years, respectively. Females had a higher prevalence of diabetes than males (9.8 vs. 7.6%, P < 0.001). The prevalence of diabetes varied among the elderly with different education levels, from uneducated to bachelor's degree or above, with a gradually increasing trend from 7.4 to 16.2% (P < 0.001). The prevalence of diabetes also differed by smoking, alcohol consumption, sleep quality, and exercise. There was a difference between the prevalence of diabetes by self-reported economic status (P < 0.001), with the “very generous” having the highest prevalence of diabetes (10.1%) and the “relatively difficult” group having the lowest prevalence (8.2%). Diabetes prevalence did not differ significantly between patients with and without cardio-cerebral vascular disease, osteoarthritis, or COPD. The prevalence of diabetes in the hypertensive group (36.9%) was higher than that in the non-hypertensive group (14.6 vs. 5.2%, P < 0.001). Patients with cataract/glaucoma (16%) had a higher combined diabetes rate than those without cataract/glaucoma (12.9 vs. 7.9%, P < 0.001). Malignant tumor patients also had a higher prevalence of diabetes (1.1%) (11.2 vs. 8.7%, P < 0.001).


TABLE 2 The related factors of proportion with (or without) diagnosed diabetes.
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Table 3 presents the results of univariate and multivariate logistic regression analysis. Univariate logistic regression showed that the odds ratio (OR) for diabetes in rural areas was 0.48 (95% confidence interval (CI): 0.47–0.50, P < 0.001) compared with urban areas. The ORs of diabetes in all age groups increased and then decreased, with the OR of diabetes in the 75–79 years group being 1.23 (95%CI: 1.17–1.29, P < 0.001)compared with the 60–64 years group, and the OR of diabetes in the group aged ≥85 years being 0.89 (95%CI: 0.82–0.96, P < 0.001). The OR for diabetes in men was 0.76 (95%CI: 0.73–0.78, P < 0.001) based on women. The risk of diabetes increased with higher education level. Compared with non-smokers, smokers had a lower prevalence of diabetes.The OR for “very poor” sleep quality was 1.79 (95%CI: 1.41–2.28, P < 0.001) compared with “very good” sleep quality. The odds of diabetes among the elderly from poor families with an annual household income <6,000 yuan (US$ 963) was 0.62 times that of non-poor families (95%CI: 0.59–0.65, P < 0.001). Those with malignant tumors (OR: 1.32, 95%CI: 1.17–1.50, P < 0.001), cataract/glaucoma (OR: 1.73, 95%CI: 1.66–1.79, P < 0.001), and high blood pressure (OR: 3.10, 95%CI: 3.01–3.20, P < 0.001) showed a higher prevalence of diabetes than people without these diseases. In this study, the proportion of diabetes patients with CCVD or osteoarthrosis was not statistically significant compared with the proportion of people without such diseases (Figure 3). In multivariate logistic regression analysis, the statistically significant factors were included. The results are presented in Table 3 and they were all statistically significant (Figure 4).


TABLE 3 Univariate and multivariate logistic analysis for diabetes.
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FIGURE 3
 Association between related factors and diabetes by univariable logistic regression analysis.
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FIGURE 4
 Association between related factors and diabetes by multivariate logistic regression analysis.


By stratifying by gender, we explored the prevalence and differences between parameters and diabetes (Table 4). A total of 10,964 female individuals with diabetes were identified among 112,349 female participants. Diabetes prevalence varied between urban and rural areas among females (12.0 vs. 7.2%, P < 0.001) and among age groups (P < 0.001). In addition, a total of 7,758 male individuals with diabetes were identified among 102,692 male participants. Among males, the prevalence of diabetes varied throughout urban and rural areas (10.7 vs. 4.3%, P < 0.001) and among age groups (P < 0.001). Regardless of gender, the prevalence of diabetes differed by comorbidities such as cataract glaucoma (P < 0.001) and hypertension (P < 0.001). However, The prevalence of diabetes in women with or without COPD was significantly different (12.8 vs. 9.7%, P < 0.001), but this was not seen in men (7.5 vs. 7.6%, P = 0.728). In males with and without osteoarthrosis, prevalence of diabetes varied significantly (7.1 vs. 7.8%, P < 0.001), but not in females (9.8 vs. 9.8%, P = 0.971).


TABLE 4 The prevalence of diabetes by gender/urban and rural/age stratification.
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“Urban and rural” stratification was used to analyze the prevalence and differences between parameters and diabetes (Table 4). Within the 111,940 urban participants, 12,730 individuals had diabetes. The prevalence of diabetes in urban areas varied between females and males (12 vs. 10.7%, P < 0.001) and between age groups (P < 0.001). Out of 103,101 participants living in urban areas, 5,992 were diagnosed with diabetes. The prevalence of diabetes in rural areas varied between females and males (7.2 vs. 4.3%, P < 0.001).

An age-specific analysis of the prevalence and differences between parameters and diabetes was further conducted (Table 4). We divided the continuous variable “age” into three groups, spaced at 10 years. A total of 10,218 individuals with diabetes were identified among 121,636 participants aged between 60 and 69 years. The prevalence of diabetes in this age group varied between urban and rural areas (10.7 vs. 6.0%, P < 0.001) and between females and males (9.6 vs. 7.1%, P < 0.001). The resulting bar chart is shown in Figure 5.


[image: Figure 5]
FIGURE 5
 The relationship between parameters and diabetes was further analyzed by gender, age, and urban and rural residence stratification.




Discussion

This national cross-sectional study of older adults aged more than 60 years describes the national distribution of self-reported diabetes by demographic data, living habits, socioeconomic factors and comorbidities. A stratified sampling method was used to investigate the elderly people of all provinces in China. The questionnaire has high reliability and validity, and the amount of data is large and reliable. Meanwhile, socioeconomic factors, living habits and comorbidities were included in the analysis as potential risk factors. This further expands our understanding of the causes on diabetes. Further stratified analyses were conducted to illustrate the differences of diabetes and other risk factors by gender, age, urban and rural areas. It can help medical workers to provide targeted prevention and treatment measures.

In this study, the prevalence of self-reported diabetes in China among people aged more than 60 years is 8.7%. Weiqing Wang et al. analyzed data from the China Cardiometabolic Disease and Cancer Cohort Study, which included 93,781 subjects with a mean age of 55.7 years, of whom 67% were women. During a mean follow-up period of about 3 years, 6,171 new cases of diabetes were identified. And the incidence of diabetes was 6.58% based on blood glucose testing (20). In a study of the China Kadoorie Biobank, 8,784 out of 461,211 (prevalence: 19.0%) adults aged 30–79 years were diagnosed with type 2 diabetes during a median follow-up of about 7 years (23). Wang et al. proposed that the self-reported prevalence of diabetes is 8.4% in middle-aged and elderly Chinese (24). In another study of about 10, 000 participants conducted in 2011–2012, the prevalence of self-reported diabetes and screening-detected prevalence was 6.0 and 9.8% among people over 44 years of age (25). Our study was a nationwide cross-sectional study in 2015. Self-reported prevalence of diabetes was slightly higher than the two studies above, probably because of increased aging, physical examination, and adequate nutrition of the elderly. Of those surveyed, 58.7% to 69.9% were unaware of their diagnosis (8, 9, 26). According to the available data, undiagnosed diabetes still accounts for a large proportion of cases, and prediabetes may represent an even larger proportion (27).

Women are more likely than men to suffer from diabetes according to our study. Gender differences in diabetes have varied in previously reported studies (28). However, research has shown that some important risk factors, such as obesity, sex hormones, and psychological stress problems, are more common in women, supporting our finding that older women develop diabetes more frequently than men (29). Our study showed that age is an independent risk factor for diabetes. However, the prevalence of diabetes does not completely increase with age. The prevalence of diabetes is highest in people aged 70–74 years and lowest in people aged more than 85 years. A meta-analysis revealed a prevalence of 11.0% (95% CI 9.0–13.0%) among 55–64-year-olds, 14.1% (95% CI 12.3–16%) among 65–74-year-olds, and 11.0% (95% CI 9.0–13.0%) over 75-year-olds (30). This is similar to the results of our study. These results were obtained because self-reported diagnosis of diabetes in the old may be biased due to cognitive decline and shortened life expectancy in the elderly with diabetic macroangiopathy.

According to our study, diabetes prevalence is higher in economically developed provinces than in less developed ones. Meanwhile, compared to rural areas, urban areas had a higher prevalence of diabetes, according to our survey. As in some earlier geographical studies, the prevalence of diabetes in economically developed provinces and northern provinces was higher than that in economically underdeveloped and central or southern regions (30, 31). A study of 512,869 participants in China indicated that 4.1% of diabetes patients live in rural areas, compared with 8.1% in urban areas (18). It is well known that diabetes is highly related to nutritional status and obesity, and diet structure and lifestyle can affect the incidence of diabetes. At the same time, the medical conditions in the developed areas are better, and people pay more attention to health, so the early detection of diabetes is more likely. The prevalence of diabetes in participants with higher level of education was higher, which is similar to many previously published studies (31–33).

In our study, older adults with diabetes smoked and drank less but exercised often. Smoking and drinking are recognized as unhealthy lifestyles that can increase the risk of diabetes, while exercise is recognized as a healthy lifestyle, so this finding could be interpreted as reflecting good health education and lifestyle interventions of people with diabetes in China. In our study, Poor sleep quality is an independent risk factor for diabetes. And the prevalence of diabetes was significantly higher among relatively poor and very poor sleepers, which could be related to chronic stress stimulation and increased body mass index., The study by Wang et al. (34) shows that obstructive sleep apnea has been linked to abnormal glucose metabolism in laboratory-based experiments. Sleep apnea is highly correlated with poor sleep quality, which may partly explain the relationship between sleep and diabetes. Diabetes patients' sleep duration is also associated with glycemic control.

Interestingly, the never-married group had significantly lower rates of diabetes than the married group. The specific cause of this is unclear and needs further study. We found that 99.1% of Chinese citizens had medical insurance, and the prevalence of diabetes among this group was also higher, which may be related to increased rates of outpatient visits and subsequent diagnoses. Our study also suggests that diabetic patients are more actively involved in spiritual and cultural life than non-diabetic patients. This may benefit from the widespread awareness of lifestyle intervention for diabetes.

People with hypertension were significantly more likely to develop diabetes than those with normal blood pressure. Diabetes and hypertension share numerous pathophysiological mechanisms and genetic factors. Consequently, both clinical entities contribute synergistically to micro- and macro-vasculopathy and cardiovascular death (35). In a study of 318,664 individuals, it was found that T2DM is associated with hypertension, but that the causal relationship is unlikely (36). The prevalence of diabetes in tumor patients and cataract/glaucoma patients was also higher than that in patients without these comorbidities. Diabetes patients may be at a higher risk of cancer due to risk factors such as age, obesity, inactivity, and smoking. Several types of cancer are also affected by diabetes, including hepatocellular cancer, hepatobiliary cancer, pancreatic cancer, ovarian cancer, breast cancer, endometrial cancer, and gastrointestinal cancer. Hyperglycemia, increased bioactivity of insulin-like growth factor 1, hyperinsulinemia, dysregulation of sex hormones, oxidative stress, and chronic inflammation are some of the biological mechanisms linking diabetes and cancer (37). It is recognized that T2DM is a risk factor for cataract development (38). Glaucoma and diabetes share some risk factors and pathophysiologic features, but their pathophysiology is not completely understood. The presence of diabetes and elevated fasting glucose levels is also related to elevated intraocular pressure, which is one of the key risk factors for glaucomatous optic neuropathy (39). Diabetes prevalence was not statistically significant in the elderly with or without COPD, but not among women. A neglected relationship is that of the diabetes–lung association, which is epidemiologically and clinically well-established, including asthma and COPD; however, the underlying mechanism and pathophysiology are not fully understood (40). In our study, there were no statistically significant differences of prevalence of diabetes in the elderly with or without osteoarthritis, but it was not seen among men. The reason for this gender difference is unclear. A meta-analysis of 49 studies found a significant association between osteoarthritis and type 2 diabetes (41). There are two major pathways involved in the pathogenesis of T2DM leading to osteoarthritis: oxidative stress and low-grade chronic inflammation caused by chronic hyperglycemia and insulin resistance (42).



Limitations

The limitations of this study may include the following aspects. Firstly, this is a cross-sectional study. And potential risk factor analysis is correlation analysis, not causality analysis. Secondly, we do not test blood sugar to distinguish the hidden diabetes and pre-diabetes, nor do we gather information of the control and treatment of diabetes among the elderly. There are biases from the older persons due to recall bias or cognitive impairment. Thirdly, some variables were not evaluated. The dimensions and number of variables were large, and there was a lack of assessment on presence and change of these modifiable lifestyles, before or after the diagnosis of diabetes. Nonetheless, to our knowledge, the present study demonstrated the awareness of diabetes diagnosis, lifestyle and economic status of the Chinese elderly. The study also provided insights into socioeconomic, lifestyle, comorbidities and other potential risk factors for diabetes. These results could be helpful for further research and comprehensive understanding of diabetes.



Conclusions

With the advent of the aging society in China, the prevalence of diabetes as a disease of aging is increasing. Besides genetic and metabolic factors, socioeconomic factors, living habits, and comorbidities are also potential independent risk factors for diabetes. This study makes us realize that diabetes has a complex pathogenesis involving both environmental and individual factors. Further studies can be conducted based on the results drawn from this study. Diabetes, as one of the diseases with increasing prevalence, and its serious complications have a great impact on the physical and mental health of patients, which needs more attention and financial investment from the government. This study also provides more relevant references for medical administrative departments on diabetes.
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Aims

The present systematic review and meta-analysis of randomized controlled trials (RCTs) was conducted to investigate the effect of low volume high-intensity interval training (LVHIIT) on the metabolic and cardiorespiratory outcomes in patients with type 2 diabetes mellitus (T2DM).



Methods

Relevant articles were sourced from PubMed, EBSCO, Web of Science, Embase, and the Cochrane Library from inception to October 2022. The study search strategy and all other processes were implemented in accordance with the PRISMA statement.



Results

Five randomized controlled trials that satisfied the inclusion criteria were included in this meta-analysis. The LVHIIT group had significantly lower fasting blood glucose levels (RR= -1.21; 95% CI= -2.02— -0.40, p = 0.0032) and HbA1c levels (RR= -0.65; 95% CI= -1.06— -0.23, p = 0.002) and higher levels of insulin resistance indicator HOMA-IR (RR= -1.34; 95% CI = -2.59— -0.10, p = 0.03) than the control group. Moreover, our results show that LVHIIT can reduce body mass (RR = -0.94, 95% CI = -1.37— -0.51, p<0.0001) and body mass index (RR = -0.31, 95% CI = -0.47— -0.16, p<0.0001). LVHIIT had a better therapeutic effect on blood lipid metabolism, such as total cholesterol, high-density lipoprotein, low-density lipoprotein and triglycerides. However, the change in fasting insulin levels was not statistically significant (RR= -1.43; 95% CI = -3.46— 0.60, p =0.17). Furthermore, LVHIIT reduced the systolic blood pressure (RR =-4.01, 95% CI = -4.82 – -3.21, p<0.0001) and improved peak oxygen uptake (VO2peak) compared to the control group (RR= 5.45; 95% CI = 1.38 – 9.52, p =0.009).



Conclusion

After a certain period of LVHIIT, glycaemic control, insulin resistance, body weight, lipid profile and cardiorespiratory outcomes were significantly improved in T2DM patients.
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Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disease characterized by increased blood glucose concentrations. T2DM affects more than 400 million people worldwide, a figure that is expected to exceed 642 million people by 2040. In addition to severe suffering for the actual patient, the economic cost for disability and treatment places a heavy burden on society (1). Although many pharmacological treatments have emerged in recent years, these medications not only fail to prevent the progression of diabetes and its complications but also cause many side effects.

Cardiometabolic risk factors including central obesity, hypertension, dyslipidemia, and insulin resistance are strongly associated with the development and progression of T2DM (2). Lifestyle interventions appear as the efficient strategy to minimize cardiometabolic risk factors and improve T2D, which has gained increasing attention and acceptance among patients due to their simplicity and repeatability (3–5). Lifestyle interventions can be used as primary or supplementary treatments for T2DM patients according to the current ADA (American Diabetes Association) guidelines (6). Recent clinical trials have demonstrated that intensive lifestyle interventions can reduce the incidence of diabetes by 58% compared to those without lifestyle interventions (7). Among these lifestyle interventions, physical exercise results in improved insulin sensitivity and glucose homeostasis, which has long been recommended as one of the key therapeutic interventions for T2DM (8). High-intensity interval training (HIIT) consists of alternating repetitions of short periods of high-intensity exercise interspersed with less active or passive recovery periods. HIIT should be performed at 80–100% of the max heart rate interval, with a lower heart rate during the rest period. Compared to widely used moderate-intensity continuous training (MICT), HIIT has been proposed as a lower total energy expended exercise intervention that may bring about similar positive effects (9, 10). Collective evidence suggests that HIIT contributes to greater improvements in cardiorespiratory fitness compared to MICT (11), where cardiorespiratory fitness is inverse associated with the incidence of T2DM (12).

Nevertheless, normal HIIT has a much higher exercise intensity with a higher risk of injury in T2DM patients (13). Therefore, a milder HIIT exercise protocol is needed to reduce the risk of HIIT while improving metabolic and cardiorespiratory outcomes in individuals with T2DM. Additionally, lack of time is one of the common obstacles to physical activities. Low volume high-intensity interval training (LVHIIT) is a type of HIIT with the reduced total training volume (14). It has been suggested that LVHIIT could improve cardiorespiratory fitness as effective as high-volume HIIT, suggesting that LVHIIT may serve as a potent and time-efficient physical activity intervention strategy (15–17). The beneficial roles of LVHIIT on body composition have also been demonstrated (16, 18). However, the effects of LVHIIT on metabolic and cardiorespiratory outcomes in patients with T2DM remain unclear. In addition, new studies with more detailed data and high evidence levels have been published. Thus, we performed the current systematic review and meta-analysis of randomized controlled trials (RCTs) to investigate the effects of LVHIIT on T2DM patients. The results of this investigation may guide future decision-making regarding the use of lifestyle interventions among patients with T2DM.



Materials and methods

This systematic review and meta-analysis followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement and the Cochrane Handbook for Systematic Reviews of Interventions (19). Ethical approval and patient consent were not required because all analyses were based on previously published studies.


Literature search and selection criteria

LVHIT as intervention treatment vs no exercise or shame exercise (exercise at very low density). We systematically searched several databases including PubMed, EBSCO, Web of science, EMbase, and the Cochrane Library from inception to October 2022. The structured search strategies used the combination of RCTs and LVHIIT with diabetes patients: [“Low volume” OR “high-intensity interval training” AND (exercise OR physical activity) AND (“randomized controlled trials”) AND (diabetes) NOT (review) NOT (meta) NOT (animal experiment)]. The reference lists of retrieved studies and relevant reviews were hand-searched, and the process mentioned above was performed repeatedly to ensure the inclusion of all eligible studies. Inclusion criteria were as follows (1): randomized control trials, (2) T2DM diagnosis before participating in the experiment, (3)as there is no universal standard definition of HIIT, thus we used the HIIT standard proposed by previous meta-analysis (20, 21), (4) LVHIT as intervention treatment vs no exercise or shame exercise, (5) sufficient data for extraction, (6) full text only, and studies with all languages were included.



Data extraction and outcome measures

Baseline information that was extracted from the original studies included the following: first author, published year, number of patients, patient age and gender distributions, the evaluation of the evidence level, detailed intervention method and time of period. Data were independently extracted by two investigators. Discrepancies were resolved by consensus.

The primary outcomes were fasting blood glucose (FBG), HOMA-IR and HbA1c. Secondary outcomes were fasting insulin, body mass index (BMI), body mass, plasma lipid metabolism (TC, HDL, LDL and triglyceride) and the cardiorespiratory fitness parameters including systolic blood pressure (SBP), diastolic blood pressure (DBP) and relative VO2 peak.



Quality assessment of individual studies

The methodological quality of each RCT was assessed by the Jadad Scale which consists of three evaluation elements: randomization (0-2 points), blinding (0-2 points), dropouts and withdrawals (0-1 points) (22). One point was be allocated to each element if it had been conducted and mentioned appropriately in the original article. The total score of the Jadad Scale ranges from 0 to 5 points. An article with a total Jadad score that is less than or equal to 2 is considered to be of low quality. Concurrently, a study is thought to be of high quality if its total Jadad score greater or equal to 3 (23).



Statistical analysis

Risk Ratio (RR) with 95% confidence intervals (CIs) was calculated for dichotomous outcomes. Heterogeneity was evaluated using the I2 statistic, with I2 > 50% taken to indicate significant heterogeneity (24). Sensitivity analysis was performed to evaluate the influence of a single study on the overall estimate by omitting one study in turn or performing subgroup analysis. The random-effects model was used for meta-analysis. Owing to the limited number of included studies (<10), publication bias was not assessed. Statistical significance was accepted at P < 0.05. All the data are presented as mean ± SD. All statistical analyses were performed using Review Manager Software Version 5.3 (The Cochrane Collaboration, Software Update, Oxford, UK).




Results


Literature searches, study characteristics, and quality assessment

In total, 18085 articles including 64 in PubMed, 2141 in EBSCO, 15863 in Web of science, 5 in Embase and 12 in central Cochrane were initially identified from the databases. After removing duplicates, 5537 articles were retained. A total of 5326 studies were excluded from our study due to unrelated abstracts and titles. We also excluded 3 studies that were not RCTs, 2 studies that presented insufficient data, and 1 study that reported an improper methodology. Ultimately, five RCTs satisfied the inclusion criteria and were included in this meta-analysis (10, 25–28). The article selection process was performed in accordance with the PRISMA statement and the flow chart is shown as Figure 1. The baseline characteristics of the 5 included studies are shown in Table 1. Only Afousi et al. reported the age range of the patients (45-60 years old) (26). Four studies compared LVHIIT to no exercise, and one compared LVHIIT to a sham-exercise placebo. Four groups (10, 25–27) used cycling, and 1 group used jogging/running (28). There were no statistically significant differences in the patient baseline characteristics. All studies reported the exercise duration: 3 studies reported 12 weeks, 1 study for 1 weeks and 1 for 16 weeks. All studies included in our meta-analysis were published between 2016 and 2022, and the total sample size was 119. The detailed information on medication intake was shown in Table 2. The mean Jadad score ranged from 3 to 5. The main limitation of the included studies was the blinding methods. The Jadad scores for each study are also presented in Table 1.




Figure 1 | PRISMA flow chart.




Table 1 | Characteristics of included studies.




Table 2 | Medication intake of patients.





Primary outcomes


Fasting blood glucose

Four studies examined pre- and post-LVHIIT FBG levels (10, 25, 27, 28). The results showed a significant difference in FBG in the LVHIIT group compared with the control group (RR= -1.21; 95% CI -2.02— -0.40, p = 0.0032), and there was significant heterogeneity (I2 = 73%, P = 0.01; Figure 2A). After removing the Winding et al. study (10), the heterogeneity became nonsignificant (I2 = 0%, P = 0.78), and the overall effect of exercise remained significant (RR= -0.82; CI -1.22 – -0.42, p = 0.0032; Figure 2B).




Figure 2 | (A) Forest plot for the meta-analysis of (A) fasting blood glucose and (B) after sensitivity analysis.





HbA1c

Three studies examined changes in HbA1c levels (10, 25, 27). Our meta-analysis indicated that LVHIIT can significantly reduce the HbA1c levels (RR= -0.65; 95% CI= -1.06 – -0.23, p = 0.002; Figure 3), and there was nonsignificant heterogeneity (I2 = 21%, p = 0.28).




Figure 3 | Forest plot for the meta-analysis of percentage of HbA1c.





HOMA-IR

Only two studies examined HOMA-IR levels (10, 28). As shown in Figure 3, HOMA-IR levels were significantly lower in the LVHIIT group than in the control group (RR= -1.34; 95% CI -2.59— -0.10, p = 0.03; Figure 4), and there was significant heterogeneity (I2 = 54%, P = 0.14).




Figure 4 | Forest plot for the meta-analysis of HOMA-IR.






Secondary outcomes


Fasting insulin

Four studies examined pre- and post-LVHIIT fasting insulin levels (10, 25, 27, 28). Our results revealed that LVHIIT did not significantly change the fasting insulin level compared to the control group (RR= -1.43; 95% CI = -3.46 – 0.60, p =0.17; Figure 5A), and there was significant heterogeneity (I2 = 92%, p <0.00001). After removing the study by Li et al. (25), the overall effect of LVHIIT remained nonsignificant (RR= -3.52; 95% CI = -10.95 – 3.90, p =0.35; Figure 5B), and the level of heterogeneity was lower (I2 = 31%, p =0.24).




Figure 5 | Forest plot for the meta-analysis of (A) fasting insulin and (B) after sensitivity analysis.





BMI and body mass

All five included studies examined BMI and body mass (10, 25–28). Our results revealed that LVHIIT reduces BMI (RR = -0.31, 95% CI = -0.47 – -0.16, p<0.0001; Figure 6A) and body mass (RR = -0.94, 95% CI = -1.37 – -0.51, p<0.0001; Figure 6B), and there was nonsignificant heterogeneity (I2 = 0%, P =0.82 and I2 = 0%, P =0.92, respectively).




Figure 6 | Forest plot for the meta-analysis of (A) body mass index and (B) body weight.





Blood lipid metabolism

Four studies (10, 26–28) examined data relating to blood lipid indicators. For total cholesterol, our meta-analysis indicated that there was no difference after a period of LVHIIT (RR = -1.24, 95% CI = -3.09—0.61, p=0.19; Figure 7A), and there was a significant level of heterogeneity (I2 = 99%, P <0.00001). However, after excluding one study, LVHIIT was found to significantly reduce total cholesterol (RR = -0.24, 95% CI = -0.35 to -0.13, p<0.0001; Figure 7B), and the heterogeneity became nonsignificant (I2 = 0%, P =0.68). For high-density lipoprotein, the meta-analysis showed that there was a significant difference between the LVHIIT group and the control group (RR = 0.21, 95% CI = 0.08 – 0.33, p=0.001; Figure 7E), and there was a significant level of heterogeneity (I2 = 62%, P=0.05). After removing the study by Way et al., the results still showed that LVHIIT increased plasma HDL levels (RR = 0.28, 95% CI =0.24—0.32, p<0.00001), but the heterogeneity was nonsignificant (I2 = 0%, P =0.58; Figure 7F). Overall, LVHIIT can reduce TC, LDL and triglyceride levels and increase HDL levels.




Figure 7 | Forest plot for the meta-analysis of lipid profile (A) total cholesterol and (B) after sensitivity analysis; (C) low density lipoprotein; (D) triglyceride; (E) high density lipoprotein and (F) after sensitivity analysis.





Cardiorespiratory fitness parameters

All five studies included the SBP and DBP (10, 25–28). Our results indicated that LVHIIT can reduce the SBP (RR =-4.01, 95% CI = -4.82 – -3.21, p<0.0001; Figure 8A) but not DPB (RR =-1.52, 95% CI = -3.31 – 0.26, p=0.09; Figure 8B) with nonsignificant heterogeneity (I2 = 0%, P =0.77 and I2 = 37%, P =0.18, respectively). Three studies reported the VO2peak and our result showed that LVHIIT significantly improved VO2peak compared to the control group (RR= 5.45; 95% CI = 1.38 – 9.52, p =0.009; Figure 8C) and there was significant heterogeneity (I2 = 70%, p =0.04) (10, 26, 27). After removing the study by Way et al. (27), the overall effect of LVHIIT remained significant (RR= 7.66; 95% CI = 5.21 – 10.11, p<0.00001; Figure 8D), and the level of heterogeneity was lower (I2 = 0%, p =0.70).




Figure 8 | Forest plot for the meta-analysis of cardiorespiratory fitness (A) systolic blood pressure and (B) diastolic blood pressure; (C) relative VO2 peak; (D) after sensitivity analysis.







Discussion

Increased evidence has shown that physical exercise is an essential component of all effective interventions for the treatment and prevention of T2DM. As different types of exercise bring different benefits to patients, a series of clinical trials and meta-analyses have been performed to determine the positive function of each type of exercise. Earlier studies have shown that aerobic exercise, resistance training and HIIT independently have beneficial effects on preventing T2DM (5). As T2DM patients often report a “lack of time” as one barrier to regular exercise (29), LVHIIT may be a more time-effective strategy. LVHIIT has already been proven to improve cardiovascular health in T2DM patients. However, the effect of LVHIIT on diabetes-related indicators such as glycaemic control, insulin level, and HbA1c remain unclear. To evaluate this type of exercise and obtain higher-level evidence, we performed this meta-analysis.

Hyperglycaemia is the key characteristic of diabetes mellitus and is the main cause of complications in the heart, vasculature, eyes, kidneys and nerve system (30). Almost all types of exercise can reduce hyperglycaemia by improving insulin resistance in peripheral organs, such as skeletal muscle, liver and adipocytes (31–34), which will enhance blood glucose uptake and transport. Jelleyman et al. reported in their meta-analysis that regular HIIT can significantly reduce fasting glucose in metabolic syndrome or T2DM but not in healthy people compared to no exercise patients (35). Our present research found a reduction in fasting glucose levels among T2DM patients after LVHIIT intervention. Little et al. reported that LVHIIT can reduce hyperglycaemia by enhancing insulin signaling, the insulin-stimulated glucose disposal rate, glucose transporter protein (GLUT4) levels, and mitochondrial capacity in muscle, which further confirms our results (34). HOMA-IR, a model for estimating insulin sensitivity through glucose concentrations and fasting insulin, was also improved in the LVHIIT group (36). The level of heterogeneity was higher for this outcome, which may be due to different blood sampling times and the specific calculation model they used. Thus, we can assume that LVHIIT can significantly improve hyperglycaemia and insulin resistance in T2DM patients. HbA1c is another indicator for blood glucose concentration and is a very important predictor for the incidence of complications and death related to diabetes. A previous study reported that each 1% increase in HbA1c is associated with a 37% increase in diabetic microvascular complications and a 21% increase in the risk of mortality. Thus, HbA1c is also a crucial marker for evaluating the therapeutic method of diabetes (37, 38). First, the formation of HbA1c is related to the average blood glucose concentration at three months. Second, a previous study showed that extent to which HbA1c levels decrease depends on the type and volume of exercise (39). Our results showed that medium- or long-term (11-16 weeks) LVHIIT can significantly reduce HbA1c and benefit T2DM patients. Notably, these glycaemic-related indicators were also improved in a short-term (2 weeks) experiment. Unfortunately, the study had a small sample size, and the evidence level of the study design was not high (34). Due to the improvement in insulin resistance, fasting insulin should be lower. However, our result shows a lower tendency of insulin without statistical significance. This result may partly explain why exercise improved insulin signaling in peripheral tissue rather than enhancing the insulin secretion function of β-cells (40). Ishiguro et al. assumed that insulin improvement may be restricted in patients with impaired basal insulin secretion with severe insulin resistance or impaired basal insulin secretion (41).

A previous meta-analysis that only included aerobic training and resistance training showed that BMI and body mass had nonsignificant reductions (42). Jelleyman et al. reported that HIIT can reduce body mass and BMI compared to the control group. However, the included study had relatively inconsistent baselines, as the included studies had different types of patients, such as healthy, overweight, T2DM and other chronic diseases (35). Our results further confirmed that LVHIIT can help reduce BMI and body weight in T2DM patients. However, body composition, such as body fat percentage, waist circumference and waist-hip ratio, should be further investigated. Our study also showed that LVHIIT significantly improved the blood lipid profile. The study by Way et al. contributed to the overall heterogeneity of this outcome because of the baseline characteristics of their patients (some patients were taking lipid-lowering medication). The main shortcoming for this outcome is the lack of the consistent dietary interventions across studies. Thus, future studies should provide a more consistent energy intake to determine the real efficiency of LVHIIT and plasma lipid metabolism. Corres et al. have reported that compared to high-volume moderate intensity continuous training, LVHIIT contributes to better improvements in cardiopulmonary function which is verified by our meta-analysis. Furthermore, they report that LVHIIT has a lowest withdraw rate compared to other type of exercises (43). Afousi et al. report that LVHIIT can decrease the oscillatory shear-induced improvement inflow-mediated dilatation and outward artery remodeling in T2DM patients compared to MICT (26).

Admittedly, there were some limitations in this meta-analysis. First, the number of participants in the studies was relatively small. Second, the LVHIIT period is approximately 11 to 16 weeks; therefore, it is difficult to determine the effects of shorter or longer LVHITT interventions. Third, there was always a certain amount of heterogeneity because there is no fully standardized LVHIIT protocol for T2DM patients. Fourth, liver dysfunction is tightly associated with T2DM (44), while the parameters of liver function were lacked in present studies. Lastly, the missing negative and unpublished data in the original studies may have led to publication bias and skewed our conclusions. Thus, we suggest that robust RCTs with large sample sizes and a standard protocol with more outcome parameters be performed in future studies to obtain more accurate data and verify our results.



Conclusion

In conclusion, this systematic review demonstrates that LVHIIT is an effective intervention for improving the metabolism of T2DM patients. Our results indicate that LVHIIT can reduce fasting blood glucose, HbA1c, insulin resistance, and body mass. Moreover, LVHIIT can improve the blood lipid profile, SBP and relative VO2peak. Nevertheless. Because of the current limitations of the included studies, multicenter, large-scale, prospective RCTs with more stable baselines should be performed to validate the present results.
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Background: Obesity is a major risk factor for diabetes mellitus (DM), which is in turn a major risk factor for cardiovascular diseases such as coronary artery disease and stroke. As few studies have investigated sex differences in the association between obesity and incidence of DM, the aim of this longitudinal study was to explore this issue in a large group of Taiwanese participants.

Methods: A total of 24,346 participants were enrolled in this study, of whom 8,334 (mean age, 50.6 ± 11.0 years) were male and 16,012 (mean age, 50.5 ± 10.1 years) were female. The following obesity-related indices were studied: body mass index, waist-to-height ratio, waist-to-hip ratio (WHR), body roundness index, conicity index (CI), body adiposity index, abdominal volume index, lipid accumulation product (LAP), and visceral adiposity index (VAI).

Results: The analysis showed significant associations between all of these indices with incidence of DM (all p < 0.001). In the male participants, the strongest predictors for incidence of DM were LAP (AUC = 0.692), WHtR (AUC = 0.684), and WHR (AUC = 0.683). In the female participants, the strongest predictors were LAP (AUC = 0.744), WHtR (AUC = 0.710) and VAI (AUC = 0.710), followed by BRI (AUC = 0.708).

Conclusion: Strong associations were found between the studied obesity-related indices and incidence of DM, and sex differences were found. Hence, to better control DM, reducing body weight may be beneficial in addition to lifestyle modifications, diet control, and pharmacological interventions.

KEYWORDS
 obesity-related index, sex difference, incident diabetes mellitus, Taiwan biobank, follow-up


Introduction

Diabetes is one of the most prevalent metabolic disorders worldwide, and it is associated with severe complications and heavy financial and medical burdens. According to the 10th International Diabetes Federation Diabetes Atlas, the estimated global prevalence of diabetes among individuals aged 20 to 79 years in 2021 was 10.5% (536.6 million people) (1). According to the Taiwan Health Promotion Administration, the prevalence of diabetes mellitus (DM) in Taiwan between 2017 and 2020 was 11.05%, which is higher than the global prevalence (10.5%) (2).

Type 2 DM is the most common type of diabetes, characterized by insulin resistance, decrease in the number of beta cells, and hyperglycemia (3). Type 2 DM complications include cardiovascular diseases and other microvascular diseases affecting the kidneys, retina, and neurological system, leading to poor clinical outcomes (4). DM-related complications may pose a considerable economic burden on society even while having negative effects on society for patients and their families. Moreover, according to the cause of death statistics of 2021 from Taiwan Ministry of Health and Welfare, diabetes is one of Taiwan's top ten causes of death, and the number of deaths is increasing year by year (5). Therefore, it is of great importance to identify the risk factors associated with the development type 2 DM.

Many anthropometric indicators are simple and convenient tools for evaluating central obesity and the risk of metabolic syndrome. Such indicators include waist-to-hip ratio (WHR), waist-to-height ratio (WHtR), lipid accumulation product (LAP), body roundness index (BRI), visceral adiposity index (VAI), abdominal volume index (AVI), conicity index (CI), and body adiposity index (BAI) (6, 7). All of these anthropometric indicators can be calculated using simple clinical measurements such as waist circumference (WC), hip circumference (HC), body mass index (BMI), body height (BH), body weight (BW), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-C). These obesity-related indices can evaluate obesity, which is defined by an excess accumulation of adipose tissue. Previous research has suggested the relationship between obesity with insulin resistance and type 2 diabetes, which is that non-esterified fatty acids secreted from adipose tissue in obese people may lead to insulin resistance and β-cell dysfunction (8). Our recent research revealed that these obesity indices are associated with fatty liver (9), albuminuria and advanced kidney disease (10), lung function (11), osteoporosis (12), hypertension (13), peripheral artery disease (14), and dementia (15). Previous studies have also demonstrated a relationship between obesity-related indices and DM (16–20). Nevertheless, few studies have investigated sex differences in the relationships between obesity-related indices and incidence of DM.

In this population-based cohort study, we enrolled over 26,000 participants from the Taiwan Biobank (TWB) and examined sex differences in the associations between obesity-related indices and incidence of DM. In addition, we determined the cutoff value of each obesity index to predict incidence of DM in men and women.



Materials and methods


Taiwan biobank

The population in Taiwan is rapidly aging, and hence the Ministry of Health and Welfare created the TWB to promote health care and prevent chronic diseases. The participants in the TWB are aged from 30 to 70 years and none have a previous diagnosis of cancer. Data available in the TWB include medical, genomic and lifestyle factors (21, 22). Ethical approval for the TWB was given by the Ethics and Governance Council of the TWB and Institutional Review Board on Biomedical Science Research, Academia Sinica, Taiwan.

During enrollment into the TWB, all participants provided data about their age and personal medical history (i.e. hypertension and DM). They also underwent physical examinations to obtain information on WC, HC, BW, BH and BMI. Fasting serum samples were obtained from all of the patients, and laboratory tests were conducted using an auto-analyzer (Roche Diagnostics GmbH, D-68298 Mannheim COBAS Integra 400). Laboratory data were also recorded at baseline after an 8-hour fast including: fasting glucose, glycated hemoglobin A1c (HbA1c), hemoglobin, TGs, total cholesterol, HDL-C, low-density lipoprotein cholesterol (LDL-C), estimated glomerular filtration rate (eGFR) [calculated using the 4-variable Modification of Diet in Renal Disease study equation (23)], and uric acid. Serum levels of creatinine were calculated using the compensated Jaffé (kinetic alkaline picrate) method using a calibrator that could traced in isotope-dilution mass spectrometry (24).

Systolic blood pressure (BP) and diastolic BP measurements were also performed in each participant with an automated BP monitor by a trained staff member. All measurements were made in triplicate after abstaining from smoking, caffeine, and exercise for at least 30 min. We used average BP measurements for analysis. Regular exercise was defined as exercising at least three times a week for at least 30 min each time, which is based on the projected “Physical Fitness 333 Plan,” promoted by the Ministry of Education in Taiwan in 1999 (25). Due to the widespread promotion, people in Taiwan still follow the “Physical Fitness 333 Plan” as a guideline for regular exercise. This study was conducted according to the Declaration of Helsinki, and approved by the Institutional Review Board of Kaohsiung Medical University Hospital [KMUHIRB-E(I)-20210058].



Study design

This study is an observational cohort study.



Sample population and sample size

A total of 27,033 participants (males: 9,555; females: 17,478) were screened, of whom had follow-up data for a median of 4 years and signed informed consent forms. Those with no data on WC (n = 1), HC (n = 1), BH (n = 1), and BW (n = 4), those with no follow-up data on DM, serum fasting glucose or HbA1c (n = 43), and those with baseline DM (n = 2,637) were excluded. The remaining 24,346 participants (males: 8,334; females: 16,012) were enrolled (Figure 1).


[image: Figure 1]
FIGURE 1
 A total of 27,033 participants were screened. After exclusion those without waist circumference, hip circumference, body height, body weight, follow-up data on diabetes mellitus, serum fasting glucose or HbA1c, and those with baseline diabetes mellitus, the remaining 24,346 participants were enrolled.




Definition of incidence of DM

Participants with an HbA1c level <6.5%, fasting glucose level <126 mg/dL, and no self-reported past history of DM were classified into the non-DM group. The participants in whom DM developed during follow-up, defined as an HbA1c level ≥6.5%, fasting glucose level ≥126 mg/dL (26), or self-reported DM, were classified into the incidence of DM group.



Calculation of obesity-related indices

1. BMI was calculated as:

[image: image]

2. WHR was calculated as:

[image: image]

3. WHtR was calculated as:
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4. BRI was calculated as:
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5. CI was calculated using the Valdez equation based on BW, BH and WC as:
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6. BAI was calculated according to the method of Bergman and colleagues as:
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7. AVI was calculated as
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8. LAP was calculated as:
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9. VAI score was calculated as described previously (32) using the following sex-specific equations (with TG levels in mmol/l and HDL-cholesterol levels in mmol/l):
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Statistical analysis

SPSS (version 19, IBM Inc., Armonk, NY) was used for all statistical analyses. All continuous variables are expressed as mean ± SD, categorical variables as percentages, or medians (25th-75th percentiles) were used to describe LAP and VAI. Normality tests were done to analyze the distribution of data collected for each group using the Kolmogorov-Smirnov. Homogeneity of variance was tested with the Levene test (Levene's test was used to assess the equality of variances, and an independent sample t-test). With respect to the comparison of data from different groups, the independent t-test was used for normally distributed variables, while the Mann–Whitney U test was used for non-normally distributed variables. Differences in categorical variables were examined by the chi-square test. Multivariable logistic regression analysis was performed to analyze associations between incidence of DM and the obesity-related indices, including all of the significant variables in univariate analysis. The natural logarithm was used for LAP and VAI. Receiver operating characteristic (ROC) curve analysis and areas under the ROC curves (AUCs) were used to assess the performance and predictive ability of the obesity-related indices for incidence of DM, respectively. The Optimal Cutoff Value was found as the cutoff with highest Youden Index, or equivalently, the highest Sensitivity + Specificity. P values < 0.05 were considered to be statistically significant.




Results

The mean age of the 24,346 enrolled patients was 50.5 ± 10.4 years. The prevalence rate of incidence of DM was 5.7% in the males (n = 8,334) and 4.0% in the females (n = 16,012) (p < 0.001).


Comparisons of the clinical characteristics between the male and female participants

Compared to the male participants, the female participants had lower prevalence rates of hypertension, smoking and alcohol history, lower values of systolic and diastolic BP, BH, BW, WC, HC, fasting glucose, HbA1c, hemoglobin, TGs, LDL-C and uric acid, and higher total cholesterol, HDL-C and eGFR (Table 1). The values of eight of the nine studied obesity-related indices (BMI, WHR, WHtR, BRI, CI, AVI, LAP, and VAI but not BAI) were lower in the female participants than in the male participants.


TABLE 1 Clinical characteristics of the study participants classified by sex.
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Comparisons of the clinical characteristics between the male and female participants with and without incidence of DM

The male participants with incidence of DM were older and had higher rates of hypertension and a history of smoking and alcohol consumption than those without incidence of DM (Table 2). In addition, the male participants with incidence of hypertension had higher systolic and diastolic BPs, BH, BW, WC, HC, fasting glucose, HbA1c, TGs, total cholesterol, LDL-C and uric acid, and lower HDL-C and eGFR than those without incidence of DM. Moreover, the male participants with incidence of DM had higher values of all nine obesity-related indices than those without incidence of DM.


TABLE 2 Clinical characteristics of the study participants classified by the presence of different sex and incidence of DM.

[image: Table 2]

The female participants with incidence of DM were older, had a higher prevalence rate of hypertension, lower menstruation status, higher systolic and diastolic BPs, BW, WC, HC, fasting glucose, HbA1c, hemoglobin, TGs, total cholesterol, LDL-C and uric acid, and lower BH, HDL-C and eGFR than those without incidence of DM. Moreover, the female participants with incidence of DM had higher values of all studied obesity-related indices than those without incidence of DM.



Associations among obesity-related indices with incidence of DM by sex

The following multivariable logistic regression models were used to examine the associations between each obesity-related index with incidence of DM by sex:

1. For WHtR, WHR, CI, BRI, BMI, BAI, and AVI: adjustments for age, hypertension, smoking and alcohol history, systolic and diastolic BPs, hemoglobin, TGs, total cholesterol, HDL-C, LDL-C, eGFR and uric acid in males (significant variables in Table 2); age, hypertension, menstruation status, systolic and diastolic BPs, hemoglobin, TGs, total cholesterol, HDL-C, LDL-C, eGFR and uric acid in females (significant variables in Table 2).

2. For LAP: the same adjustments as in model 1 except for TGs.

3. For VAI: the same adjustments as in model 1 except for TGs and HDL-C.

The results showed that high BMI (per 1 kg/m2; odds ratio [OR] = 1.140), WHR (per 0.01; OR = 1.082), WHtR (per 0.01; OR = 1.088), BRI (per 1; OR = 1.263), CI (per 0.1; OR = 1.425), BAI (per 1; OR = 1.082), AVI (per 1; OR = 1.124), LAP (log per 1; OR = 8.951) and VAI (log per 1; OR = 9.104) were significantly associated with incidence of DM in the male participants (all p < 0.001) (Table 3). Similarly, high BMI (per 1 kg/m2; OR = 1.099), WHR (per 0.01; OR = 1.051), WHtR (per 0.01; OR = 1.056), BRI (per 1; OR = 1.171), CI (per 0.1; OR = 1.233), BAI (per 1; OR = 1.043), AVI (per 1; OR = 1.095), LAP (log per 1; OR = 8.687), and VAI (log per 1; OR = 6.629) were significantly associated with incidence of DM in the female participants (all p < 0.001).


TABLE 3 Association of obesity-related indices with incidence of DM using multivariable logistic regression analysis.
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Significant interactions were found between sex and WHR (β = −0.024; p = 0.022), CI (β = −0.232; p = 0.008), LAP (β = 0.008; p < 0.001), and VAI (β = 0.092; p = 0.001) on incident DM. However, no significant differences were found in the other indices. In the men, WHR and CI were more strongly correlated with incidence of DM than in the women, whereas LAP and VAI were more closely linked with incidence of DM in the women than in the men.



Performance and predictive ability of the obesity-related indices to identify incidence of DM in the male and female participants

The performance (ROC curves), predictive ability (AUCs) and J value of the obesity-related indices to identify incidence of DM in the male and female participants were analyzed (Figure 2). Table 4 showed that in the male participants, LAP had the highest AUC (0.692), followed by WHtR (0.684), WHR (0.683), BRI (0.677), VAI (0.671), AVI (0.661), BMI (0.660), CI (0.630), and BAI (0.626). In addition, Table 5 showed that in the female participants, LAP also had the highest AUC (0.744), followed by WHtR (0.710), VAI (0.710), BRI (0.708), BMI (0.700), AVI (0.698), WHR (0.693), BAI (0.642), and CI (0.630).
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FIGURE 2
 Comparison of the AUC and J values of 9 obesity-related indices for diagnosis of incidence of diabetes mellitus among (A) males and (B) females. In the male participants, LAP had the highest AUC (0.692) and J (0.282), followed by WHtR (AUC = 0.684, J = 0.255), WHR (AUC = 0.683, J = 0.256), BRI (AUC = 0.677, J = 0.240), VAI (AUC = 0.671, J = 0.267), AVI (AUC = 0.661, J = 0.226), BMI (AUC = 0.660, J = 0.202), CI (AUC = 0.630, J = 0.184), and BAI (AUC = 0.626, J = 0.184). In the female participants, LAP also had the highest AUC (0.744) and J (0.350), followed by WHtR (AUC = 0.710, J = 0.320), VAI (AUC = 0.710, J = 0.304), BRI (AUC = 0.708, J = 0.303), BMI (AUC = 0.700, J = 0.304), AVI (AUC = 0.698, J = 0.296), WHR (AUC = 0.693, J = 0.287), BAI (AUC = 0.642, J = 0.204), and CI (AUC = 0.630, J = 0.172).



TABLE 4 Area under curve (AUC), cutoff value, sensitivity, specificity, and Youden index of 9 obesity-related indices for incidence of DM in male participants.
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TABLE 5 Area under curve (AUC), cutoff value, sensitivity, specificity, and Youden index of 9 obesity-related indices for incidence of DM in female participants.
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The AUC, cutoff, sensitivity, specificity, and Youden index values of the obesity-related indices to identify incidence of DM in the male and female participants are shown in Tables 4, 5, respectively. In male participants, LAP had the highest Youden index (0.282), followed by VAI (0.267) and WHR (0.256). In addition, in female participants, LAP had the highest Youden index (0.282), followed by WHtR (0.320), BMI (0.304), and VAI (0.256).




Discussion

In this study, we investigated sex differences in the associations between nine obesity-related indices with incidence of DM after a median 4-year follow-up period. We found that all of the studied obesity indices were associated with incidence of DM in both the male and female participants. Furthermore, there were sex differences in the relationships between some of the obesity indices and incidence of DM. In the men, WHR and CI were more strongly correlated with incidence of DM than in the women, whereas LAP and VAI were more closely linked with incidence of DM in the women than in the men.

Our results demonstrate the predictive ability of obesity-related indices for incidence of DM. In the male participants, the strongest predictors for incidence of DM were LAP, WHtR, and WHR. In the female participants, the strongest predictors were LAP, WHtR, and VAI, followed by BRI. Previous epidemiologic studies have reported an association between central obesity and the incidence of DM (16–18, 33). Many obesity-related indices can be used to assess the degree of central obesity, of which LAP had the highest predictive ability for incidence of DM in both the male and female participants in the present study. In a Japanese study of 10,170 middle-aged individuals, a high LAP was associated with DM, with an OR of 19.09 (95% confidence interval: 6.57–55.50) in women and 7.40 (95% confidence interval: 5.10–10.75) in men (18). A 6-year cohort study conducted by Bozorgmanesh et al. with a total of 5,018 non-diabetic subjects also found that LAP was a strong predictor of incidence of DM in both sexes (34). LAP has two important components, namely WC and serum TG level, which reflect abdominal fat and lipid metabolism (35). Increased visceral fat and serum TG levels were linked with insulin resistance in a Japanese study of metabolically obese subjects with normal weight and glucose tolerance (36). The association between visceral fat and DM could be because adipocytokines are released by visceral fat rather than subcutaneous adipose tissue, and their circulating levels are associated with the development of insulin resistance (36, 37). Growing evidence supports that WHtR has a significant relationship with new-onset DM (38–41), and a meta-analysis found that WHtR had a higher predictive power for the risk of DM than WC and BMI (38). This could be because BMI only measures total BW and cannot discriminate between visceral adipose and skeletal muscle mass (40), while WC does not take tall and short body shapes into account. Other research has revealed an important and independent association between WHR and DM (17, 42, 43). However, the use of WHR is controversial due to its uncertain biologic interpretation, lack of sensitivity to weight gain, and high variability across age, sex, and different populations (17). Many studies have shown that BRI can be used to predict visceral fat (27), metabolic syndrome (44) and DM (19, 45). In a prospective cohort study, BRI and WHtR were shown to have a similar predictive ability for DM in hypertensive patients, possibly because both BRI and WHtR are calculated based on WC and height (46). Another useful predictor of DM is VAI, which was first described by Amato et al. as visceral adipose dysfunction associated with cardiometabolic risk in a healthy population (47). Previous studies have reported that VAI may predict DM (20, 48), and that it is an indicator of adipose tissue dysfunction (49). In addition, other studies have reported a positive correlation between VAI and adipocytokines, and this may explain the pathogenesis of developing insulin resistance (50, 51).

We also found sex differences in the predictive ability of the obesity-related indices for incidence of DM. Previous studies have demonstrated sex differences in fat distribution, and the type of fat deposition has been shown to have a varied effect on cardiometabolic risk (52–54). Many mechanisms, including fat microenvironment, cell-intrinsic features, and sex hormones have been postulated to explain the sex dimorphism in adipose distribution (52). In men, fat deposits are more likely to be centrally distributed or apple-shaped, which is correlated with an increased risk of cardiometabolic disease. In women, fat deposits are prone to peripheral fat distribution or pear-shaped, which may protect against cardiometabolic disease (52, 54). Prior studies have reported sex differences in lipid profiles. Compared to men, premenopausal women have higher levels of serum HDL, and lower levels of LDL, very-low-density lipoprotein and TGs, which may lead to a protective effect against cardiovascular disease by estrogen (55). On the other hand, excess visceral fat has been closely correlated with the impaired inhibition of free fatty acid release in response to insulin, along with hypertriglyceridemia and low HDL-C concentrations (56). Because women have a tendency to accumulate peripheral fat, elevated serum TGs along with reduced HDL-C, but not WC, may be better able to identify visceral adipocyte expansion in women. LAP is proportional to TG concentration and VAI is dependent on TG and HDL-C levels. Both can indicate the presence of extra lipid fuel and ectopic fat deposits, which increase the risk of metabolic disease. Our results suggest that abnormal lipid metabolism increases the risk of developing DM in women. In summary, this study suggested WHR and CI are more specific to men for predicting the development of type 2 DM, while LAP and VAI are more specific to women.

The strengths of this study include the large population-based investigation and follow-up of sex differences in the associations between nine obesity-related indices and incidence of DM. However, there were also some limitations. First, data on medications and other factors which could affect the findings of incidence of DM such as anti-diabetics, anti-hypertensives, lipid-lowering agents and proteinuria are not recorded in the TWB. This may have led to underestimation of the association between incidence of DM and the obesity-related indices. Second, this study was conducted in Taiwan with participants of Chinese ethnicity, and this may limit the generalizability of our findings. Third, as only approximately 25% of the enrollees in the TWB undergo follow-up evaluations, sample bias is possible.

In conclusion, we found that all nine studied obesity-related indices were significant predictors of incidence of DM, and we also found differences in the associations between the male and female participants. Hence, to better control DM, reducing body weight may be beneficial in addition to lifestyle modifications, diet control, and pharmacological interventions.
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Introduction: Low awareness of the necessity of taking medication is common among patients with diabetes mellitus (DM) due to their lack of understanding of the disease. Therefore, it is essential to determine the underlying risks influencing low awareness to design effective intervention strategies. This study aims to evaluate the association of sociodemographic and behavioural factors with low awareness to take medication among patients with DM in Indonesia.

Method: Retrospective data were obtained from the Indonesian Family Life Survey (IFLS-5), a national cross-sectional population-based survey among respondents with DM aged ≥15 years. DM status was confirmed by HbA1c testing, while sociodemographic and other health-related information was obtained from self-reported data. Gender, age, educational level, marital status, economic status, comorbidity, religiosity, residence and health insurance status were considered sociodemographic, whereas blood glucose monitoring status, sleeping problems, depression status, having a general medical check-up, satisfaction with healthcare needs and happiness status were considered behavioural risk factors. Awareness of DM medication was determined by self-reported responses to the question asked by the surveyor. Logistic regression analysis was used to evaluate the association between sociodemographic and behavioural factors and low awareness of DM medication. Odds ratios (ORs) with 95% confidence intervals (CIs) were reported.

Result: Most of the 706 respondents were female (58.8%) and aged 55–65 years (28.8%). Most of them showed low awareness of diabetes medication (87.7%). Irregular blood glucose monitoring (OR: 23.61, 95% CI 11.46–48.65; p < 0.001), without any comorbidity (OR: 2.03, 95% CI 1.05–3.90; p = 0.034), never had any general medical check-up (OR: 2.52, 95% CI 1.12–5.36; p = 0.016), 26–35 years of age (OR: 4.96, 95% CI 1.06–23.19; p = 0.042), 36–45 years of age (OR: 5.04, 95% CI 1.17–21.69; p = 0.030) and having no health insurance coverage (OR: 2.08, 95% CI 1.12–3.87; p = 0.021) were significantly associated with low awareness of diabetes medication.

Conclusion: Healthcare professionals should regularly evaluate blood glucose level, perform routine medical check-ups, prioritise patient satisfaction by providing appropriate care, involve patients in decision-making by determining their needs and then tailor an intervention to meet the need for, and improve their awareness of, DM medication.

KEYWORDS
 awareness medication, diabetes mellitus, determinants, IFLS, Indonesia


1. Introduction

Diabetes mellitus (DM) has increased drastically in the past three decades; around 422 million people worldwide have diabetes, with deaths totalling 1.5 million (1). The number of patients with DM in Southeast Asia is predicted to increase by 113 million by 2030 (2). DM ranks second among the most common non-communicable diseases in Indonesia, with a prevalence of 10.9% (3). In addition, more than half of the individuals with DM in Indonesia (73.7%) were unaware of their condition (4). Therefore, if DM is left unmanaged and untreated, it could lead to either microvascular (retinopathy, nephropathy and neuropathy) or macrovascular (stroke, cardiovascular disease and peripheral artery disease) complications (5). Unfortunately, no complete cure for diabetes has been found; thus, long-term treatment to prevent or delay complications and maintain the patient's quality of life is needed (6).

Healthcare professionals have a crucial role in developing strategies to facilitate medication adherence so that patients can optimise diabetes treatment and limit the progression of diabetes (6). This emphasises the significance of patient education and awareness of DM medication after having acquired awareness of DM (7). Thus, the first approach for healthcare practitioners could be to increase DM medication awareness. Awareness of medication was defined as a patient's common knowledge or understanding about his/her medication without direct instruction or as a sort of medication self-consciousness (8). Awareness is one of the five primary types of related concerns with the potential to improve therapy since they are obstacles to medication adherence from the patient's perspective (9). It is somewhat distinct from medication adherence, defined as the process whereby patients take their medication as prescribed (10). Inadequate medication adherence among DM patients remains a major problem leading to disease progression (11). At least 45% of treatment failures among DM patients are caused by low adherence to anti-diabetic medical treatments (12). This could lead to increases in health expenses yearly at both patient and societal levels (13).

Patients with good comprehension and high awareness of diabetic medication exhibited an improvement in their glucose control (14) and medication adherence (15). Therefore, identifying factors associated with medication awareness is an important first step to improving medication adherence. Although studies about medication awareness in patients with diabetes are limited, some studies have explored a positive correlation between the frequency of healthcare professional counselling and the patient's level of awareness to take their medication (16, 17). The Indonesian Family Life Survey (IFLS) is a longitudinal socioeconomic and health survey in Indonesia, which covers ~83% of the Indonesian population (18). Previous studies that employed IFLS-4 or IFLS-5 mostly examined the prevalence of DM and its sociodemographic risk factors (19–22). Other research evaluated the association between socioeconomic characteristics and the incidence of diabetes (23, 24). Until now, no study has investigated psychosocial and sociodemographic factors associated with medication awareness among DM patients using IFLS. It is still unclear as to which components or focal points are necessary to increase DM medication awareness in Indonesia. Therefore, addressing its fundamental causes is vital for developing effective intervention strategies. This study aims to identify sociodemographic and behavioural factors associated with low awareness of DM medication in Indonesia.



2. Methods


2.1. Study design

The cross-sectional study design utilised in this study is based on secondary data, IFLS-5. The IFLS is a longitudinal study that used a multistage stratified sample design to represent 83% of the Indonesian population (18). The IFLS sampling strategy stratified on provinces and urban/rural locations and then sampled randomly within these strata. Provinces were chosen to optimise population representation, represent Indonesia's cultural and socioeconomic variety and be cost-effective to survey, given the country's size and geography. Therefore, 13 of the 27 provinces that existed at the time were included. The IFLS randomly selected 321 enumeration areas (EA) within each of the 13 provinces, oversampling urban EAs and EAs in smaller provinces to facilitate urban–rural and Javanese–non-Javanese comparisons. Twenty households from each urban EA and 30 households from each rural EA were selected (18). The IFLS gathered sociodemographic, economic, and health status characteristics, including self-reported health status, symptoms and pain assessments, as well as biomarker assessments. Preliminary testing of the IFLS questionnaire ensured its reliability and validity before the full-scale survey was conducted (18). The ethical review boards of the RAND's Human Subjects Protection Committee (s0064-06-01-CR01) approved IFLS research. Before data collection, every respondent provided written consent (18). Approval was sought from the research ethics committee of Universitas Padjadjaran, Indonesia, which waived the requirement because this study uses anonymous data from the IFLS.



2.2. Study population

Data were collected from IFLS-5 from individuals aged at least 15 years after the survey. Individuals with available data on HbA1c and medication for chronic diseases were included.



2.3. Outcome measure

Patients with DM were defined as having an HbA1c value of ≥6.5% (25). The blood samples examined were obtained from dried blood spots (DBSs) and taken through the capillaries at the fingertips (18). These blood samples are easier to obtain than those taken through intravenous vessels and are more durable in terms of storage (26). However, the results of the HbA1c examination from DBS will first be converted to whole blood HbA1c, the gold standard of HbA1c examination, so that it can be used in the diagnosis of DM (18).

Awareness of DM medication was determined by the responses to the following question posed by the surveyor: Are you currently taking prescription medication weekly to manage your DM? Those who responded with a “yes” were considered to have a good awareness of DM medication, whereas those who responded with a “no” were thought to have low awareness. This questionnaire has been validated and involved extensive pretests and analysis of the pretest data (18).



2.4. Potential factors associated with low awareness of DM medication

Sociodemographic and behavioural risk factors were analysed as potential contributors to low awareness of DM medication. Age, gender, educational level, marital status, residency, economic status, health insurance coverage, religiosity and comorbidity status were categorised into sociodemographic and behavioural factors. At the same time, behavioural factors included blood glucose monitoring status, general medical check-ups, health care satisfaction, happiness status, insomnia and depressive symptom status.

Sociodemographic factors were age after the survey, gender (male/female), level of education (no education, elementary school, junior high school, senior high school and university), marital status (currently married and currently unmarried), residency (urban and rural) and health insurance coverage (yes and no). To assess the economic status, we divided the annual household income in rupiah by family size during the previous 12 months (per capita income). Capita income was categorised per quintile. The quintile is categorised by sorting the per capita income from lowest to highest and then dividing them into five equal groups (the first quintile = an income ≤ $77.01; the second quintile = $77.01–$256.70; the third quintile = $256.70–$483.55; the fourth quintile = $483.55–$924.7; the fifth quintile ≥ $924.7). To evaluate religiosity, we asked the question How religious are you? The individuals who said they were extremely religious or religious were classified as religious, whereas those who said they were somewhat religious or not religious were classified as non-religious (27).

Depressive symptoms were assessed using a self-reported Centre for Epidemiologic Studies Depression (CES-D) scale (18). The CES-D consists of 10 items highly linked to the presence of depressive symptoms (28). Eight of the questions examine the negative symptoms of depression (e.g., I felt fearful and lonely), whereas the other two examined the positive symptoms (e.g., I felt hopeful about the future). The respondents stated how frequently each item applied to them in the previous week using a four-point Likert-type scale (0 = rarely or never, 1 = some or little, 2 = moderately or much of the time, and 3 = frequently or almost always). After reversing the positive mood items, the total score is obtained by summing all elements. An individual with a total score of ≥10 is deemed to have depressive symptoms (29). The CES-D questionnaire was translated into Indonesian (forward translation) and then re-translated separately into English by two translators (back translation) (18).

Ten Patient-Recorded Outcomes Measurement Information System (PROMIS) questions were used to assess the severity of insomnia (18). Each measure of sleep quality and sleep impairment during the previous week was determined using a set of five items (30). Each item was rated using a five-point Likert-type scale (0 = never/not at all; 1 = a little bit; 2 = somewhat; 3 = quite a bit; 4= always/very much). Insomnia was defined as a total score of ≥21–40 (31). The PROMIS questionnaire was translated into Indonesian (forward translation) and then re-translated separately into English by two translators (back translation) (18).

The question Has a doctor/paramedic/nurse/midwife ever told you that you have the following chronic ailments or diseases? was used to evaluate whether the individuals had comorbid disease status, with the following potential responses: hypertension; DM; TB; asthma and other chronic lung diseases; cardiac disease (heart attack/coronary heart disease/angina or other heart diseases); liver disease; stroke; cancer or other malignancies; gout/uric acid; depression and vision and hearing abnormalities (27). Individuals who responded only with DM were classified as having no comorbidity. Individuals who responded with DM and one to three additional chronic diseases were classified as having 1–3 comorbidities, whereas individuals with four or more comorbidities were classified as having >4 comorbidities.

Individuals' response to the question How regularly do you have your blood glucose checked? determined the classification of blood glucose monitoring status as either regular or irregular. Individuals' response to Have you had a general check-up in the recent 5 years? as either yes or no determined one's status as having/not having had a general medical check-up. Happiness level was determined by asking Overall, how would you describe the current state of these days? Would you say you are very happy, happy, unhappy or very unhappy? (27). Those who responded with very happy or happy were categorised as happy, whereas those who responded with unhappy or very unhappy were categorised as unhappy. Satisfaction with healthcare was measured with the question In relation to your healthcare, which of the following is true: it is less than adequate for my needs; it is just adequate for my needs or it is more than adequate for my needs? (27). Low healthcare satisfaction corresponds to the response “it is just less than adequate for my needs,” and high healthcare satisfaction corresponds to “it is just adequate for my needs” or “it is more than adequate for my needs.”



2.5. Statistical analysis

Descriptive statistics were used to summarise the characteristics of the individuals. Awareness of DM medication was estimated for each age group and gender. The Little test was performed to assess whether the incomplete data type was classified as Missing Completely At Random (MCAR). The Little test assumes that the missing-ness of the data is independent of both observed and unobserved data, thus, a p > 0.05 is considered MCAR because it is asymptotically distributed under the null hypothesis that there are no differences between the observed and unobserved data (32). Since the missing data were MCAR (p > 0.005), complete case analyses could be carried out (32). A Chi-square test was conducted to evaluate the bivariate relationship between the individuals' characteristics and outcomes. The potential factors related to the outcome in the bivariate analysis at a significance threshold of p < 0.25 were included in the initial multivariate model. To determine the odds ratio (OR) with a 95% confidence interval (95% CI), multivariate logistic regression with manual backward elimination was used. The p-values for the factors included in the final model were all fixed to p < 0.05. The Hosmer–Lemeshow test was used to assess the goodness-of-fit statistic; R-squared is a number ranging from 0 to 1, indicating how much the combination of independent factors influences the value of the dependent variable at the same time (33). All statistical analyses were performed using Stata software version 14.0 for Windows.




3. Results


3.1. General characteristics of the study population

A total sample of 706 individuals without missing data on awareness of DM medication was included in this study. The majority of the respondents were female (58.8%) and aged 55–65 years (28.8%; Table 1). A high proportion of individuals had irregular blood glucose monitoring (90.1%), with most of them (88.4%) not having undergone a general medical check-up. Approximately half of the individuals were not covered by health insurance (50.4%) and had no comorbidities (50.1%). Out of the total respondents, 22.1% experienced depression, whereas 85.9% had insomnia.


TABLE 1 Baseline characteristics of the study population.
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3.2. Risk factor of low awareness of DM medication

The prevalence of low awareness of DM medication was 87.9% in females and 86.0% in males. Gender, educational level, marital status, economic status, religiosity, happiness status, insomnia and depressive symptoms were not statistically significant differences between the low-awareness DM medication group and the high-awareness DM medication group (Table 1). Age, residency, health insurance coverage, blood glucose monitoring status, comorbidities and general medical check-up were selected as potential factors associated with low awareness of DM medication on the basis of bivariate analyses. In the multivariate model, irregular blood glucose monitoring (OR: 23.61, 95% CI 11.46–48.65; p < 0.001), having no comorbidity (OR 2.03, 95% CI 1.05–3.90; p = 0.034), not having undergone any general medical check-up (OR 2.52, 95% CI 1.12–5.36; p = 0.016), 26–35 years of age (OR 4.96, 95% CI 1.06–23.19; p = 0.042), 36–45 years of age (OR 5.04, 95% CI 1.17–21.69; p = 0.030) and having no health insurance coverage (OR 2.08, 95% CI 1.12–3.87; p = 0.021) were significantly associated with low awareness of diabetes medication (Table 2). The goodness-of-fit p-value of the model was 0.552, with an R-squared value of 34.71%.


TABLE 2 Association between sociodemographic and behavioural factors and low awareness of diabetes mellitus medication.
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4. Discussion

This study revealed that more than three-quarters of DM patients had low awareness of their medication therapy. This implies that only one out of four patients had high awareness of their medication therapy. Age and healthcare insurance coverage are sociodemographic factors associated with awareness of DM medication, whereas blood glucose monitoring status, comorbidity status, and having a routine medical check-up are behavioural factors associated with awareness of DM medication.

We observed that the young (26–35 years old) and middle (36–45 years old) adulthood were associated with low awareness of DM medication, similar to what a Malaysian study revealed (34). This might be due to the old misconception that DM is a disease that primarily only affects the elderly (35). However, the prevalence of type 2 diabetes in adolescents and adults is dramatically increasing due to unhealthy lifestyles and obesity, which has a more aggressive disease profile, leading to premature complications that affect the quality of life and long-term outcomes (36).

In this study, coverage of health insurance and awareness of DM medication were observed to be in significant association. Individuals with no health insurance were twice as likely to have low awareness of their medication therapy when compared with those who have health insurance. This might be because self-paying DM patients may have high substantial medical expenses or financial issues. In turn, this may lead them to forego diabetic care as well as DM medication that would otherwise help them survive their conditions (37). Another possible explanation for this is that patients without medical insurance more likely skip regular medical care (38) and do not acquire better education, which may lead to low awareness of DM medication therapy.

We further observed that the number of comorbidities had a significant association with awareness of DM medication. This study revealed that individuals with no comorbidities were twice as likely to have low awareness of their DM medication when compared with those with 1–3 comorbidities. This finding is in line with the results of a study conducted in Malaysia reporting that patients with comorbidities had a high level of awareness; however, their level of self-care practise for diabetes remained low (39). Other recent qualitative research showed that patients with no comorbidities felt they may have prevented disease progression had they been given a more detailed explanation of their situation earlier as they were unaware of the risk factors, complications, and comorbidities (40).

DM individuals with irregular blood glucose monitoring likely had low awareness of their medication therapy when compared with individuals with regular blood glucose monitoring. The possible reason is perhaps that patients with regular blood glucose monitoring were more conscious of the consequences of not taking the drugs appropriately (41). DM patients who never had general medical check-ups were twice as likely to have low awareness of DM medication when compared with those who had had a general medical check-up. This might be because general medical check-ups provide health-related information, help identify issues early, assist in planning treatments as well as improve the awareness of medication (42).

A majority of the sociodemographic factors were not associated with low awareness of DM medication. Sociodemographic factors, such as marital status, may be overly generic when predicting an individual's DM medication awareness. A study revealed no correlation between gender and low awareness of DM medication (43). However, males were reported to be less aware of DM than females were (44, 45). Furthermore, in our study, educational level is not related to medication awareness as health literacy may be more essential than educational level (46). By contrast, another study found individuals with higher educational levels to have more awareness (47). The current study also found residency not to be associated with low awareness of DM medication, contradicting the results of a previous study, which reported a correlation between urban residence and high awareness of DM medication as urban residents seek therapy more often and have easier access to care (48). Moreover, religiosity was not associated with DM medication awareness in this study. This finding is contrary to the results of previous studies suggesting that, in terms of providing assistance and coping with a disease condition, religiosity played a significant role (49, 50). We further observed that depressive symptoms, happiness, insomnia and satisfaction with healthcare are not associated with low awareness of DM medication therapy. Previous studies have reported that depressive symptoms (51), insomnia (52), and happiness (53) were not associated with awareness of DM medication, which is in line with the present results. By contrast, in previous studies, the individuals more satisfied with their healthcare were possibly more aware of their DM medication (54, 55).

The awareness of DM patients about their medication is crucial for ensuring that they take their DM medication as prescribed to avoid any complications or associated morbidities and mortality (56). These findings may help us understand the significance of the issue of awareness of DM medication as well as offer potential solutions. During the early stages of the disease, it may be necessary for patients to be better informed to increase their awareness of DM medication, particularly among those at high risk of developing comorbidities and complications (57). To raise patients' awareness of DM medication, healthcare professionals are essential information resources and play a leading role in the awareness-raising effort (58). Patient education can be improved by first determining the individual's learning needs and then providing them with individualised educational interventions tailored to meet their requirements (59). This study, thus, advocates for better management of DM by inquiring about medication adherence during clinical consultations and improving the quality of DM care. Furthermore, patient education, counselling and behavioural support are critical for achieving successful DM medication therapy. These tailored interventions could be effective in clarifying misconceptions and help clear up any misunderstandings to increase their level of awareness (60). In addition, healthcare professionals should monitor blood glucose, perform general medical check-ups regularly, prioritise patient satisfaction by ensuring that they receive appropriate care and establish a respectful and caring relationship with patients by involving them in decision-making (61). The current findings may be useful as a point of reference for healthcare professionals, addressing factors related to low awareness of DM medication (Figure 1).


[image: Figure 1]
FIGURE 1
 Problems, challenges and solutions to increase the level of awareness of diabetes mellitus medication in Indonesia.


Until now, the present study appears to be the first to assess the awareness of DM medication and its associated factors in Indonesia. The study's strength is that we used the IFLS data, which represents 83% of the Indonesian population with an attrition rate of only 6%. The IFLS provides numerous benefits, including large samples, which are relatively heterogenous, less expensive than collecting new data and representative of the Indonesia setting. Besides, in this analysis, individuals were included on the basis of an objective measurement of HbA1c >6.5%, providing a more objective individual selection and avoiding selection bias. Despite its strengths, the study certainly has certain limitations related to methodological issues. First, notably, the cross-sectional design of the study precludes any causal inferences regarding the relationship between sociodemographic and behavioural factors and low awareness of DM medication. Second, since we performed a complete case analysis, it may have reduced the statistical power, probably increasing the possibility of bias in our estimation, which might be an overestimation or underestimation of conclusions. Third, we have a wide CI value, indicating a greater likelihood of uncertainty regarding whether we have precisely estimated the strength of the association. Fourth, this study was at risk to recall bias due to disparities in accuracy in recalling past events based on self-reported answers from several variable independents. Fifth, this study was unable to distinguish between DM types 1 and 2. Sixth, as we relied on a secondary database that provides binary outcomes for the awareness, it might not be adequate to explain the multidimensional aspects of behavioural science (62). Further studies are needed to consider these aspects when assessing awareness of medication. Seventh, our model's overall association was low, indicating the possibility of other unmeasured factors influencing the low awareness of DM medication, such as another comorbid disease such as kidney disease (63), healthy lifestyle (64), education about DM (65), the number of medicines in the therapy (66), duration of DM (67), ethnic background (68) or medication beliefs (69).



5. Conclusion

Healthcare professionals should monitor blood glucose, perform general medical check-ups regularly, prioritise patient satisfaction by ensuring that they receive appropriate care and establish a respectful and caring relationship with patients by involving them in the decision-making process. Patient education can be improved by first determining the individual's learning needs and then providing them with individualised educational interventions tailored to meet their requirements in order to improve their awareness of DM medication. Therefore, our findings reveal the need to develop intervention strategies targeting those who irregularly monitor their blood glucose level; who irregularly undergo general medical check-ups, with multiple comorbidities; who have no health insurance coverage and who are young.
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Objective: We aimed at summarizing the perceptions and responses to cognitive decline, assessing the disease management, identifying deficiencies and proposing new strategies for improvement in people with diabetes (PWDs).

Methods: A comprehensive search was performed in the following nine databases: PubMed, EMBASE, Web of Science, The Cochrane Library, PsycINFO, CINAHL, WanFang, CNKI, and VIP. The Joanna Briggs Institute (JBI) Critical Appraisal Tool for qualitative research was utilized to evaluate the quality of included studies. Descriptive texts and quotations relating to patient experience were extracted from the included studies and thematically analyzed.

Results: Eight qualitative studies met the inclusion criteria and 2 overarching themes were identified: (1) self-perception of cognitive decline referred to perceived cognitive symptoms, lack of knowledge and, impaired self-management and coping in multiple methods; (2) reported benefits of cognitive interventions referred to how cognitive interventions improved disease management, attitudes and needs of PWDs.

Conclusion: PWDs described misconceptions about their cognitive decline and suffered from them during disease management. This study provides a patient-specific reference for cognitive screening and intervention in PWDs, supporting disease management with cognitive decline in clinical practice.
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1. Introduction

Diabetes mellitus is a chronic metabolic disease that damages human health (1). Owing to an aging population and the growing number of people with obesity, diabetes has affected ~537 million people worldwide with an increasing prevalence (2). The comorbidities accompanied with diabetes also deteriorate people's quality of life, especially cognitive impairment which is associated with increasing risk of mortality (3). Studies have shown that cognitive decline in people with diabetes (PWDs) progresses twice as fast as normal aging, and more likely develops into Alzheimer's disease and dementia (4–6).

PWDs have to hold complex and perpetual self-management to maintain their health and independent lifestyle, all of which may be disorganized by cognitive decline (7, 8). PWDs with worse self-management and other complications such as hypoglycemia and depression are more prone to cognitive impairment (9). A recent population-based cohort study suggested that poorly controlled diabetes was associated with double the risk of cognitive impairment and triple the risk of cognitive impairment progressing to dementia (10). PWDs will be caught in a vicious circle and unable to coexist with the disease along with decreasing quality of life, shorter life expectancy and higher mortality due to cognitive decline (11, 12). Therefore, it is critical for PWDs to timely and effectively improve and strength their disease management ability weakened due to cognitive decline.

Although cognitive decline can have deleterious effects, it is not irreparable. Studies have shown that ~10–40% of people with mild cognitive impairment (MCI) may return to normal cognitive performance within ~4–5 years (13). Cognitive interventions may also have a positive effect on cognitive decline in PWDs (14). However, there are various types of cognitive impairment, and different people have great heterogeneity in the symptoms they perceive and the ways they deal with cognitive impairment. A number of studies have explored the impact of cognitive decline on specific components of self-management in PWDs. Evidence has shown that global cognitive decline is mainly associated with poor medication management in PWDs (15), such as lower insulin self-injection knowledge (16), less responsibility for self-medication (17), improper filling (18) and being less likely to take oral medications on time (19). PWDs are also less likely to engage in glucose self-monitoring and use health care clinics properly (17, 19). Furthermore, a significant association was found between global cognitive decline and diet adherence (20). Nevertheless, specific symptoms and performances of disease management among PWDs with cognitive decline have not been systematically evaluated and synthesized.

Neuropsychological tests are now commonly used to assess PWDs' cognitive function. Common instruments are based on theoretical knowledge, statistical methods and diagnostic criteria, without a systematic qualitative research, which probably leads to omissions when mild cognitive changes are assessed (21, 22). Qualitative methods have the strength of addressing highly nuanced and contextualized aspects of a subjective experience (23). There is already a substantial literature dealing with the qualitative exploration of the lived experience of people with dementia (24–27). However, the qualitative description of the experiences underlying cognitive complaints has only recently been pursued with PWDs.

This study aimed at summarizing the perceptions and responses to cognitive decline in PWDs, assessing the disease management, identifying deficiencies and proposing new strategies for improvement.



2. Methods

This study adhered to the Preferred Reporting Items for Systematic review and Meta-Analysis guideline (PRISMA) (28). The study protocol was registered in PROSPERO with the registration number CRD42022301334.


2.1. Data source and search strategy

Two independent reviewers performed a comprehensive search in the following nine databases: PubMed, EMBASE, Web of Science, The Cochrane Library, PsycINFO, CINAHL, WanFang, CNKI, and VIP. The search period ended in January 2022. Search strategies for all databases are listed in Supplementary Table S1.



2.2. Eligibility criteria

We included qualitative studies conducted in individual with type 1 diabetes or type 2 diabetes published in a peer-reviewed journal in either English or Chinese language. Studies including people without diabetes were considered only if they specifically reported results for PWDs. The included studies should examine perceptions and/or experiences of cognitive decline, thoughts, attitudes, feelings and views. Studies were excluded if they did not meet the above criteria.



2.3. Data selection and extraction

Two reviewers independently screened all papers according to the eligibility criteria (defined earlier), extracted and cross-checked the data. The following information was extracted: the surname of the first author and publication year; location; sample; PWDs' age; method/theory; data collection methods; research objective. Themes from the study's result section and participants' direct quotations were extracted as findings. For studies without direct quotes, the researchers extracted appropriate text after repeatedly reading the narrative. Extracted data were then imported into MS Excel for further coding and integration. Discrepancies between reviewers were resolved through discussion or by referring to a third reviewer.



2.4. Quality assessment

The methodological quality of the included studies was independently assessed for quality by two reviewers using the criteria based on the JBI Critical Appraisal Tool for qualitative research. Each checklist item was graded as “Yes,” “No,” and “Unclear.” The two reviewers shared the results of the checklist and arrived at a consensus.



2.5. Data synthesis and analysis

Thematic synthesis was used to analyze the qualitative data from the included papers (29). Two reviewers coded text fragments for similarity. All extracted results were read repeatedly to extract concepts for coding. Individual codes were then combined into groups and summarized by descriptive themes. Subthemes were used to further refine and categorize descriptive themes. Finally, distinct analytical themes were defined. The contents were organized into a structured hierarchy reflecting the content of the included studies. Distinct analytical themes were defined. The synthesized results reinforced the of current knowledge and generated new insights.




3. Results


3.1. Study selection

The initial search produced 4,556 articles after excluding duplicates, which were further reduced by 4,509 after excluding articles based on reviewing the titles and abstracts. Full texts of the remaining 49 articles were retrieved and a further 41 articles were excluded after review. Figure 1 shows the document selection process. Two of the papers were selected from the reference list of the included studies. Overall, eight qualitative studies were selected for inclusion.


[image: Figure 1]
FIGURE 1
 Flowchart of the study.




3.2. Study characteristics

Inclusive study characteristics are shown in Table 1. Studies were conducted in the United Kingdom (n = 2), United States (n = 3), China (n = 1), Germany (n = 1), and New Zealand (n = 1). All included studies reported their sample size, which varied from 7 to 30 participants. All eight papers had participants with diabetes making a total sample size of 127. The JBI total score for each study is provided in Table 2. The quality of included studies varied considerably, with scores ranging from 60 to 90%.


TABLE 1 Characteristics of included studies.
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TABLE 2 Quality assessments.
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3.3. Data synthesis

Two overarching themes were identified: self-perception of cognitive decline, and reported benefits of cognitive interventions. Supplementary Table S2 provides an overview of the two overarching themes and their sub-themes, with illustrative quotes from participants and a list of the codes.


3.3.1. Self-perception of cognitive decline
 
3.3.1.1. Underestimatione of cognitive decline associated with diabetes

Two studies reported participants' dissociative cognitive decline with diabetes and their unawareness of the link between diabetes and cognitive decline (33, 35). Unsurprisingly, cognitive problems were attributed to aging and considered to be a normal part of the aging process, albeit some participants were not elderly (33–35, 37). Persons appeared to treat the corresponding symptoms as common and ordinary and not as a problem with their cognitive health (37). In three studies, health care providers did not provide information about the association between diabetes and cognitive decline, which participants rarely acquired through other means (34, 35, 37). Only a few participants knew a little about the dangers of hypoglycaemia on cognitive function (33, 35).



3.3.1.2. Suffering from cognitive symptoms

The most common symptom was deterioration in memory capacity. PWDs found themselves had significantly reduced memory capacity, especially short-term memory (32–35). Inadequate attention was another common symptom, with participants reporting the inability to concentrate and lack of interest (32). PWDs reported difficulties in generating thoughts and responses and/or maintaining psychomotor skills (31, 32, 37). In a single study, some PWDs who were aware of their cognitive dysfunction developed a sense of shame, remaining silent for fear of stigma (32).



3.3.1.3. Impaired diabetes self-management

Cognitive decline causes many difficulties for PWDs in the disease management and their daily activities. This extends to patients' ability to use and implement new knowledge in their everyday life (30). Medication non-adherence was a common finding as participants forgot to take their medication, resulting in unstable blood glucose levels and hospitalization (31, 33, 35, 36). A planned diets also became difficult to implement as plans are time-consuming and easy to forget (32, 33, 35). Participants often forgot the sequence of care routines leading to a loss of confidence in self-management of the disorder (31, 37). In addition, cognitive decline affected the their ability to care for family, work, and maintain social relationships, leading to problems with social functioning and the patient's quality of life (37).



3.3.1.4. Coping in multiple methods

Although cognitive decline disabling, many PWDs devised useful ways to actively cope with the problem. Some PWDs educated themselves through books or online to compensate for their lack of knowledge on the disease and the knowledge from health care providers (33, 37). Many PWDs implemented compensatory strategies such as list-making or other mnemonic devices to mitigate deficits in attention/orientation (33, 34, 37). This ensured work or life balance (37). Many other methods were used to promote cognitive health such as having a hobby, doing physical activity, playing video games, dieting and having social interactions (33, 37). Participants often acknowledged the cognitive benefits of these approaches without verifying whether these methods really work.




3.3.2. Reported benefits from cognitive interventions
 
3.3.2.1. Benefiting from cognitive interventions

PWDs received cognitive interventions in two studies, including educational sessions teaching compensatory cognitive strategies and online brain training programs (33, 34). They benefited from these interventions, supporting an improved diabetes management. Some participants learned the content of the intervention and applied the cognitive strategies to their long-term practice (33). After taking educational sessions, PWDs used to interact better with their health care providers, for example asking to assess a potential vitamin B12 deficiency associated with metformin use or requesting to perform additional tests for the measurement of cognitive deficits (34). Through practice of cognitive strategies in the class, PWDs were also facilitated to think about and use cognitive strategies in the process of disease self-management thus helping them to manage their progress as well as consider the basis for many other methods (34). Some PWDs realized that the effects of the intervention were both short-term and long-term. The short-term effect resulted from learning to think better and using cognitive strategies, while the long-term effect was related to better diabetes management such as improved blood glucose, cholesterol, blood pressure, and cognitive function (34). Most participants had a sense of achievement and felt that the intervention had helped to improve their “mental capacity and flexibility in planning cognitive strategies” (34).



3.3.2.2. Attitude to cognitive interventions

Most participants had a positive attitude and a strong interest in cognitive interventions. They anticipated learning a myriad of better ways of cognitive brain function through the intervention, believing it would improve cognition (33). In addition, most participants appeared to appreciate the clarification of cognitive content, as information overload proved overwhelming as it introduced uncertainty and fears about being misled. The ability of health care providers to clarify this information made them feel reassured and helpful (34). Participants were not just interested in cognitive interventions but appeared willing and ready to participate (33). PWDs' attitudes were also influenced by the content and form of the intervention (33). Mainly, PWDs had intrinsic and extrinsic motivations to participate in the intervention. Encouragement and support from health care professionals also were important drivers (34).

However, significant barriers also existed, such as the time factor. People's attendance was adversely affected when course or group meeting times clashed with participants' working hours or appointments (33, 35). Additionally, some people had difficulty planning or implementing their plans, which prevented them from attending sessions on time (34). Others found it difficult to change habits. Consequently, this made the intervention ineffective and caused participants to lose faith in the intervention, and finally, drop out of the sessions (34).



3.3.2.3. Preference for cognitive interventions

PWDs were expected to learn better cognitive strategies to improve cognitive functioning (34, 37). A wide range of content was recommended as specific areas of interest, which included understanding how diabetes affects cognitive function, cognitive decline coping skills during diabetes self-management, discussing the association between diabetes-related stress and cognitive function, and learning how to integrate a “brain-healthy” lifestyle, especially as it relates to diet, in routine activities (33). Participants appeared keen to understand the link between diabetes and cognitive decline and be informed at the time of diagnosis for early preparation for the onset of cognitive problems (33). PWDs with cognitive problems needed information about treatment options such as diet and medication (35). The studies also recommended focusing on teaching cognitive strategies that can improve quality of life (33). Patients' inattentiveness as a result of cognitive dysfunction creates a sense of helplessness over their illness and triggers anxiety, therefore exercises are required to improve these problems as a matter of priority such as meditation and deep breathing (34). Some people preferred a group format for interventions, as they wanted to “learn cognitive strategies from each other and share ideas” and acquire new knowledge (33).






4. Discussion

This is the first study that systematically reviewed the performances of disease management in PWDs during their cognitive decline. The findings showed that PWDs often experienced cognitive symptoms without recognizing pre-existing cognitive decline. In terms of self-response, they tried various methods to deal with cognitive decline with no certainty that these approaches could be effective. The cognitive interventions supported PWDs with increasing knowledge and practical strategies to better manage their disease.

In our findings, PWDs often perceived their own cognitive problems they were experiencing as normal part of aging, although some people did not fit this profile. Consistently with our findings, a review of the qualitative literature found that normal aging was the most common cause attribute to the self-perceived cognitive changes (21). Age, vascular and metabolic risk factors are related to mild cognitive impairment and dementia (38). As a most common metabolic risk factor, diabetes may aggravate cognitive decline with age, which is obviously ignored by PWDs. Lack of knowledge prevents them from recognizing cognitive decline in time and reduces the efficacy of self-management, including medication compliance, a proper diet and the application of new knowledge (39). Therefore, providing a timely education to PWDs may support them in preventing and managing the development of cognitive impairment.

Although PWDs reported many methods used to cope with cognitive decline, these methods appear to be applicable to various scenarios of daily life and not be diabetes-specific. Our results cannot reveal how PWDs adapt diabetes self-management strategies to cope with cognitive decline, which requires more in-depth research to explore. However, it may also suggest that PWDs cannot cope with the disruptions in diabetes management caused by cognitive decline on their own and they need external help and support.

Furthermore, based on our findings, PWDs with cognitive impairment did not receive adequate medical, educational, or emotional support from their health care providers. Although they adapted a variety of methods to help themselves cope with difficulties caused by cognitive impairment, support from health care providers means a lot to them. There are several possible reasons for this. First, a lack of awareness and comprehension of the co-occurrence of these disorders among health and social care providers might result in their inability to recognize and promptly treat cognitive impairment (40). Health and social care providers generally lack the awareness of the bidirectional relationship between diabetes management and cognitive impairment, resulting in an increased risk of diagnostic and treatment deficits (40, 41). Although the benefits of routine cognitive screening in PWDs have not been determined (42), health care providers should be alerted to memory complaints developed in PWDs or their caregivers. Thus, health care workers need to improve their understanding of the relationship between diabetes and cognitive impairment to reduce the impact of the disease and ameliorate clinical outcomes.

Secondly, although several guidelines have provided some relevant management recommendations, there is a lack of a comprehensive guidance for the clinical management of patients with diabetes and cognitive impairment. The American Diabetes Association (43), a UK Multidisciplinary National Expert Working Group (40), the American Association of Diabetes Educators (44) and the Chinese Medical Association (45) provide optimal practice guidance for healthcare professionals caring for patients with diabetes combined with cognitive impairment or dementia. Global guidelines from the International Diabetes Federation on managing older patients with type 2 diabetes provide the earliest suggestions for looking after patients with different functional deprivations, including frailty and dementia. While the guidelines have been well-received, their recommendations are not based on evidence of effectiveness in clinical practice (46). These guidelines need to be updated and improved as more contemporary evidence-based results become available.

Currently, there is no specific treatment plan for PWDs with mild cognitive impairment or dementia. The novel SGLT2 inhibitors have the potential to prevent and improve the cognitive decline associated with type 2 diabetes. The mechanisms underlying the development of cognitive impairment in PWDs have not been fully elucidated, but the available evidence suggests a possible combination of vascular damage, chronic inflammation and neurodegenerative pathology (11). Animal experiments showed that SGLT2 inhibitors have neuroprotective, anti-inflammatory, oxidative stress-reducing and anti-atherosclerotic effects (47). Carmen et al. found that empagliflozin reduced vascular damage and cognitive impairment in a mixed murine model of Alzheimer's disease and type 2 diabetes (48). However, we have little information on how SGLT2 inhibitors affect cognitive decline in clinical diabetes (49). Serena et al. found that a SGLT2 inhibitor was positively associated with better cognitive scores in a cohort of patients with diabetes (50). A prospective study showed significant beneficial effects of empagliflozin on cognitive and physical decline in frail older adults with diabetes and heart failure with preserved ejection fraction (51). New studies are needed to substantiate the benefits of SGLT2 inhibitors on cognitive impairment in people with type 2 diabetes.

Cognitive training was beneficial in PWDs. Cognitive training is a common non-pharmacological intervention to treat people with cognitive impairment (45). An eight-week, nurse-led study of a cognitive training intervention conducted in people with type 2 diabetes found that 58% of participants stated the intervention helped their diabetes self-management, and 74% expressed the desire to continue using the learned cognitive strategies (52). Another online cognitive intervention study found that individuals with diabetes improved scores on self-management, cognition and self-efficacy, with an increased adherence to a proper diet and medications (53). These findings are consistent with our results. We showed that PWDs were particularly interested in cognitive training, as well as lifestyle interventions aimed at improving cognitive function. Cognitive training allows PWDs to gain a sense of accomplishment, learn new skills and reduce anxiety. In previous studies, cognitive training improved cognitive skills or daily activities in the average population with mild cognitive impairment or mild to moderate dementia (54, 55). However, some studies have shown different results. Wong et al. found that the combination of patient empowerment and cognitive training did not improve glycemic control or self-care activities in older PWDs with memory complaints (56). A systematic review found moderate strength of evidence that cognitive training may improve performance in trained cognitive domains (57). The reasons for these opposite findings may be due to different study participants and methodological discrepancies, including incompatible treatments and dissimilar treatment durations. Large-scale and high-quality studies are needed in the future to demonstrate the types of cognitive interventions that can be successfully utilized in clinical practice.



5. Strengths and limitations

To our knowledge, this is the first qualitative systematic review that specifically addresses cognitive problems in PWDs by identifying how they perceive and experience their cognitive problems and describing the impact of cognitive problems on their daily lives. The explicit and comprehensive search strategy reported quality appraisal of the included studies and data synthesis process. Nevertheless, the study had several limitations. The first is the small sample size of the included articles. However, the included articles were heterogeneous in design so they were representative of diverse patient populations although they cannot be generalized. Second, we included three studies published by Cuevas et al., suggesting a potential bias. However, we conducted a comprehensive literature search with a rigorous screening, ensuring the reliability of our results. The thematic analysis was an interpretative process and the outcomes were validated by the co-authors, thus there was the potential for other interpretations. Finally, the exclusion of languages other than English or Chinese meant relevant studies published in other languages may have been overlooked.



6. Conclusions

This study showed that cognitive problems often occur among PWDs, seriously affecting their self-management and daily life activities. This phenomenon has received little attention from healthcare professionals, with limited patient education or treatment interventions. Given the deleterious effects of cognitive impairment on PWDs, healthcare providers should focus more on cognitive performance, facilitating and supporting treatments and interventions for cognitive impairment. Health education in PWDs might help them self-monitor and identify cognitive impairment. New studies will explore effective cognitive interventions in large-scale trials.
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Aim

To evaluate the effects of a multimodal intervention (including exercise training, psychosocial interventions, nutrition coaching, smoking cessation program, medical care) on the health and long-term cardiovascular disease (CVD) mortality risk of company employees with pre-diabetes or diabetes mellitus (DM) at high CVD risk.



Methods

In the PreFord study, German company employees (n=4196) participated in a free-of-charge CVD mortality risk screening at their workplace. Based on their European Society of Cardiology – Systematic Coronary Risk Evaluation score (ESC-SCORE), they were subdivided into three risk groups. High-risk patients (ESC-SCORE≥5%) were randomly assigned to a 15-week lifestyle intervention or usual care control group. Data from patients with pre-DM/DM were analyzed intention-to-treat (ITT: n=110 versus n=96) and per protocol (PP: n=60 versus n=52).



Results

Body mass index, glycated hemoglobin, total cholesterol, low-density lipoprotein, triglyceride levels as well as systolic and diastolic blood pressure improved through the intervention (ITT, PP: p<0.001). The ESC-SCORE markedly decreased from pre- to post-intervention (ITT, PP: p<0.001). ESC-SCORE changes from baseline differed significantly between the groups, with the intervention group achieving more favorable results in all follow-up visits 6, 12, 24 and 36 months later (at each time point: ITT: p<0.001; PP: p ≤ 0.010).



Conclusion

The study demonstrates the feasibility of attracting employees with pre-DM/DM at high CVD mortality risk to participate in a multimodal lifestyle program following a free CVD mortality risk screening at their workplace. The lifestyle intervention used in the PreFord study shows high potential for improving health of company employees with pre-DM/DM in the long term. ISRCTN23536103.
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1 Introduction

Cardiovascular diseases (CVDs) are the leading cause of premature death (1, 2). Thus, reducing the incidence of CVDs is of high public health importance. A meta-analysis from observational studies has shown that a healthy lifestyle can reduce the risk of developing CVDs by up to 66% (3). Preventive measures aimed at lifestyle changes can therefore be helpful to reduce individual mortality risk. In the PreFord study (4), German company employees of the Ford Motor Company (n=4196) participated in a free-of-charge CVD mortality risk screening at their workplace. The participants were then subdivided into three risk groups based on their risk factors, quantified by the European Society of Cardiology – Systematic Coronary Risk Evaluation score (ESC-SCORE), which is an established metric to estimate the risk of fatal cardiovascular events with a high accuracy for Germans and other Europeans (5, 6). Employees with a high risk score (ESC-SCORE ≥ 5%) were randomly assigned to a multimodal lifestyle intervention group (receiving exercise training, psychosocial interventions, nutrition coaching, smoking cessation program, medical care) or to a usual care group (receiving medical care only).

Large-scale observational studies show that patients with diabetes mellitus (DM) have a drastically increased risk of cardiovascular events and CVD mortality (7–9). As lifestyle changes can help reduce cardiovascular risk, patients with pre-DM and DM should optimize their lifestyle as early as possible. Unfortunately, these patients are often very difficult to motivate for lifestyle changes; moreover, there might be several psycho-social barriers (10). When they participate in an intervention program, achieving sustainable effects is usually challenging, due to low program adherence and high drop-out rates (11).

This secondary analysis of the PreFord study data explores the direct effects of the study’s 15-week multimodal lifestyle intervention on the ESC-SCORE and other health-related variables in the pre-DM/DM subgroup. Long-term effects on the individual cardiovascular risks and the program’s efficiency for patients with pre-DM/DM are discussed, considering that aggressive programs for lifestyle changes are urgently needed to account for an increasing incidence and prevalence of DM (12, 13).



2 Methods


2.1 PreFord study


2.1.1 Study design

The PreFord trial was designed as a randomized controlled, multicenter clinical study. The study design has already been described in detail (4). The study protocol in line with good clinical practice has been approved by the Ethics Committee of the University of Cologne (ref: 03-217) and the Ethics Committee of the North Rhine Medical Association (Ärztekammer Nordrhein, ref: 2004079). Subjects gave their written informed consent prior to the start of the study.



2.1.2 Subjects

Employees of the Ford Motor Company Germany (>15.000) were invited to participate in a free-of-charge cardiovascular medical check-up (T0) and to determine their ESC-SCORE which reflects personal risk of cardiovascular events. The score was calculated by an independent statistics institution (Institute of Medical Statistics, Informatics and Epidemiology, University of Cologne). Age, blood pressure, smoking habits and total cholesterol values were recorded for risk assessment. Inclusion criteria were defined as follows: an ESC-SCORE ≥ 5% (high-risk group) and the ability to exercise. Exclusion criteria were defined as follows: exercise-limiting diseases, history of cardiovascular disease, cancer, pregnancy or severe mental disorders.



2.1.3 Lifestyle intervention

Subjects were randomly assigned to the intervention (INT) group or the usual care control (CON) group by block randomization 1:1. The computer-generated random list was provided by the Clinical Trial Center Cologne. Study personnel assigned participants to the INT or CON group according to this random list. The 15-week multimodal lifestyle intervention (Table 1) was supervised by professional health care specialists (medical doctors, exercise physiologists, psychologists, and nutritional coaches). The intervention was performed in small groups twice a week for 2.5-3 hours per session in two rehabilitation centers in Cologne, Germany. Further details about the program are available in the publication of Gysan et al. (4). All employees who participated in the intervention program were examined immediately after the intervention (T1). The CON group participants received usual care from their general practitioners.


Table 1 | Lifestyle intervention.





2.1.4 Follow-up

All company employees who participated in the study, in either the INT or ON group, were invited for follow-up medical check-ups 6 (T2), 12 (T3), 24 (T4) and 36 (T5) months after start of the study. The study ended after completion of the last follow-up.




2.2 Secondary data analysis


2.2.1 Subjects

The secondary data analysis is reported in accordance with the CONSORT statement (14). Only employees diagnosed with diabetes mellitus (and receiving pharmacological treatment) and/or with glycated hemoglobin (HbA1c) levels ≥ 5.7% were included in this analysis (Figure 1). In total, the datasets of n=142 persons with pre-DM (HbA1c levels ≥ 5.7% and < 6.5% without anti-diabetic medication) and n=64 patients with manifest DM (HbA1c levels ≥ 6.5% and/or treated with anti-diabetic medication) were considered. The HbA1c thresholds correspond to the American Diabetes Association cutoffs for the diagnoses of pre-DM and DM (15).




Figure 1 | Study flow chart.





2.2.2 Primary and secondary outcomes

The ESC-SCORE was defined as the primary outcome. It was determined in the INT and CON group at every follow-up examination and thus helped assess the long-term effectiveness of the intervention. The same ESC-SCORE algorithm in its initially published form was used throughout the study (5). The ESC-SCORE provides an accurate prediction of cardiovascular events in Europeans without a history of severe cardiovascular diseases (e.g., coronary heart disease, stroke, peripheral artery disease, heart failure, heart arrhythmia).

To determine the intervention’s direct effectiveness, body weight, body mass index (BMI), waist circumference, glycated hemoglobin (HbA1c), high-sensitive C-reactive protein (hsCRP), total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides, systolic and diastolic blood pressure and exercise capacity pre- and post-intervention were defined as secondary outcomes.



2.2.3 Statistical analyses

Data are presented as mean values ± standard deviations (SD) and 95% confidence intervals (95%-CI). The “SPSS” program (v. 28.0, IBM Corporation, Armonk, New York, USA) was used for the statistical analyses. Parametric tests were used throughout. When assumptions were violated and when appropriate, non-parametric (rank-based) hypotheses tests were conducted. For baseline comparisons of interval-scaled variables between the two groups, the Student’s t test or the Mann-Whitney U test for unpaired samples were performed. The Chi2 test was used to assess differences in the distribution of nominal-scaled variables between the groups. For pre-post-comparisons of interval-scaled variables within the INT group, the Student’s t test or the Wilcoxon signed rank test for paired samples were used. For follow-up analyses within each group (INT and CON), the Friedman test was carried out. To compare changes from baseline between the two groups at the different follow-up time points, the Student’s t test or the Mann-Whitney U test for unpaired samples were used. Data were analyzed intention-to-treat and per protocol. The intention-to-treat cohort included all patients. Missing values in the intention-to-treat analysis were replaced by the last observation carried forward (29.9% missing ESC-SCORE data, 33.2% missing HbA1c data). The per protocol cohort included only those patients who fully adhered to the study protocol. In addition, data from all measurement time points had to be available. Significance was considered at p ≤ 0.05.



2.2.4 Sample size and power calculation

A sample size calculation was performed for the original study a priori (4). For this subgroup data analysis, a second power analysis was performed for the ESC-SCORE as the primary outcome a posteriori using G Power (v. 3.1.9.7., University of Düsseldorf, Düsseldorf, Germany). For the intention-to-treat analysis, a power of 100% was calculated for the comparison between the ESC-SCORE pre- and post-intervention of the INT group and a power of 94% for the comparison of ESC-SCORE changes from baseline between the INT and CON groups during the follow-up medical check-up 36 months later. For the per protocol analysis, statistical power values of 100% and 83% were calculated, respectively.





3 Results


3.1 Baseline data

The baseline (T0) data of the subjects of the INT and CON groups are presented in Table 2. The ratio of men and women roughly reflects the ratio of employees in the company. The groups were almost perfectly matched for the ESC-SCORE and also did not significantly differ in any other variable, except BMI.


Table 2 | Study participants´ baseline (T0) characteristics.





3.2 Direct effects of the multimodal lifestyle intervention on the ESC-SCORE and important health variables

Pre-post-intervention data (T0-T1) are presented in Table 3. The ESC-SCORE decreased significantly, irrespective of the type of analysis conducted (intention-to-treat or per protocol). Nearly all other health-related variables (body weight, BMI, waist circumference, HbA1c, total cholesterol, LDL, triglycerides, systolic and diastolic blood pressure, exercise capacity) also improved significantly. HDL levels remained unchanged and hsCRP levels increased significantly, but very slightly.


Table 3 | Study participants´ characteristics pre (T0) and post (T1) -intervention.





3.3 Follow-up and long-term effects of the multimodal lifestyle intervention on the ESC- SCORE

There was a significant overall time effect for the ESC-SCORE in each group (INT and CON) from T0 across all follow-up time points (T2, T3, T4, T5) (Friedman test: p<0.001), which was evident in both the intention-to-treat and per protocol analyses (Supplemental Data File: ESM 1). It appears that the ESC-SCORE of the INT group increased only very slightly in the long term after the intervention, while it increased more in the CON group. This is reflected in the changes from baseline. The delta values differed significantly between the groups (INT and CON) at each time point (T2, T3, T4, T5), with the intervention group achieving more favorable results in the intention-to-treat (Figure 2) as well as the per protocol analysis (Figure 3).




Figure 2 | Delta values of the European Society of Cardiology – Systematic Coronary Risk Evaluation score (ESC-SCORE) – Intention-to-treat analysis. Means with 95% confidence intervals.






Figure 3 | Delta values of the European Society of Cardiology – Systematic Coronary Risk Evaluation score (ESC-SCORE) –Per protocol analysis. Means with 95% confidence intervals.



To clarify whether there is a difference in the primary outcome between pre-DM and DM patients, a further subgroup analysis was performed for ESC-SCORE changes (Supplemental Data File: ESM 2). The intention-to-treat analysis revealed that the pre-DM patients’ (INT: n=72, CON: n=70) results were quite similar to those of all patients (pre-DM/DM patients). Delta values differed significantly between the groups (INT and CON) at each time point (T2, T3, T4, T5), with the intervention group achieving more favorable results. In DM patients (INT: n=38, CON: n=26), a significant difference in ESC-SCORE changes was evident after the lifestyle intervention, with better results in the INT group. However, from T3 onward, there was no longer a significant difference in delta values between the groups (INT and CON). It should be noted that ESC-SCORE baseline values were significantly higher in pre-DM than in DM patients in both groups (INT: pre-DM: 9.16 ± 4.99% (95%-CI: 7.99-10.33%), DM: 6.00 ± 4.95% (95%-CI: 4.38-7.63%), U test: p<0.001; CON: pre-DM: 8.54 ± 4.12% (95%-CI: 7.55-9.52%), DM: 6.67 ± 6.24% (95%-CI: 4.15-9.20%), U test: p=0.017). Due to the small number of included DM patients (INT: n=15, CON: n=12), no subgroup analysis was performed in the per protocol cohort.



3.4 Follow-up and long-term effects of the multimodal lifestyle intervention on glycemic control

There was a significant overall time effect for the HbA1c levels in the INT group from T0 across all follow-up time points (T2,T3,T4,T5) (Friedman test: p<0.001), which was evident in both the intention-to-treat and per protocol analyses (Supplemental Data File: ESM 3). There were no significant HbA1c changes in the CON group. Of all pre-DM patients from the per protocol cohort, 5% developed manifest DM in the INT and 22% in the CON group (from T0 to T5). Half of them started treatment with anti-diabetic medication.



3.5 Adverse events during the intervention

There were no adverse events during the intervention.




4 Discussion

DM can drastically increase the risk of CVDs. The INTERHEART study, which collected data from more than 27,000 subjects in 52 countries, identified DM as a strong risk factor for acute myocardial infarction (9). Other famous large-scale studies such as the Framingham study or the San Antonio Heart Study found increased CVD mortality rates in DM patients compared with non-diabetic subjects from the general population (7, 8). Furthermore, the understanding of the pathogenesis of CVDs in the context of DM improves continuously, with hyperglycemia, hyperinsulinemia and hypercoagulability playing important roles in increased CVD risk and mortality (16, 17). Lifestyle interventions that can prevent the development of CVDs or that have a positive effect on their progression should therefore be strongly recommended as preventive measures not only for patients with manifest DM, but also for those with pre-DM (18, 19).

The secondary data analysis of the PreFord study shows that the cardiovascular risk of persons with pre-DM/DM can be substantially reduced through the multimodal lifestyle program applied in the study. There was a direct effect on several health variables and the ESC-SCORE after 15 weeks. Over the next 3 years of follow-up, there were more favorable results in the INT group.

The ESC-SCORE reflects the probability of dying in the next 10 years from a cardiovascular event (5). The ESC-SCORE used in this study is calculated based on age, systolic blood pressure, smoking habits and total cholesterol values (5, 6). Although the algorithm does not consider pre-DM or diabetes status, the ESC-SCORE is nonetheless suitable for a rough assessment of the cardiovascular risk in the subgroup studied, because the relationship of the other risk factors with CVDs are almost parallel in individuals with and without DM (5, 20). However, the risk of persons with DM is generally higher. According to the ESC- SCORE’s instructions, it should be considered for the interpretation that the calculated risk at every risk factor combination can be at least twice as high in men and up to 4-fold higher in women with manifest DM (5). It must therefore be assumed that the actual CVD risk tends to be underestimated by the ESC-SCORE value for the subgroup studied, but because many more pre-DM patients than patients with manifest DM were included in the analysis, the underestimation should not be too far-reaching.

The overall results suggest a clear positive health effect of the intervention for the subgroup studied, which is very similar to the effect for the entire study cohort group (4). Persons in the intervention group generally benefited from the multimodal lifestyle program, which was reflected in more favorable ESC-SCORE changes compared to those in the usual care control group over the course of the study. Multimodal interventions that also target self-empowerment, such as the program in the PreFord study, promise long-term effectiveness, which in turn may also be cost-effective (21). Kähm et al. (22) estimated the costs for diabetic complications in German patients. End-stage renal disease, amputations, stroke, myocardial infarction and ischemic heart disease were deemed very cost-intensive. Indirect costs related to lost productivity and work ability due to diabetes and its complications are also very high (23). Magliano et al. (24) demonstrated that “productivity-adjusted life years” were reduced by 11.6% and 10.5% among men and women with DM, respectively. Interventions that focus on persons with pre-DM and DM and which are initiated early in working life could thus help reduce work absenteeism and protect the workforce by preventing the development of disease complications.

A closer look at the long-term effects on the ESC-SCORE changes (intention-to-treat analysis) implies that pre-DM patients in particular benefited from the lifestyle intervention. Further measures may be necessary to achieve more beneficial effects in patients with manifest DM. However, it should be noted that the pre-DM patients already had higher values at the beginning of the study, so that possible improvements may be more pronounced in them than in the DM patients. However, the result should not be overestimated, as only 42% of the DM patients of the intention-to-treat analysis fully adhered to the study protocol.

The strategy for raising awareness of CVD risk at the workplace through flyers and offering a quick medical check-up free of charge could—as demonstrated in the present study—motivate workers with pre-DM and DM to participate in multimodal therapy. Despite the noted drop-out rate during the intervention of 37% among those with pre-DM and DM (for all study participants, the rate was 32%), the intention-to-treat analysis nevertheless indicated significant and clinically meaningful improvements post-intervention, underscoring the program’s overall efficacy.

The PreFord study has some limitations, which have already been pointed out in the initial publication (4). One limitation, for example, is the fact that there could be concerns against the employer who pushed the study, so that some employees did not participate in the CVD mortality risk screening due to concerns that their health data could be misused. Therefore, the representativeness of the results for the entire company cannot be guaranteed. Another limitation is that very few women were included. Therefore, the question is to what extent the results are gender-specific. This cannot be clarified based on the present data.

An additional point that might be of interest, especially for the secondary analysis, is that no distinction was made between the types of DM. Among the 13 insulin-dependent patients, some patients with type 1 DM may have been included. However, Juutilainen et al. (25) showed in an 18-year observational study that there was no major difference between middle-aged individuals with T1DM and T2DM in terms of their CVD mortality risk (onset of the disease was > 30 years in both groups). However, other data suggest a greater mortality risk for T2DM patients compared with T1DM patients when the age of onset of the diabetic disease is earlier in both groups (15-30 years) (26).

Furthermore, there was a minor, but statistically significant difference in BMI values between the INT and CON group, which might have affected the development of health values. However, for the primary outcome (ESC-SCORE), the groups were almost perfectly matched.



5 Conclusion

In conclusion, attracting company employees who are at high CVD mortality risk to participate in a multimodal lifestyle program following a free CVD mortality risk screening at their workplace may be a successful strategy for CVD prevention, particularly in patients with pre-DM/DM. The multimodal intervention used in the PreFord study was suitable for improving the health of company employees with pre-DM/DM and for reducing their CVD mortality risk in the long term.
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Introduction: Currently, the most common chronic metabolic disease in our society is Diabetes Mellitus. The diagnosis of Diabetes Mellitus supposes an impact for the patient, since it requires a modification in the lifestyle, which demands a great capacity for adaptation and modification of habits. The aim of the study was to determine whether personality factors and health status influence resilience and coping strategies in a sample of healthy and diabetic subjects.

Methodology: The sample included a total of 401 subjects (201 patients with Diabetes and 200 without pathology). The instruments applied for data collection were: Sociodemographic data questionnaire, the Resilience Scale, the Coping Strategies Questionnaire and The “Big Five” factor taxonomy. The data collection period was approximately 2 years (between February 2018 and January 2020).

Results: Certain personality factors, such as Emotional Stability, Integrity, Conscientiousness and Extraversion, were positively related to Resilience. Additionally, Emotional Stability, Integrity, and Extraversion were positively associated with Rational Coping. On the other hand, emotional stability, agreeableness and extraversion were negatively related to emotional coping. In relation to health status, the absence of pathology is related to the use of rational strategies more than to the diagnosis of diabetes. Therefore, the participants in this study present different psychological patterns depending on personality and health status.

Conclusions: The present study shows that the subjects of the sample present different psychological patterns depending on Personality and health status.

KEYWORDS
resilience, coping strategies, personality factors, diabetes mellitus, chronic diseases


1. Introduction

According to the latest studies, the most frequent chronic metabolic disease in our society is diabetes mellitus (1). In 2002, the WHO announced a worldwide prevalence of diabetes of 3%, which corresponds to 170 million people in the world diagnosed with this pathology. It was even estimated that this figure would double by 2025 (2). Today, these forecasts have already been exceeded. The latest figures provided by the International Diabetes Federation (IDF), corresponding to 2019, showed that 9.3% of adults have diabetes, which corresponds to a total of 463 million people. They also indicated that 1.1 million children and adolescents under the age of 20 live with type 1 diabetes. In addition, the IDF estimates that in 2030, 578 million adults will be living with the disease. In 2045, it is estimated that the figure will rise to 700 million (3).

These data are of great importance because the diagnosis, prognosis and treatment of the disease have a great emotional impact on the patient. This is associated with the need to assume a pathology that will accompany the subject throughout their life and the subject's obligation to modify their life habits in order to obtain a better quality of life, thus reducing complications deriving from it (4).

There is even research that details the psychological repercussions that accompany diabetes (5, 6). Thus, it has been stated that said pathology can be associated with depression and anxiety. These two diseases can arise regardless of the type of diabetes, especially in the presence of clinical complications. Therefore, it is essential that health workers use programmes in their clinical practice that address the emotional demands detected. Even the American Diabetes Association has incorporated new medical care recommendations, with the intention of including the assessment of the psychological and social situation of subjects diagnosed with diabetes (7, 8).

Based on the aforementioned theoretical aspects, some research has been oriented toward the identification of those psychological mediators that could contribute to achieving a better quality of life in subjects with chronic disease. Thus, the impact of resilience, personality and coping strategies on the health of subjects with chronic pathologies has been studied.

Therefore, research studying resilience and coping strategies has increased (9–11). Resilience is defined from the health field as the ability of individuals to maintain health and quality of life in a dynamic and challenging environment. Therefore, it is considered relevant variable for in the area of health due to its capacity to buffer stress (12–16). In the study by Pasantes et al. interventions were carried out with diabetic patients aimed at promoting their level of resilience. These incidents had a positive result on hemoglobin A1C levels (17). The type of coping strategies that people use to adapt to their illness can anticipate the impact caused by said illness. Therefore, certain coping styles can mediate and buffer the effects of stress. It is stated that active coping strategies are positively related to health (18).

In addition, personality may also play a fundamental role in the way subjects deal with the disease, directly influencing their wellbeing. Thus, personality modulates the way in which people face and adapt to a chronic disease, favoring the development of resilience and the use of coping strategies (19–21). The psychological aspect of diabetes is considered an important part of the treatment and management of this condition in the modern world. Thus, the assessment of personality traits can play a substantial role in the proper treatment of diabetics. The study by Esmaeilinasab et al. was determined that extraversion in diabetic patients is associated with better disease control (21). In addition, this may be relevant if we take into account that some studies indicate that patients with diabetes have different personality traits than subjects without pathology (22). In the context of this study, personality is approached through the Big Five model in Spanish, which hierarchically orders five personality factors: emotional stability, agreeableness, integrity, conscientiousness and extraversion (23).

Based on the scientific evidence outlined above, the objective of this study was to determine whether health status and personality factors influence resilience and coping strategies in a sample of healthy and diabetic subjects. For this reason, we consider it essential to know which diseases predict a worse adaptation, as well as those personality characteristics that favor the development of resilience, in order to focus on effective and individualized health programme.

The novelty of this study is justified in the use of a clinical sample. This allowed us to assess the influence of the Personality, but also the health status of the subjects to explain the Resilience and Coping. In most studies, only the relationships between these psychological variables have been investigated, through samples with healthy population, such as university students (24, 25).



2. Methodology


2.1. Aim and design of the study

The aim of this study was to determine whether health status and personality factors influence resilience and coping strategies in a sample of healthy and diabetic subjects. The study had a non-experimental cross-sectional design with a correlational objective.



2.2. Participants

These samples were selected at the University Assistance Complex of Salamanca. Four hundred and thirty six subjects participated in the study, of which 35 were excluded for not completing the informed consent or not completing the questionnaires. The total sample consisted of 401 subjects (Figure 1).


[image: Figure 1]
FIGURE 1
 Sample selection flowchart.


The study participants were 200 healthy subjects and 201 patients with diabetes (N = 401). The majority of it is made up of men (N = 285) and are mainly aged between 44 and 50 years (N = 118). Most of the subjects are married/in a couple (N = 247) and only 85 subjects have higher education (Table 1).


TABLE 1 Sample description.

[image: Table 1]

Pearson's χ2 test was used, using Cramer's V to determine the effect size. Thus, it was detected that the subsamples of our study, no significant differences were detected in the sociodemographic variables (p > 0.05) (Table 1).

In both subsamples, to participate in the project, the following inclusion criteria must be met: The subjects can be of legal age and participate voluntarily in the study. In the case of subjects with diabetes, an additional inclusion criterion was having a confirmed diagnosis of said disease, regardless of its stage. An additional inclusion criterion in healthy patients was that they were not diagnosed with any disease. The exclusion criteria were: suffering from a disease that would prevent the patient from completing the study, not agree to participate in the study and have been diagnosed with an affective pathology that could bias the results.



2.3. Data collection

The samples were selected following a quota sample with equivalent age ranges, sex and educational level, with the aim of achieving homogeneous sub-samples. The sample was collected at the University Assistance Complex of Salamanca. The selection of the subsample made up of diabetic patients was carried out in the Diabetes Unit of the Clinical Hospital of Salamanca and the Internal Medicine hospitalization wards of the same hospital.

After obtaining the sample of subjects with diabetes, the sample of healthy subjects was selected. The selection of this subsample was carried out in different Salamanca health centers (namely, “Periurbana Sur” and “Capuchinos” Health Centers). These patients voluntarily participated in the study after attending their scheduled appointment in the nursing consultation.

The data collection period was ~2 years (between February 2018 and January 2020), through the instruments detailed below.


2.3.1. Sociodemographic data questionnaire

Sociodemographic data were collected through an instrument made up of a series of questions of a socio-demographic nature and information on the presence of diabetes.

• Health status (subjects without pathology, subjects with diabetes).

• Socio-demographic variables studied (age, sex, marital status and educational level).



2.3.2. Personality: “Big Five” factor taxonomy

To assess personality factors, the “Taxonomic Proposal of the Big Five in Spanish” was produced by Iraegui and Quevedo-Aguado (26). This research consisted of a psycholinguistic approach to the study of personality following the “Big Five hypothesis.” Principal component factor analysis was applied to the 150 mini-markers finally identified in this research as personality descriptors. The Kaiser rule was employed to select the number of factors to retain and varimax normalization was used as the rotation method.

The five factor solution required ten iterations for convergence and explained 19.36% of the total variance with a Cronbach's α of 0.88. For our study we have used a reduced scale of 50 personality descriptors, ten for each factor (five positive and five negative). These descriptors were chosen based on their correlations with the corresponding factor. In this investigation, the use of the reduced version was chosen due to its brevity and its adequate psychometric properties. The global reliability of the instrument is α = 0.884, finding each of the five factors in indices that oscillate between α = 0.079 and α = 0.89 (26).

In this scale, the subjects have to evaluate these 50 descriptors depending on whether they are suitable or not for defining their personality traits. The response range was from 0, not suitable, to 4, very suitable. A total score was obtained for each of the factors.



2.3.3. Coping strategies questionnarie

The Coping Strategies Questionnaire scale was designed by the authors Sandín and Chorot in 2002. This questionnaire contains a scale made up of 42 items, which score from 0 (never) to 4 (almost always). Through this scale, two general dimensions of coping can be measured: emotional coping and rational coping. Also, based on this general classification, it allows assessing seven more specific coping dimensions. Thus, emotional coping includes negative self-focused coping and overt emotional expression. Rational coping included problem-solving coping, positive reappraisal, and seeking social support. Each coping factor/dimension includes seven items, with the total variance explained by the seven factors being 55.3% (27).



2.3.4. Resilience scale

Wagnild and Young created The Resilience Scale in 1993, adapted by Novella in 2002 into Spanish (28). This scale has 25 items. Each item ranges from 1 (strongly disagree) to 7 (strongly agree).

The scale assesses five resilience factors: personal satisfaction, equanimity, feeling good alone, self-confidence, and perseverance. Global internal consistency was measured using Cronbach's α coefficient (α = 0.88).




2.4. Ethical considerations

This study received a positive report from the Clinical Research Ethics Committee of the University Hospital of Salamanca PIO02/01/2018.



2.5. Data analysis

Statistical analysis was performed using International Business Machines' (IBM) Statistical Package for the Social Sciences (SPSS) version 25 (IBM Corp., Armonk, NY, USA). To determine whether personality factors and health status influence resilience and coping strategies in a sample of healthy subjects and those with diabetes, linear regression analysis was performed.

This technique requires the fulfillment of five assumptions: independence, non-collinearity, linearity, homoscedasticity and normality. After verifying these assumptions, the linear regression analysis was applied. For this, the variables were grouped into two blocks. One of them contained the dummy variables, and the other the rest of the variables. For the first block the method was introduced, while for the second the stepwise regression was obtained. To study the fit of the model, the coefficient of determination (R2) and the adjusted coefficient of determination ([image: image]) were used. In all statistical test, testing was significant when p > 0.05.




3. Results


3.1. Linear regression

For each dependent variable, a linear regression analysis was performed. These de-pendent variables (DVs) were resilience, rational coping and emotional coping. In contrast, the independent variables (IVs) were the factors of personality and the state of health of the subjects. In categorical VI with two or more levels, it was necessary to create dummy variables.


3.1.1. Resilience

In relation to resiliene, the regression revealed that the best model is the one in which four variables were included (R2 = 0.848, [image: image] 0.719, F (df1, df2) = 20.047 (1, 393), p ≤ 0.001). These predictor variables included in the final model explained 71.6% of the variance in DVs.

Table 2 shows that emotional stability, integrity, conscientiousness and extraversion were positively related to resilience. Personality factor 1 (emotional stability) was the one with the greatest weight (B = 0.883, β = 0.457, t = 11.998, p < 0.001). In relation to health status, the dummy of healthy subjects was not significant (B = 0.990, β = 0.875, t = 1.137, p = 0.256).


TABLE 2 Final model coefficients: resilience.

[image: Table 2]

Finally, the existence of atypical and predominant cases was assessed. Table 3 shows the value of the most extreme cases in different measures. Two atypical cases are detected in RV but neither of them is predominant.


TABLE 3 Atypical and predominant cases: resilience (linear regression).

[image: Table 3]



3.1.2. Rational coping

The regression revealed that the best model is the one in which four variables were included (R2 = 0.776, [image: image] = 0.598, F (df1, df2) = 22.527 (1, 393), p < 0.001). These predictor variables included in the final model explained 59.8% of the RV variance.

Table 4 shows that emotional stability, integrity and extraversion are positively related to rational coping. In relation to the state of health, the dummy of healthy subjects was significant, being the variable that had the greatest weight (B = 4.244, β = 0.153, t = 4.746, p ≤ 0.001).


TABLE 4 Final model coefficients: rational coping.

[image: Table 4]

Finally, the existence of atypical and predominant cases was assessed. Table 5 shows the value of the most extreme cases in different measures. Two atypical cases are detected, but neither is predominant.


TABLE 5 Atypical and predominant cases: rational coping (linear regression).

[image: Table 5]



3.1.3. Emotional coping

The regression revealed that the best model is the one in which three variables were included (R2 = 0.457, [image: image] = 0.243, F (df1, df2) = 5.539 (1, 394), p = 0.019). These predictor variables included in the final model explained 24.3% of the variance in DVs.

Table 6 shows that emotional stability, agreeableness and extraversion were negatively related to emotional coping. In relation to health status, healthy subjects have negative coefficients, but this variable was not significant (B = −0.375, β = 0.033, t = −0.733, p = 0.464).


TABLE 6 Final model coefficients: emotional coping.

[image: Table 6]

Finally, the existence of atypical and predominant cases was assessed. Table 7 shows the value of the most extreme cases in different measures. Two atypical cases are detected, but neither of them is predominant.


TABLE 7 Atypical and predominant cases: emotional coping (linear regression).

[image: Table 7]





4. Discussion

Different studies have confirmed that the diagnosis of a chronic pathology and individual differences in personality traits can influence the development and maintenance of resilience and coping strategies (20, 26–29). Then, these results are compared with those of our project.

The results obtained in our research show that emotional stability, integrity, responsibility and extraversion were positively related to resilience. We can highlight the fact that emotional stability turned out to be a significant predictor in all models. In addition, it was the variable with the highest weight for the resilience variable.

In a similar vein, numerous studies reflect the negative association between resilience and neuroticism (19, 25, 30–35). In order to compare this argument with the results of our re-search, it should be noted that the subjects with a low score in neuroticism are located on the opposite side of the emotional stability factor. Therefore, the results of the cited authors coincide with those of our study: the emotional stability factor was the one that was most related to higher levels of resilience.

Other research also reflects the positive relationship between extraversion, integrity and conscientiousness with levels of resilience (33, 35–39). This evidence also coincides with the results presented in our study, which reflect that the three factors contributed significantly to the prediction of resilience.

Also, the results of our research, in relation to the study of coping strategies, revealed that emotional stability, integrity and extraversion were positively related to rational coping. Emotional stability, agreeableness and extraversion were negatively associated with emotional coping. Other authors have also addressed the relationship between personality factors and coping strategies. The research found on this study topic indicates that the way in which an individual faces problem is influenced by their personality traits (40, 41). Thus, Mirnics et al. (42) found in their research that emotional stability was the trait that most significantly predicted coping strategies. Thus, emotional stability was associated positively with rational strategies and negatively with emotional strategies. In addition, extraversion and conscientiousness were found to be positively related to the use of rational strategies. Other authors, such as Afshar et al. (43), found similar results in their research, pointing out that subjects with a higher level of extraversion, integrity and emotional stability frequently use more rational strategies. This evidence is in line with the results obtained in our study. We also found results similar to those obtained in our research in the work of Leszko et al. (44), which indicated that agreeableness is negatively associated with emotional coping.

Therefore, the results obtained in our research are consistent with published studies on personality factors that predict resilience and coping. In relation to health status, our research shows that the absence of a pathology predicted a greater use of rational coping strategies.

However, there is little research focused on predicting the levels of resilience and coping strategies used based on the health status of the subjects. However, it has been described that the diagnosis of a chronic disease is a stress factor, hindering the development of resilience and threatening the coping capacity of the individual (14). Our results predicted that healthy and diabetic subjects would not present differences in the resilience variable. Thus, subjects with diabetes have learned how to face, overcome and transform themselves in the face of adversity.

It should be noted that there is very little research with which we can compare these results. Thus, few studies compare the level of resilience of subjects with diabetes and healthy subjects. However, we found similar results to those presented in our project in the research carried out by Novaes (45), which was conducted with a sample of subjects with diabetes mellitus and healthy subjects. In this study, it was found that there were no significant differences in the level of resilience between the groups. This finding coincides with that obtained in our study (45).

However, other studies have shown that healthy subjects have a higher level of resilience than patients with chronic pathologies (14). Thus, we consider it necessary to develop more research that evaluates and com-pares resilience in specific chronic diseases. It should be noted that each chronic disease has very different characteristics in terms of its development and therapeutic plan. For this reason, it is necessary to carry out more studies that compare the level of resilience according to the state of health. We consider it essential to investigate and learn about the pathologies associated with lower levels of resilience, since different studies coincide in believing that resilient people are more capable of coping with disease processes, both their own and those of others, and emerge stronger from the situation (13, 46).

Finally, the results of this study show that the state of health was also related to the type of coping strategies. The subsample of healthy subjects presented a greater use of rational cutting strategies. These strategies are associated with positive coping, coping with stress and trauma differently between individuals (47). Furthermore, rational coping, characterized by the mobilization of the patient to deal with the disease, is associated with greater adaptation to the disease and a higher quality of life (46–49). However, we find opposite conclusions in other studies, which state that diabetic subjects more frequently use rational coping strategies (50, 51).


4.1. Limitations

We point out as the main limitation that personality and health status only explained 24.3% of emotional coping. Therefore, variables that help improve our predictions are missing. However, there are investigations that state that resilience and gender can also predict the type of emotional coping used (52). Future research should take into account these variables not included in the models, which may be relevant for predicting the variables that are not well-explained.




5. Conclusion

Subjects present different psychological patterns depending on personality and health status. This conclusion may be useful in clinical practice for developing strategies, individually, focused on individuals with certain personality characteristics that predict a greater risk of maladjustment to their disease. Also, in an individualized way, strategies could be developed focused on individuals with certain personality characteristics that predict a greater risk of maladjustment to their disease. Therefore, the conclusions of this study show the importance of developing individualized health programs to address diabetes. However, it would be important to expand the study with other chronic diseases.
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Hyperglycemia, which can be caused by either an insulin deficit and/or insulin resistance, is the main symptom of Type 2 diabetes, a significant endocrine metabolic illness. Conventional medications, including insulin and oral antidiabetic medicines, can alleviate the signs of diabetes but cannot restore insulin release in a physiologically normal amount. The liver detects and reacts to shifts in the nutritional condition that occur under a wide variety of metabolic situations, making it an essential organ for maintaining energy homeostasis. It also performs a crucial function in glucolipid metabolism through the secretion of hepatokines. Emerging research shows that feeding induces hepatokines release, which regulates glucose and lipid metabolism. Notably, these feeding-induced hepatokines act on multiple organs to regulate glucolipotoxicity and thus influence the development of T2DM. In this review, we focus on describing how feeding-induced cross-talk between hepatokines, including Adropin, Manf, Leap2 and Pcsk9, and metabolic organs (e.g.brain, heart, pancreas, and adipose tissue) affects metabolic disorders, thus revealing a novel approach for both controlling and managing of Type 2 diabetes as a promising medication.
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1  Introduction

Diabetes is a major illness worldwide that is reaching an epidemic stage (1). Approximately 500 million individuals across the globe are living with diabetes, and it is anticipated that this figure will rise by 25% by the year 2030, and by 51% (roughly 700 million people) by the year 2045 (2). As a result, ensuring that the disease is avoided and effectively treated is an ultimate importance to public health. Most cases of type 2 diabetes mellitus (T2DM) are caused by modifiable risk factors such as diet (3). Epidemiological surveys have found that the incidence of eating disorders in individuals with type 2 diabetes ranges from 1.2% to 14%, mainly manifesting as over-eating (4). Prior research has declared that nutritional behavior is mainly related to neural regulation in the brain (5). However, recent studies have shown that the liver maintains systemic metabolic homeostasis by transcriptionally controlling the expression of open organ factors in response to external signals such as feeding behavior (6).

In T2DM, when insulin secretion is insufficient, it first causes impaired glucose metabolism. Glycogen synthesis is reduced, and catabolism is increased, tissues’ ability to take up and use glucose is reduced, which triggers fasting and postprandial hyperglycemia (7). The malfunction of glucose oxidation and the enhancement of lipolysis metabolism result in an elevation in free fatty acids in the blood, which enter the liver and promote synthesis and release of triglycerides and very-low-density lipoproteins (VLDL), resulting in disorders of lipid metabolism (8). Therefore, it is essential to regulate the metabolism of glucose and lipid in diabetic patients and to understand the treatment mechanism of diabetes, thus improving T2DM patients’ life quality.

The liver is a vital organ in the modulation of energy homeostasis because it detects and reacts to shifts in the nutritional condition that occur in response to a wide range of metabolic circumstances (9). The majority of the attribution for the liver’s function in the modulation of systemic glucolipid metabolism goes to the release of hepatokines that maintain metabolic homeostasis through autocrine, paracrine and endocrine pathways that regulate the connections between the liver and other organs (10). Of note, feeding can induce the release of hepatokines, which can act on other organs to influence the development of diabetes. Mechanistically, based on the available literature, these feeding-induced hepatokines act through one or more of the following metabolic organs (1) improving pancreatic β-cell cholesterol accumulation, reducing endoplasmic reticulum stress, (2) reducing white adipose tissue inflammation and inhibiting lipid accumulation, (3) inhibiting the brain feeding center and regulating energy homeostasis (Supplemental Table 1).

In this review, We focus on the feeding-induced hepatokines, including Adropin, Manf, Leap2 and Pcsk9, Which participate in the occurrence and development of diabetes. We also highlight the potential mechanisms by which these hepatokines mediate crosstalk between the liver and other organs (brain, heart, adipose tissue, and pancreas) and the possibility of using them as new treatments for T2DM (Figure 1).




Figure 1 | Mechanisms of feeding-induced hepatokines amelioration of Type 2 diabetes in target tissues. The liver plays a central role in regulating systemic metabolic homeostasis by sensing nutrient availability and altering metabolite and energy production for use by various organ systems. The act of feeding induces the liver to release hepatokines, which regulate glucolipid metabolism and maintain energy balance by affecting multiple metabolic organs, including the brain, adipose tissue, pancreas and heart, thereby improving type 2 diabete.↑ increase, ↓ decrease. Graphics from http://Biorender.com.






2  Adropin

Adropin was originally thought to be a liver-derived peptide implicated in both the homeostasis of energy and the metabolism of glucolipids. The energy homeostasis-related (ENHO) gene encodes a 43-amino acid polypeptide (residues 34-76) that is used to produce this factor (11). There is a possibility that adropin functions as a secretory product of the hepatic biological clock, coordinating metabolic and circadian rhythms and responding to a large number of nutrients and energy balances in the diet. According to preliminary studies, sufficient energy is required for adropin expression in the liver (12). DIO decreased adropin levels in the serum, which were elevated in the nutritional condition (12, 13). As per the current work, the highest expression of Adropin in mice was associated with transcriptional stimulation by RORα/γ, while the minimum expression was associated with Re-verb transcription. Small molecules influencing Rev-erb blocking ability and transcriptional stimulation by RORα/γ quickly modified the expression of ENHO in human HepG2 cells (14). Impressively, it was observed that a high-fat diet that enhances hepatic Adropin expression also elevates liver ROR expression (15). Participation in these nuclear receptors also appears to offer a feasible mechanism for nutritional sensing in the modulation of Adropin expression. Although the link between plasma Adropin levels, nutrition, and mealtime is lesser understood in people, plasma Adropin levels in nonhuman primates (constant monkeys) have also peaked at feeding times in available studies (15). In addition, levels of serum Adropin were decreased in patients with T2DM, and elevated circulating Adropin values are related to a decreased hazard of diabetes-related complications (16–18). Here, we summarize the crosstalk of feeding-induced hepatokines on multiple extra-liver organs (i.e., adipose tissue, pancreas, brain, and heart). We hypothesize that it is participated in the mechanisms of reduced obesity, insulin resistance, and glucolipid metabolism, thereby alleviating T2DM glycolipotoxicity.



2.1.  Impact of Adropin on energy metabolism

The heart of diabetic patients relies more on the oxidation of fatty acids for producing energy and exhibits impaired glucose uptake and insulin signaling. These changes in cardiac metabolic activity of energy play a part in heart illness intensity (19, 20). Adropin induces significant alterations in cardiac energy metabolic activity via boosting glucose metabolism and inhibiting fatty acid oxidation while inhibiting the JNK/IRS-1 S307 phosphorylation axis improves insulin sensitivity, hence boosting metabolic statuses and cardiac efficiency (21). Adropin is hypothesized to have an insulin-sensitizing action to reduce the downregulation of pyruvate dehydrogenase (PDH) negative regulator PDK4 expression levels through MAPKs and FOXO1 signaling mechanisms (21, 22) or modulates the expression of the mitochondrial acetyltransferase GCN5L1, which alters the acetylation condition and the energy activities of the metabolizing enzymes to promote glucose oxidation (23). It also inhibits fatty acid uptake in muscle membranes and mitochondria at the transcriptional level by reducing the protein levels of fatty acid transporter CD36 and carnitine palmitoyltransferase 1 (CPTI) (24, 25). These findings show that adropin plays a significant part in modulating the preference for cardiac energy substrates. In clinical practice, low levels of the serum protein Adropin are connected with many cardiovascular diseases like endothelial malfunction (26–28), heart failure (29, 30), acute myocardial infarction (31), coronary atherosclerosis (32–34), and type X heart syndrome (35). Low levels of Adropin also serve as a separate threat variable and indicator for most illnesses. As a result, there is a good chance of a connection between the levels of Adropin and diabetes-related cardiovascular illness and energy metabolism. This connection needs to be fully investigated.




2.2.  Effect of Adropin on lipid metabolism

Previous studies demonstrated that adropin could be participated in the control of adipose tissue function. Adrpin overexpression delayed weight gain in mice fed high-fat meals compared with wild-type animals (11). In vitro, through ERK1/2 and AKT-dependent signaling, adropin stimulates the growth of 3T3-L1 cells and mice preadipocytes. Additionally, adropin reduces the lipid deposition and expression of lipogenic genes in these cells. (Pparγ, Fabp4, C/ebpα), bringing about a final reduction in their differentiating process to mature adipocytes (36). Similarly, adropin stimulated brown adipose tissue (BAT) preadipocyte proliferation in Wistar rats through an AKT-dependent pathway, but inhibited preadipocyte maturation by downregulating lipogenic genes (C/ebpα, C/ebpβ, Pgc1α, Pparγ, and Prdm16). Additionally, this study found that adropin decreased lipid accumulation in BAT and increased glycerol and free fatty acid release. It also promoted hormone-sensitive lipase (HSL) activity (37). Of note, the hormone network is complex, and in addition to acting directly on the liver, hormones can interact with other hormones to regulate metabolic homeostasis. Recent studies have shown that adropin slightly promotes lipolysis in rat adipocytes and 3T3-L1 cells but does not affect glucose uptake. In addition, adropin may exert an ameliorative insulin resistance and anti-inflammatory effect by upregulating the expression of adiponectin and inhibiting the expression of resistin and visfatin (38, 39). Overall, Adropin inhibits adipogenesis as well as intracellular lipid accumulation, suggesting that it may improve diabetes by regulating lipid metabolism in adipose tissue as well as modulating the release of other adipokines. Although to further understand the function of Adropin in regulating adipose metabolic mechanism and the development of adipose tissues in vivo, additional research is required.




2.3.  Effect of Adropin on glycolipid homeostasis

Adropin depletion is linked to higher intensity of glucose homeostasis imbalance as well as abnormalities of lipid metabolic activities when observed in vivo. A functional investigation of Adropin knockout (AdrKO) was carried out in C57BL/6J mice by Chen et al. The findings demonstrated that WT mice had normal blood glucose levels significantly lower than those of AdrKO mice when given a conventional diet for one year (P < 0.0001). It is interesting to note that after 30 weeks, almost all AdrKO mice developed T2DM when subjected to a high-fat initiation and impaired glycosphingolipid biosynthesis. In addition, a significant number of adipocytes infiltrated the pancreas, a hallmark of a fatty pancreas (FP) (40). Furthermore, the serum levels of Adropin were shown to be significantly reduced in individuals with FP and T2DM compared with healthy individuals, and the levels of relative modulatory T cells (Treg) were also found to be significantly lower and positively connected with Adropin levels (r=0.7220, P=0.0001) (40). Furthermore, the serum levels of Adropin were shown to be significantly reduced in individuals with FP and T2DM compared with healthy individuals, and the levels of relative modulatory T cells (Treg) were also found to be significantly lower and positively connected with Adropin levels (r=0.7220, P=0.0001) (40). Treg functions as a negative modulator of the inflammatory condition of adipocytes and were discovered to minimize IR, thereby controlling insulin sensitivity (41). In a model animal with IR caused by a high-fat diet, Adropin can reduce insulin mRNA expression and secretion by affecting the synthesis of cyclic adenosine monophosphate (cAMP) in pancreatic cells without affecting β-cell viability or proliferation (42). Overall, these findings point to the possibility that Adropin enhances insulin sensitivity and reduces IR by altering Treg number or function and modulating insulin secretion.





3  Manf

Although midbrain astrocyte-derived neurotrophic factor (Manf) was basically classified as a neurotrophic indicator, the protein does not structurally or functionally resemble a true neurotrophic factor. Neurotrophic factors act by the interaction with similar receptors found in the plasma membrane, although no cell surface receptors for Manf were identified (43). Recently Wu et al. demonstrated that RNA sequencing investigation of the livers of mice that were fasted and then fed revealed that Manf is a feeding-induced hepatokine. Manf, which is generated from hepatocytes, raises the body’s rate of energy consumption, which combats diet-induced obesity. It would indicate that Manf is directly responsible for the browning of white adipose tissue (WAT) in the groin13. Under typical circumstances, the protein Manf can be found in the lumen of the endoplasmic reticulum (44). Endoplasmic reticulum stress (ERS) can increase its expression in different cells and tissues (44–46). The aggregation of unfolded or misfolded proteins in the endoplasmic reticulum causes ER-stress (47). It does this by activating a cellular defensive reaction known as the unfolded protein response (UPR). This response is a signaling cascade that restore endoplasmic reticulum stability (48). It is interesting to note that Apostolou et al. confirmed that Manf is a UPR gene that is able to reduce the amount of apoptosis caused by endoplasmic reticulum stress (46). Moreover, the serum levels of Manf were shown to be lower in patients who had T2DM and had a correlation with the metabolism of lipids and glucose (49). Here, we hypothesize that Manf may mitigate the progression of T2DM by modulating lipid metabolism, inflammation, apoptosis, and proliferation in the liver, adipose, and pancreatic tissues.



3.1.  Effect of Manf on glucose metabolism

Increasing evidence suggests that if endoplasmic reticulum stress is not resolved, the UPR transitions from an adaptive (A-UPR) response to a prolonged unresolved UPR, which ultimately results in enhanced inflammatory signaling and autophagy, and apoptosis (50, 51). This is the main cause of β-cell malfunction and death in T2D (52). In T2DM, β-cells are subjected to local environmental parameters, including glycolipotoxicity and inflammatory cytokines, which results in impaired insulin synthesis and increased free fatty acid production, as well as unresolved cell endoplasmic reticulum stress and β-cell death (53, 54). The stimulation of the UPR, which is connected to the buildup of lipid metabolites, is also connected, in a pathological manner, with IR in specific tissues (54). Of interest, most of the literature suggests that the IRE1/XBP1 and ATF6 pathways are involved in the key function of Manf in attenuating the negative modulation of UPR by endoplasmic reticulum stress (45, 55–57). The latest research demonstrated that hepatocyte-derived MANF plays a crucial role in increasing insulin sensitivity and that the systemic injection of MANF protein greatly enhanced insulin sensitivity in mice exhibiting obesity (58). Besides insulin sensitivity, Manf promotes insulin secretion by maintaining the number of pancreaticβ-cell. Ablation of MANF in mouse embryos, both overall and in the pancreas, leads to early onset and severe diabetes mellitus. This is because in Manf -/- mice, phosphorylation of eIF2α inhibits the translation of cyclin D1 and the cell cycle is subsequently arrested in the G1 and G2/M phases, ultimately leading to reduced β-cell proliferation and increased apoptosis (59, 60). MANF overexpression promotes the growth of primary β-cells in humans and mice having diabetes, as well as protection of people and mouse β-cells from the death induced by endoplasmic reticulum stress in β-cells to some extent (61–63). The protective and proliferative effects of MANF on β-cells were correlated with the suppression of NF-κB signaling pathway and amelioration of endoplasmic reticulum stress as well as blocking BH3-only proteins BIM-dependent triggering of mitochondrial apoptotic pathway (64). Chen et al. found that MANF can interact with the DNA binding domain of p65 through its C-terminal SAP-like structural domain and is a key target gene for inhibiting NF-κB signaling pathway (65). Later, Yagi et al. reported that Neuroplastin (NPTN) is a plasma membrane receptor for MANF. The binding of MANF to NPTN attenuates the inflammatory reaction and cell death by inhibiting the NF-κB signaling pathway (66). Another study showed that MANF attenuates endoplasmic reticulum stress by suppressing the IRE1-caspase 12-caspase 3 cell death pathway and has a protective effect against pancreatic alveolar cell injury (67). These results are potential mechanisms for the protective and proliferative influences of MANF on β-cells, which perform important implications for the modulation of insulin production and improvement of glucose metabolism. Notably, Montaser et al. identified the MANF pure-hybrid loss-of-function mutation as a novel gene causing diabetes and neurodevelopmental disorders in children (68). In conclusion, these data further support that MANF performs a crucial part that helps pancreatic β-cell s to survive and proliferate and hence could provide a possible therapy for T2DM patients.




3.2.  Effect of Manf on lipid metabolism

Manf differs from any known nerve growth factor in that its N-terminal structural domain is saposin-like lipid conjugation domain (69). SAPLIPs (saposin-like proteins) are a family of lipid-interacting proteins that vary in size and activity and have a wide variety of cellular functions (70). Bai et al. proposed that Manf binds to lipid sulfolipids, which are called 3-O-sulfogalactosyl ceramides, a lipid that exists in the outer leaflet of serum and cell membranes (71).Thus, Manf can bind lipids. Notably, Sousa-Victor et al. identified Manf as a stress response protein that is released and has immunomodulatory effects, as well as being part of an evolutionarily conserved system and a controller of the hepatic metabolic homeostasis in particular (72). Manf heterozygous mice showed an inflammatory phenotype in multiple tissues, and hepatocellular steatosis and fibrosis, besides developing hepatic bone disease at a faster rate than control mice (72). Overexpression of Manf was able to rescue HepG2 cells from the steatosis that was caused by free fatty acids (FFAs). This was accomplished by inhibiting the synthesis and uptake of fatty acids, as well as suppressing the synthesis of cholesterol. Thus, Manf inhibited lipid deposition in HepG2 human hepatocytes (73). Furthermore, an increase in the levels of the autophagy markers LC3-II and Atg5 was responsible for the attenuation of hepatic steatosis in mice that had Manf overexpressed, which is liver-specific. In addition to this, Manf was responsible for a rise in the phosphorylation of Stat3 as well as its nuclear localization (74). Therefore, Manf influences the metabolism of hepatic lipids by controlling autophagy. The overexpression of genes linked to lipid metabolism, in particular G0/G1 Switch gene 2 (G0S2), appears to be associated with the negative effect of diminished Manf expression in the liver. G0S2 is an important modulator of lipid metabolism and act as a suppressor of lipolysis. It was demonstrated that knocking down Manf causes higher levels of G0S2, which in turn causes hepatic steatosis as well as a pro-inflammatory state in macrophages (72, 75). Knockdown of Manf resulted in an increase in the production of TNF-α, IL-1α, and IL-6 (76). In addition, the increased expression of Manf, which is liver-specific prevented obesity in mice caused by a high-fat diet and accelerated browning of white adipocytes through activating the P38 MAPK pathway. Elevating the expression of key lipolytic proteins (phosphorylated hormone-sensitive lipase (HSL) and adipose triglyceride lipase (ATGL)) is how Manf impedes the expression of M1-type macrophage polarization indicators in mouse eWAT. This assists in decreasing adipose inflammation and improving insulin sensitivity and lipid deposition in high-fat-fed mice (58). In conclusion, these data further support that MANF can improve lipid metabolism in T2DM by a down-modulating inflammatory reaction and lipid deposition in the liver and adipose tissues.




3.3.  Effect of Manf on energy metabolism

MANF influences food intake and energy balance by regulating hypothalamic insulin signaling, suggesting that MANF-mediated neuronal activity plays an important role in maintaining energy homeostasis. Furthermore, MANF is enriched in different nuclei of the mouse hypothalamus and critically regulates energy intake, but energy expenditure seems to be unaffected (77). It has been shown that high levels of MANF expression in the rat hypothalamus persist into adulthood (78), raising the possibility that MANF plays an important role in the mature hypothalamus. It is known that ER stress in the hypothalamus leads to leptin resistance and hyperphagia (79), whereas MANF overexpression in Hypothalamic pro-opimelanocortin (POMC) attenuates ER stress and leads to increased thermogenesis in the BAT by improving leptin signaling in the hypothalamus and regulating sympathetic innervation and activity in it (80). These results suggest that MANF overexpression in the hypothalamic nucleus leads to severe hyperphagia and obesity. However, MANF can properly regulate energy homeostasis through POMC neurons. Furthermore, MANF appears to have multifaceted and cell type-specific functions, as recombinant human MANF was recently found to promote corneal epithelial wound healing and nerve regeneration in diabetic patients by attenuating hyperglycemia-induced endoplasmic reticulum stress through the Akt signaling pathway (81). MANF may be a useful therapeutic modality in the treatment of diabetic keratopathy (DK). A recent study showed that strong expression of MANF was also observed in the mouse pituitary, thyroid, and adrenal glands, all tissues involved in the neuroendocrine axis, and important for the regulation of feeding, stress, growth, and development. Interestingly, compared to wild-type mice, MANF-deficient mice have smaller anterior pituitary lobes and reduced numbers of cells producing growth hormone (GH) (82). GH has also been described as a diabetogenic agent with the ability to reduce insulin sensitivity (83). In the brain, GH activates the expression of AgRP neurons, increasing food intake while decreasing energy expenditure (84, 85). These results suggest that MANF plays an essential role in highly hormone-secreting cells within the hypothalamic-pituitary-thyroid/adrenal/gonadal axis and that proper regulation of MANF expression in the brain and other endocrine organs is vital to meet metabolic demands.





4  Leap2

Liver expresses antimicrobial peptide 2 (Leap2), a bicyclic cationic polypeptide (86). As a feeding-induced hepatokine, it is highly expressed in the liver, and its release is inhibited by stopping feeding and returns to baseline levels after subsequent feeding (87). Ghrelin is a hormone that stimulates hunger and is released by the stomach. Ghrelin’s function is modulated by binding to the growth hormone secretagogue receptor (GHSR) (88). The ghrelin-GHSR system is implicated in a wide range of biological activities, including the enhancement of growth hormone (GH) production, enhanced hunger and food consumption, control of glucose homeostasis, and cardiovascular function (89–92). According to the most recent findings, Leap2 and Ghrelin are paired with other factors in a competing way with GHSR (93). Thus, Leap2 is a competitive antagonist of GHSR, rather than a non-competitive antagonist as previously reported (94). Leap2 prevents the principal activities of Ghrelin in vivo, such as food consumption, GH release, and the control of survivable blood glucose levels throughout periods of calorie reduction or fasting. On the other hand, inhibiting Leap2 has the effect of amplifying the actions of ghrelin (94, 95). As a result, it appears that Leap2 may perform a significant part in metabolic illnesses by acting as a modulator of the ghrelin-GHSR system. In addition, patients who have T2DM had lower serum levels of ghrelin and higher serum levels of Leap2. It’s possible that the interaction between Ghrelin and Leap2 performs a significant part in the progression of T2DM. There is some speculation that the ghrelin-Leap2 axis could be a viable therapeutic target for T2D (96). In conclusion, we came to the view that Leap2 has the possibility to be an applicable treatment for the control of T2DM. This is because the ghrelin-GHSR system, which modulates energy metabolism in the brain, also modulates glucose metabolism in pancreatic tissue.



4.1.  Effect of Leap2 on energy metabolism

Furthermore, the N-terminal region alone delivers binding and activation to the Leap2 receptor. Leap2 and its N-terminal part were discovered to act as an inverse agonist of GHSR and also a competing antagonist of Ghrelin-induced phosphatidylinositol production and calcium mobility. Both inverse agonists and antagonists act on the agonist but interact with the receptor in different ways. The inverse agonist binds to the same receptor as the agonist but brings about the opposite response to the agonist, while the antagonist binds to the receptor and disrupts the interaction and function of the agonist and counter-agonist at the receptor (97). LEAP2 is both an inverse agonist of GHSR, which downregulates the constitutive activity of GHSR, and a competitive antagonist, which impairs gastrin-induced activation of GHSR. Thus, Leap2 exerts its inhibitory effect on the ghrelin-GHSR system through its N-terminal region (95). On the one hand, Ghrelin signals are transmitted via the vagus nerve to the hypothalamus, which is the modulatory center of nutritional behavior (90). Islam et al. declared that intracerebroventricular (i.c.v.) injection of Leap2 into mice was shown to suppress central Ghrelin function, such as hypothalamus nucleus Fos expression, promoted feeding, elevated blood glucose, and lowered body temperature. However, intraperitoneal (i.p.) leap2 administration showed no reduction in neuropeptide Y (NPY)-induced food consumption or des-acyl ghrelin-induced inhibition in body temperature, demonstrating that Leap2’s suppressing activity is specific to the GHSR (98). In contrast, GHSR was strongly expressed in the arcuate nucleus of the hypothalamus (ARC), the dorsal medial nucleus of the hypothalamus (DMH), the ventral medial nucleus of the hypothalamus (VMH), and the lateral hypothalamic nucleus (LH) (99). GHSR governs essential physiological activities such as hunger, neuroendocrine axis, autonomic nervous system activities, and sophisticated mental processes like reward-related attitudes (100). Therefore, the primary function of GHSR is the modulation of neuronal activities (101). The voltage-gated calcium channel 2.2 (Cav2.2) is a prominent GHSR target in neurons. Heterologous expression systems and membrane clamp recordings suggest that the N-terminal region of Leap2 binds GHSR, thereby impairing the ghrelin-dependent (GQ protein signaling) and ghrelin-independent modes of GHSR action (Gi/o protein activation) on the suppression of Cav2.2 currents (102). In addition, the N-terminal region of Leap2 also affects the inhibitory modulation of Cav2.2 currents by the heterodimer of GHSR-the dopamine 2 receptor (D2R)-and its coupling to G proteins (103). Cornejo et al. declared that intracerebroventricular (i.c.v.) injection of C57BL/6J mice with an N-terminal Leap2 fragment diminished overeating in mice on a high-fat diet (104). Taken together, The N-terminus of Leap2 inhibits the ghrelin-GHSR pathway in the central nervous system. Contrarily, the elimination of the LEAP2 gene raised weight gain, food consumption, lean body mass, and liver adipose tissues in HFD-fed female rats. This is a result of less energy consumption, decreased physical exercise, and increased food consumption (105). Furthermore, the Ghrelin-AMPK-SREBP1 pathway may modulate the expression level of Leap2 in the liver. Through the hepatic-gastric-brain axis (98), Leap2 may impact eating and energy balance. Latest research demonstrated that Leap2 also mediates the outcomes of food consumption and energy metabolism through the endogenous cannabinoid system (eCBome)-gut microbiome (mBIome) axis (106). In summary, LEAP2 can improve diabetes by inhibiting brain intake-related energy metabolism.




4.2.  Effect of Leap2 on glucose metabolism

One of the main features of Ghrelin and LEAP-2 is that they have opposite effects on GH secretion (107). A recent study using two animal models of GH deficiency found a significant inhibitory effect of LEAP2 on Ghrelin-induced food intake but no change in glucose levels. This suggests that the opposite effect between LEAP-2 and Ghrelin is not dependent on GH levels. The effect of LEAP2 on glucose levels was only observed in obese animals, which may be due to the fact that obese animals exhibit a state of hyperglycemia and insulin resistance, and therefore have a higher setting to trigger a counter-regulatory response to prevent hypoglycemia after LEAP-2 administration (108).On the one hand, GHSR increased expression in peptide cells of people and mice pancreatic islets (109). On the other hand, many studies have shown that both endogenous and exogenous Ghrelin can inhibit insulin production in mice, rats, and humans (110–113). Bayle et al. confronted isolated islets of Langerhans from rat pancreas to glucose with or without LEAP2 and ghrelin, and showed by measuring insulin production that Leap2 exerts modulation of insulin by blocking the insulin-inhibitory effect of Ghrelin (114). Similarly, M’Kadmi et al. demonstrated that N-terminal Leap2 21-12 blocked the inhibitory effect of Ghrelin on insulin secretion in rat pancreatic islet cells cultured in vitro (95). Furthermore, overexpression of Leap2 in mice reduced blood glucose levels (94). Thus, circulating levels of Leap2 may influence glycemic control by blocking Ghrelin function to modulate insulin secretion. Recent studies have found that Leap2 38-47 exhibits insulin-promoting properties in cultured human pancreatic islet cells. The insulin-promoting properties are consistent with the LEAP2 fragment (Leap2 38-47) acting as a reverse Ghrelin receptor agonist (115). These impacts of Ghrelin are mediated at least in part by direct GHSR interactions that are differentially localized in α-cells, β-cells, δ-cells secreting growth inhibitory hormone (SST), and γ-cells of the pancreas expressing pancreatic polypeptide (pp) (109). In vitro, pharmacological and genetic inhibition of islet-derived ghrelin significantly enhances glucose-induced insulin response. In mice with modest obesity brought on by a high-fat diet, ghrelin deprivation increased insulin release and prevented decreased glucose tolerance (116). Leap2 thereby inhibits the insulin-suppressing and glucose-increasing actions of the ghrelin-GHSR pathway and might offer a therapeutic application for the control of T2DM.





5  Pcsk9

Pcsk9 (proprotein convertase subtilisin/kexin), has just come to light as one of the most important hepatokines, which induces the breakdown of hepatic low-density lipoprotein receptor (LDL-R) via the ribosomal/lysosomal pathway, thereby increasing circulating low-density lipoprotein cholesterol (LDL-C) levels (117, 118). It is expressed to a much lesser extent in the pancreas, adipose cells, gut, and kidney than it is in the liver, which has a high expression of it (119). According to the findings of a clinical investigation, a high-fructose diet elevated plasma Pcsk9 concentrations by 28% in healthy subjects and by 34% in the progeny of patients with T2DM who were more likely to be insulin resistant (120). As a result, decreasing plasma levels of PCSK9 presents itself as an intriguing possible treatment target for dyslipidemia in diabetic patients. Interestingly, feeding induced an increase in hepatic PCSK9 levels. Due to the increased insulin levels during feeding, it leads to the activation of Pcsk9 transcription by SREBP-1c (121). Given this characteristic, Pcsk9 is also referred to as feeding-induced hepatokine. Thus, we suggest that feeding-induced hepatokine Pcsk9 plays a role in T2DM. In this chapter, we describe in detail the impact of feeding-induced hepatokine Pcsk9 on the development of T2DM by acting on adipose tissue and the pancreas to improve glucolipid metabolism.



5.1.  Effect of Pcsk9 on lipid metabolism

WAT malfunction and IR are thought to contribute significantly in the development of T2D, which delays clearance of triglyceride-rich lipoproteins (TRL), promotes elevated plasma TG and NEFA and flow to other peripheral tissues, leading to apoB overproduction, systemic lipotoxicity, inflammation, IR, and hyperinsulinemia (122–124). Upregulation of LDL-R uptake is associated with abnormal adipocyte metabolic function and risk of diabetes mellitus. Subjects who had normal cholesterol levels but had lower plasma levels of PCSK9 and higher levels of LDL-R and CD36 on the surface of their WAT also exhibited higher levels of WAT NLRP3 inflammasome activity and T2D-related hazard indicators (125). It’s possible that this is because LDL causes a reduction in adipocyte activity. Consistently, native LDL reduced WAT function and inhibited preadipocyte differentiation and function in mice (126). Others have reported that oxidized low-density lipoprotein (OxLDL) inhibits adipocyte differentiation (127). however, this effect is dependent on CD36 (a native scavenger receptor for VLDL and LDL, oxLDL, and NEFA) (128, 129). Of note, NLRP3/IL-1β inflammatory pathway stimulation promotes WAT malfunction and T2D and is controlled by LDL-R and CD36. It was revealed that oxLDL in CD36-internalized macrophages (130) and oxLDL and native LDL in endothelial cells (131) enhance the NLRP3 inflammasome, resulting in the release of the pro-inflammatory cytokine white IL-1β, which impedes insulin signaling in multiple cells, including adipocytes, β-cells, and hepatocytes (132, 133). Demers et al. declared that Pcsk9 stimulates the breakdown of CD36 in the acidic compartment behind the endoplasmic reticulum through a proteasome-sensitive mechanism that contributes to reducing the uptake of fatty acids and the deposition of triglyceride in tissues (134). Furthermore, Pcsk9 also limits visceral adipogenesis by degrading adipose tissue VLDL-R and LDL-R (135, 136). In some populations, elevated Plasma apolipoprotein B (apo B) plasma counts can predict the incidence of T2D 3-10 years prior to the onset of T2D independently of traditional risk factors (137, 138). ApoB plasma level indicates the quantity of small, dense LDL particles (137). Higher plasma apoB/pcsk9 levels are related with risk indicators for WAT malfunction and T2D, including postprandial hypertriglyceridemia, IR, hyperinsulinemia, and increased plasma interleukin 1 receptor antagonist (IL-1ra), according to multiple research (139, 140). Recently, we discovered that this ratio was indeed linked to high expression of LDL-R and CD36 on the WAT surface as well as WAT malfunction, inflammation, and IR (141). Therefore, Pcsk9 may be beneficial in improving WAT malfunction, inflammation, and IR, thereby reducing the hazard of T2DM.




5.2.  Impact of Pcsk9 on glucose metabolism

In pancreatic β-cells, cholesterol is an integral part of the cell membrane and is involved in controlling the physical properties of the cell membrane, thus influencing the distribution and the functionality of membrane proteins, as well as the formation and fusion of vesicles (142). Whereas cholesterol accumulation is mainly via LDL-R, Cholesterol overload in β-cell s is a mechanism that limits or destroys glucose-stimulated insulin secretion (GSIS) (143), and it is related to any genetic or pharmacological treatment that raises LDL-R expression. It is believed that factors that influence the homeostasis of cellular cholesterol metabolism can have an effect on the beta-cell activity as well as the development of diabetes (144). In contrast, Roehrich et al. showed that human lipoproteins play an important role in modulating the survivability of β-cells. Purified human VLDL and LDL induced increased apoptosis and decreased insulin transcript levels. Conversely, HDL effectively counteracts cell death through mechanisms such as stimulation of Akt/protein kinase B (Akt/protein kinase B) and inhibition of caspase-3 cleavage (145). These findings point to the possibility that changes in lipoproteins are linked to the beta-cell malfunction that is seen throughout the advancement of T2DM. Similarly, Cnop et al. found a series of lipid abnormalities in individuals having T2DM that associated with the accumulation of cholesterol and fatty acids in pancreatic β-cell s and may lead to islet degeneration (146). It has been shown that Pcsk9 reduces LDL-R, which in turn reduces cholesterol accumulation in pancreatic β-cells and promotes increased glucose-dependent insulin secretion (GSIS) (147). Furthermore, Mbikay et al. reported that male mice with Pcsk9 deletion above four months old had more LDL-R while having lesser insulin in their pancreas and showed hypoinsulinemia, hyperglycemia, and glucose intolerance (148). Thus, Pcsk9 prevents islet degeneration and promotes insulin secretion by limiting pancreatic β-cell cholesterol accumulation. Notably, circulating/liver-derived (the primary target of monoclonal antibodies) does not affect the β-cell function and insulin secretion (147). Ramin et al. found that neither exogenous PCSK9, Alirocumab, nor PCSK9 silencing significantly affected glucose-stimulated insulin secretion (GSIS) from pancreatic β-cells (149). Similarly, Peyot et al. demonstrated that Pcsk9 deficiency did not have any toxic effects on β-cell activity and glucose homeostasis in either the whole-body KO or βKO mouse models (150). According to these findings, anti-PCSK9 medications, which primarily target circulating Pcsk9, have only a minimal influence on the malfunction of β-cell s and the prevalence of diabetes. In conclusion, Pcsk9 improves T2DM by limiting pancreatic β-cell cholesterol overload, maintaining glucose metabolic homeostasis, and preventing β-cell malfunction.





6  Clinical consideration of feeding-induced hepatokines in T2DM

Plasma levels of adropin are lower in individuals diagnosed with T2DM, particularly those who are obese or overweight (151). Recently, Adropin has also been increasingly studied in relation to diabetes-related complications. In addition to its function as a marker of malfunctional endothelium cells, adropin also has a preventative effect on the occurrence and advancement of cardiovascular diseases (26, 27, 152). Elevated plasma adropin concentrations in male individuals with T2DM patients and those showing obesity who were treated with liraglutide can partially explain the cardiovascular benefits and protective effects (153). Adropin, as a potential anti-inflammatory factor (154), emerges as a potential biomarker for predicting the development of MAFLD in patients with T2DM (155) and diabetic kidney disease (DKD) (156). In addition, the therapeutic potential of adropin for T2DM is demonstrated by its effects on the activity of various elements of the endocrine system, including the adrenal cortex. It has been shown that adropin inhibits steroidogenesis and secretion of adrenocorticotropic hormones (e.g., cortisol and aldosterone) in HAC15 cells by binding to the GPR19 receptor and activating the TGF-β-dependent pathway (157). Cortisol, a glucocorticoid that raises blood sugar and reduces insulin secretion (158), has been shown in a clinical study to increase insulin resistance in patients with T2D when the HPA axis loses its ability to lower cortisol levels during hyperglycemia (159). Similarly, aldosterone has been associated with glucose intolerance and insulin resistance, and drugs related to mineralocorticoid receptor (MRs) antagonists have been used to improve insulin resistance and endothelial dysfunction (160). Furthermore, the CNS effects of adropin inhibition of drinking water were also associated with the expression of GPR19 receptors (161). Perhaps adropin plays an important act in the control of water content in the body by modulating the CNS, with a pivotal role in preventing the intake of additional fluids. This could have a positive effect in relieving renal load in patients with diabetic nephropathy. The current study did not identify the adropin receptor(s), and clarifying the receptor(s) for adropin has potential implications for the treatment of type 2 diabetes. Some researchers have suggested that the biological effects of adropin are obtained by direct binding to the G protein-coupled receptor GPR19 (22, 161, 162), but the study by Foster et al. failed to confirm that adropin interacts with GPR19 (163). However, it has been shown that Adropin is a meningeal-binding protein that interacts with NB-3. Adropin may be important for NB-3 recruitment, concentration, and Notch1 receptor binding, which in turn contributes to cerebellar development (164). In addition, adropin may exert its physiological effects by acting directly on neurons in the PVN (165). PVN is a key autonomic control center that plays an important role in the regulation of fluid balance (166), energy homeostasis (167), and cardiovascular regulation (168). These findings further solidify that Adropin has an endocrine function as a hepatokine and provide the framework needed to link its peripheral effects to its role in the central nervous system.

Recent studies suggest that MANF performs a crucial part in food consumption as well as energy homeostasis (169) and its involvement in the modulation of metabolic disorders. Multiple clinical research declared that there is an association between T2DM and circulating MANF levels. Serum MANF levels were elevated in newly diagnosed prediabetic and T2DM patients than in non-diabetic controls (170), while circulating MANF levels were significantly diminished in T2DM patients (49). This is because early in patients with T2DM, IR in the liver, skeletal muscle, and adipose tissue causes endoplasmic reticulum stress in these tissues, inducing MANF expression. The compensatory increase in MANF may act as a protective mechanism against endoplasmic reticulum stress-induced cellular damage against disease progression, but as the disease progresses, accompanied by prolonged glucotoxicity and/or lipotoxicity, MANF expression decreases, thereby exacerbating the illness. Additionally, the negative correlation of MANF with FBG and HbA1c was confirmed by the results (49). Therefore, MANF may be a new therapeutic candidate to protect the organism from lipotoxicity and glucotoxicity-induced endoplasmic reticulum stress.

Through its interaction with the growth hormone secretagogue receptor (GHSR), the hormone ghrelin is able to control not only the amount of food that is consumed but also the level of glucose in the blood (171). A recently discovered endogenous ligand of the GHSR is known as Leap2 (172). The reduction in serum ghrelin levels and the elevation of Leap2 levels in individuals with type 2 diabetes may represent a physiological compensation as a response to a positive energy balance to maintain a normal energy balance. Lowering the Ghrelin/Leap2 ratio in individuals with T2DM may lower the overactivation of the GHSR in obese patients, which in turn may restore normal energy homeostasis (96). This viewpoint is reinforced by a paper that showed improvements in obesity and diabetes when levels of acyl ghrelin were reduced, levels of Leap2 were increased, or GHSR activity was blocked (173). A recent clinical study has shown that exogenous LEAP2 reduces postprandial glucose and suppresses appetite in healthy men, and these effects may be mediated through the GHSR (174). Thus the discovery of the endogenous inverse agonist LEAP2 may reveal potential therapeutic targets for gastric hunger-related diseases, including type 2 diabetes and obesity, as it interacts with gastric hunger and is expressed at elevated levels after RYGB surgery (115). Notably, many gastrin/gastrinase targeted drugs, such as anti-gastrin L-RNA inducers (anti-gastrin vaccines), GHSR antagonists, GHSR inverse agonists, GOAT inhibitors, cyclized deacetyl-gastrin analogs, none of which have entered late-stage clinical trials for the treatment of obesity or type 2 diabetes due to uncertainty about their safety and/or efficacy in humans (175–178). Therefore, further studies are needed to confirm the safety of LEAP-2 based compounds.

PCSK9, an endogenous suppressor of the LDLR pathway, works by guiding the breakdown of LDLR to the lysosome (179). PCSK9 is thought to be a factor suggesting increased cardiovascular risk in T2DM (180). Therefore, commercially available PCSK9 inhibitors can lower circulating LDL-C, thereby treating dyslipidemia in T2DM (181, 182). Recent studies have shown that Patients who have prodromal diabetes but not yet T2DM lack plasma PCSK9 levels that can forecast their likelihood of developing T2DM (183). Circulating levels of PCSK9 are linked to dyslipidemia in T2DM, which we suggest is due to its unique physiological functions related to lipid metabolism, but its beneficial effects on metabolic organs cannot be ignored, and anti-PCSK9 treatments that focus on circulating PCSK9 have a minimal effect on the organs that are being targeted. To date, up to nine PCSK9 inhibition strategies have been or are being developed to either block it’s binding to LDLR or prevent its maturation, secretion, or synthesis (184). These therapies include the use of anti-PCSK9 monoclonal antibodies (e.g., two FDA-approved drugs: alirocumab and evolocumab) (185), antisense oligonucleotides (ASO), small interfering RNAs (siRNAs), vaccines and small molecules (186). In patients with type 2 diabetes and hypercholesterolemia or mixed dyslipidemia treated with statins, PCSK9 inhibitors significantly reduced LDL-C, non-HDL-C and apoB levels. In addition, favorable changes were observed in postprandial levels of celiac disease, VLDL-C, and LDL-C (187, 188). Therefore, inhibition of PCSK9 is a promising new way to improve dyslipidemia in patients with T2DM to prevent cardiovascular disease. It should be noted, however, that completed clinical trials have not shown adverse effects of PCSK9 inhibitors on the risk of diabetes, but the safety of the inhibitors should be validated in long-term randomized trials (189).




7  Conclusion and future perspective

The liver is a vital organ in the body’s reaction to alterations in nutritional condition because it performs a crucial part in glucose and lipid metabolism. This review summarizes the crosstalk of some feeding-induced hepatokines Adropin, Manf, Leap2, and Pcsk9 in the liver and extrahepatic tissues such as brain, adipose, heart, and pancreatic tissues, and by targeting these feeding-induced hepatokines is expected to be a possible therapy for T2DM to help in control and treatment.

Many recent studies have demonstrated the high sensitivity of the liver to metabolic changes during fasting and refeeding, and here we discuss the important role played by other hepatokines regulated during the feeding-fasting-refeeding cycle concerning energy and glucolipid metabolism. For instance, refeeding signals during intermittent fasting (IF) induce the liver to produce a release of pregnancy band protein (PZP), and circulating PZP binds to GRP78 on the cell surface via the p38 MAPK-ATF2 signaling pathway, increasing UCP1 expression in BAT. PZP acts as a key hepatokine regulating IF, triggering energy homeostasis via the liver/BAT axis (190). Another feeding-induced hepatokine Tsukushi (TSK), is also involved in regulating energy metabolism through the liver/BAT axis. TSK ablation enhances thermogenic gene expression in BAT and suppresses obesity-associated inflammation in the liver and adipose tissue. Meanwhile, TSK acts as a metabolic signal from the liver, balancing the activation of hypothalamic melanocortin circuits during feeding (191). Angptl8 is a key regulator of the liver clock in response to food. angptl8 is regulated by nutritional and hormonal factors, and feeding induces an increase in its levels (192). It has been reported that ANGPTL8 not only induces the expression of brown adipocyte markers (193) but also promotes subcutaneous white adipose tissue (SAT) browning under acute and chronic hypothermic conditions (194). Fibroblast growth factor 21 (FGF21) is known to be a hepatokine induced by fasting and is being pursued as a therapeutic target for diabetes and obesity due to its rapid and effective action in improving insulin sensitivity (195). However, several studies have also demonstrated that FGF21 maintains a presence and functional role even during feeding. The expression of the FGF21 gene is paradoxically regulated by fasting and feeding signals. On the one hand, two fasting signals, including PPARa and glucagon-PKA, increase the expression of FGF21 gene. On the other hand, glucose and xylitol, which are feeding signals, also induced FGF21 expression through ChREBP activation (196). Overall, expression of the human FGF21 gene is paradoxically independently regulated by fasting and feeding signals. These regulatory mechanisms suggest that FGF21 increases in response to nutritional crises, including starvation and overfeeding. Therefore, FGF21 levels are likely to be useful markers for determining our nutritional status. Additionally, recent studies have identified a novel fasting-induced hepatokine orosomucoid (ORM) 2 as a key regulator of hepatic de novo lipogenesis (DNL) production. ORM2 plays an important role in inhibiting lipogenesis and maintaining hepatic and systemic lipid homeostasis. Therefore, ORM2 and its analogs may provide a potential pharmacological treatment for dyslipidemia (197). All in all, most of the regulatory responses to diet initially occur in the liver, and hepatokines play a key role in maintaining nutritional homeostasis by regulating the metabolism of other organs as signal messengers from the liver.

Given the interaction between these feeding-induced hepatokines and multiple organs, further in vivo experiments are needed to investigate their relationship with glucolipid metabolism, energy homeostasis, and inflammation, thus presenting novel approaches for the clinical management of diabetes in the years to come. Important areas of future research include (1) understanding how preclinical evidence of feeding-induced hepatokines translates to human studies, (2) determining the mechanisms by which feeding-induced hepatokines and other secreted factors integrate to modulate metabolism through interorgan interactions, (3) determining the pathology of these hepatokines in the development of diabetes physiology, will help to improve the prevention and even the treatment of this disease.

We hope that this will systematize the knowledge of feeding-induced hepatokines and help establish new lines of research regarding their role in metabolic organs.
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Background

Laughter has been reported to have various health benefits. However, data on the long-term effects of laughter interventions on diabetes are limited. This study aimed to investigate whether laughter yoga can improve glycemic control among individuals with type 2 diabetes.





Methods

In a single-center, randomized controlled trial, 42 participants with type 2 diabetes were randomly assigned to either the intervention or the control group. The intervention consisted of a 12-week laughter yoga program. Hemoglobin A1c (HbA1c), body weight, waist circumference, psychological factors, and sleep duration were evaluated at baseline and week 12.





Results

Intention-to-treat analysis showed that participants in the laughter yoga group experienced significant improvements in HbA1c levels (between-group difference: −0.31%; 95% CI −0.54, −0.09) and positive affect scores (between-group difference: 0.62 points; 95% CI 0.003, 1.23). Sleep duration tended to increase in the laughter yoga group with a between-group difference of 0.4 hours (95% CI −0.05, 0.86; P = 0.080). The mean attendance rate for laughter yoga program was high (92.9%).





Conclusions

A 12-week laughter yoga program is feasible for individuals with type 2 diabetes and improves glycemic control. These findings suggest that having fun could be a self-care intervention. Further studies with larger numbers of participants are warranted to better evaluate the effects of laughter yoga.





Clinical trial registration

http://www.chinadrugtrials.org.cn, identifier UMIN000047164.
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1 Introduction

Diabetes is a chronic condition that requires lifelong self-management for metabolic control, such as healthy eating, regular physical activity, and self-monitoring of the blood glucose levels, as well as taking medication as prescribed (1, 2). Previous studies have shown that good glycemic control maintenance is important for reducing the risk of diabetes-related complications and mortality (3–5). However, it has been reported that about 40-60% of individuals with type 2 diabetes have not achieved good glycemic control in all regions of the world (6). For example, about 60% of individuals with type 2 diabetes in Japan and about half of those in the US, have not achieved the HbA1c < 7% glycemic target (7, 8). Furthermore, a study has found that despite greater utilization of newly developed glucose-lowering medications, concurrent improvements in overall glycemic control were not shown (9). These findings suggest that existing therapeutic options may not be sufficient for maintaining good glycemic control and investigating new complementary therapeutic approaches would be needed.

Previous studies have also found that individuals with type 2 diabetes had poor adherence to exercise and a healthy diet (10, 11). It would be difficult to sustain lifestyle changes (12), and efforts toward lifestyle modifications have the potential to cause emotional distress. On the other hand, it has been suggested that positive affect experienced during health behaviors facilitates long-term adherence to the behaviors (13). Previous studies have shown that people are more likely to intend to engage in a health behavior and to actually engage in it, when the behavior is seen as enjoyable (14, 15). A systematic review has found that pleasant affect experienced during exercise predicts future physical activity (16). Thus, we expected that enjoyable activities, which boost positive psychological states, would be useful as self-care behavior in individuals with type 2 diabetes.

In this study, we focused on laughter as an enjoyable diabetes self-care intervention. Laughter has been demonstrated to have various health benefits, such as reducing stress (17), enhancing the activities of natural killer cells (17–19), suppressing allergic reactions (20), and inhibiting increases in postprandial blood glucose levels (21). Prospective cohort studies demonstrated that a low frequency of laughter is associated with increased risks of functional disabilities, all-cause mortality, and cardiovascular diseases (22, 23). Additionally, laughter interventions have a positive effect on depression and the well-being of older adults (24).

We previously reported that the combination of laughter and exercise decreased hemoglobin A1c (HbA1c) levels among older adults (25). In that study, we combined watching comedy programs with a general exercise program to increase the participants’ enjoyment and enhance their motivation to attend the intervention. However, making all participants laugh by watching the same comedy programs is difficult. Different individuals have different preferences. In contrast, self-induced laughter, including laughter yoga, which combines simulated laughter with deep breathing, does not require humorous stimuli (26). Additionally, a study that examined the potential benefits of laughter-inducing therapies has suggested that simulated laughter not caused by humor or other stimuli is more effective than spontaneous laughter triggered by humorous stimuli (27). Therefore, we conducted a laughter yoga intervention in this study.

Laughter yoga is now used in many countries (28). Several studies have shown that it improves depressive symptoms (29), decrease the levels of stress hormones (30, 31), and improves heart rate variability (32). Additionally, a study has reported that laughter yoga inhibits increases in postprandial blood glucose levels in individuals with type 2 diabetes (33). However, that study has shown the effect of a single 30-min session of laughter yoga only, and to the best of our knowledge, little is known about the long-term effects of laughter yoga on diabetes.

Therefore, this 12-week randomized controlled trial investigated the effects of laughter yoga on glycemic control and psychological well-being in individuals with type 2 diabetes.




2 Materials and methods



2.1 Study design and participants

This study was a single-center, two-group, randomized controlled trial designed to evaluate the effects of laughter yoga on individuals with type 2 diabetes. The intervention was conducted at Osaka University from October 2015 to December 2015. The study protocol was approved by the Scientific Ethics Committee of Fukushima Medical University (no. 2028). The Declaration of Helsinki was followed, and reporting in this article is aligned with the Consolidated Standards of Reporting Trials standards. All participants provided oral and written informed consent. This trial was registered at the University Hospital Medical Information Network Clinical Trials Registry (no. UMIN000047164).

Participants were recruited at the Diabetes Center of Osaka University Hospital, between August 2015 and September 2015. Three diabetologists evaluated their outpatients for study eligibility and approached patients meeting the eligibility criteria. Eligible patients received a flyer and the study was explained. Patients were recruited in order of their visit until the number of participants reached the target sample size. The inclusion criteria were outpatients aged 40 years or older with type 2 diabetes, HbA1c levels ranging from 6.1% to 7.9%, and changes in HbA1c levels < 1.0% during the last 3 months before baseline measurements. The glycemic control target is set at HbA1c <7.0% in Japan and modification of treatment (including intensive pharmacotherapy or insulin treatment) is needed when HbA1c level exceeded 8% (34). In addition, it would be difficult to determine whether the change in HbA1c level is due to the laughter yoga intervention or other factors in patients with originally large HbA1c fluctuations (unstable diabetes) before the laughter yoga intervention. Therefore, we included patients with HbA1c level changes of <1.0% during the last 3 months before baseline measurements (with stable treatment status). Patients with active coronary heart disease or stroke were excluded to reduce the risk of adverse events due to the intervention (e.g., a cardiac event during physical activity). Additionally, patients who could participate in light to moderate–intensity exercises were included, and those with other vascular complications and severe illness were excluded.

Before randomization, the participants were informed that similar laughter yoga sessions would be held after the study period for those who were allocated to the control group to reduce the reporting bias.




2.2 Intervention

All participants continued to receive standard therapy for diabetes as they received before the study began. The control group continued the standard therapy and the intervention group received the standard therapy plus the laughter yoga program. Standard therapy included taking oral hypoglycemic medications, receiving advice from the doctor in charge of dietary modifications and physical activity in accordance with the “Treatment Guide for Diabetes” in Japan (35). Three participants received insulin therapy (one participant in the intervention group and two in the control group); the other participants received oral hypoglycemic agents. The control group was instructed to spend the study period as usual.

The participants in the intervention group received laughter yoga program once a week during the first 4 weeks and then every other week during the last 8 weeks. In total, eight sessions over 12 weeks were provided. The duration of laughter yoga intervention in previous studies ranged from 4 weeks to 8 weeks (28). However, a systematic review assessing the effects of yoga intervention on cardiovascular disease risk factors reported that the effects were most prominent in randomized controlled trials with 12 weeks of intervention duration (36). Therefore, we considered 12 weeks of intervention as appropriate. Every session began with a lecture of approximately 30 min on laughter and health, followed by a 60-min laughter yoga session. The laughter yoga session was based on the standardized laughter yoga program and the mini-lecture was added. The purpose of the lecture was to relax the participants and create a friendly atmosphere before the laughter yoga. Laughter yoga sessions were group-based interventions and guided by certified laughter yoga trainers from the Japan Laughter Yoga Association. All sessions were delivered by the same laughter yoga trainers to unify the contents of the intervention.

Laughter yoga is a kind of exercise consisting of deep breathing and voluntary laughter in a sitting or standing position. Each laughter yoga session consisted of warm up exercises, deep-breathing exercise, laughter exercise, and calming activity. At the beginning, the participants were asked to clap their hands along with saying the phrase “Ho, Ho, Ha, Ha, Ha,” as a warm up exercises. Then, deep breathing with laughter were performed. Subsequently, the participants were asked to participate in voluntary laughing imaging in a variety of situations, including 5-min break. For example, when doing the “milkshake laughter,” participants were asked to imagine that they have a glass of milk in their right hand and a glass of their favorite fruit juice in their left hand. They pretended to pour the milk from one glass into the other and pour it back into the first glass (to mix them). Then, they pretended to drink the milkshake, with a laugh. Finally, the participants were asked to close their eyes and relax.




2.3 Outcomes

The primary outcome was changes in HbA1c levels from the baseline to the 12-week follow-up measurement. Exploratory outcomes included changes in body weight, waist circumference, body mass index (BMI), positive affect, negative affect, subjective stress, and sleep duration from baseline to the 12-week follow-up. Physical examination and self-administered questionnaire were assessed on weeks 0 and 12.

HbA1c levels were measured in capillary whole blood, collected by finger prick, using the COBAS b101 point-of-care system (Roche Diagnostics International Ltd, Rotkreuz, Switzerland). Body weights were measured using a UC-322 weighing scale (A&D Co. Ltd., Tokyo, Japan), and BMIs were calculated as follows: weight (kg)/height squared (m2). Waist circumference was measured halfway between the lower border of the ribs and the iliac crest using a measuring tape.

The following data were obtained via a self-administered questionnaire: height; lifestyle factors, such as smoking and drinking habits, sleep duration, and physical activity; and psychological factors. Positive and negative affects were assessed using the Japanese version of the 15-item Geriatric Depression Scale (GDS-15) (37). Most study participants were at least 65 years old. Thus, the GDS-15 was used for the assessment of psychological status. The GDS-15 is widely used to screen depression among older adults. Although the factor structure of the GDS-15 varies across study populations and language groups, a meta-analysis showed that the positive mood factor, including five items (Are you basically satisfied with your life? Are you in good spirits most of the time? Do you feel happy most of the time? Do you think it is wonderful to be alive now? and Do you feel full of energy)? is the most similar across languages (38). In this study, we used the 5 items as an indicator of positive affect and another 10 items as an indicator of negative affect. In a previous study, the Cronbach’s alpha value was 0.72 for the 5 positive affect items and 0.82 for the 10 negative affect items in community-dwelling older adults in Japan (39). All GDS-15 items were assessed in a “yes/no” format. We calculated the sum of the presence of the positive affect and that of the negative affect (yes = 1, no = 0), respectively. In this study, positive (0–5) and negative (0–10) affect summary scores were created. Subjective stress was assessed using a single item (“Do you feel stressed at work or in daily life?”) with four response options: very much = 4, quite a lot = 3, a little = 2, and not at all = 1. In addition, we took attendance in every session and calculated the attendance rate.




2.4 Sample size calculation

A previous study reporting that laughter can decrease HbA1c levels in older adults without diabetes (25) revealed a 0.19% difference in HbA1c changes between the intervention and control groups. A meta-analysis reported that low to moderate–intensity resistance exercises reduced HbA1c levels by 0.23% in individuals with type 2 diabetes (40). Therefore, we assumed a 0.2% difference in the mean decrease in HbA1c levels between the intervention and control groups (standard deviation of 0.2). A sample size of 44 participants (22 in each group) was sufficient to detect the difference of 0.2% between groups using a two-tailed t-test of the difference between means with 90% power and a 5% significant level. The required sample size was 48, considering a dropout rate of 10%.




2.5 Randomization

After baseline measurements were completed, the participants were stratified according to sex and randomly allocated to either the intervention (laughter yoga program and standard therapy) or control (standard therapy only) group in a 1:1 ratio according to a computer-generated sequence. All randomization was carried out by a researcher who was not involved with participant enrollment. Participants were informed of their group assignment after consent and baseline measurements. Outcome assessors were blinded to group allocation.




2.6 Statistical analysis

Data were analyzed according to an intention to treat principle, with the baseline value carried forward for missing data. The differences in baseline characteristics between the two groups were tested using independent samples t tests for continuous variables and chi-square tests for categorical variables. Mann-Whitney U tests were used when the continuous variables were not normally distributed. The changes in measurements between the baseline and the 12-week follow-up in both groups were compared using paired-samples t tests. Unadjusted differences of changes from baseline to the 12-week follow-up between the two groups were analyzed using the independent samples t tests. Differences in changes between the two groups adjusting for age, BMI and each dependent variable value at baseline were analyzed using analysis of covariance. As a further check, per-protocol analyses excluding dropouts were conducted. Attendance rates for laughter yoga program were calculated by dividing the number of sessions attended by the number of sessions prescribed (41). All analyses were conducted using Statistical Package for the Social Sciences (IBM Corporation, Armonk, NY, USA). P-values of less than 0.05 were used to denote statistical significance.





3 Results

Forty-five eligible participants were enrolled in the study, and 42 agreed to participate in this study and underwent baseline measurements. Twenty-one participants were assigned to the laughter yoga group and 21 participants were assigned to the control group (Figure 1). One person in each group dropped out because of personal reasons. Both groups had high retention rates of 95%. The mean attendance rate for the laughter yoga program was 92.9%. No serious adverse events occurred. No changes in the content of the medical treatment occurred in either group during the study period.




Figure 1 | Consolidated Standards of Reporting Trials (CONSORT) diagram of study participants.



The baseline characteristics of the 42 participants stratified by groups are shown in Table 1. No significant differences in baseline characteristics were observed between the two groups. The Cronbach’s alpha value was 0.70 for the positive affect items and 0.51 for the negative affect items.


Table 1 | Baseline characteristics of the participants.



Table 2 presents the changes from baseline to 12th week follow-up. The mean HbA1c levels changed from 7.07% to 6.82% in the laughter yoga group and from 7.19% to 7.26% in the control group. The unadjusted difference between the two groups was statistically significant (−0.31%; 95% confidence interval [CI]: −0.54% to −0.09%; P = 0.008). The adjusted difference (adjustment for age, BMI and HbA1c level at baseline) was also significant (P = 0.002). The positive affect score significantly increased in the laughter yoga group (between-group difference: 0.62 points; 95% CI 0.003 to 1.23; P = 0.049), although the adjusted between-group difference (adjustment for age, BMI and positive affect score at baseline) was not statistically significant (P = 0.139). A trend toward an increase in sleep duration was observed in the laughter yoga group with a between-group difference of 0.4 hours (unadjusted: 95% CI −0.05 to 0.86; P = 0.080), and the adjusted difference was marginally significant (P = 0.054). No significant differences in body weight, BMI, waist circumference, negative affect, and subjective stress were found between groups. Per-protocol analyses excluding dropouts and missing data in the follow-up questionnaire revealed a very similar pattern of results for all outcomes (Table 3).


Table 2 | Physiological and psychological changes during the intervention in the laughter yoga and control groups.




Table 3 | Physiological and psychological changes during the intervention in the laughter yoga and control groups using per-protocol analyses.



At baseline and 12-week follow-up, 14 (66.7%) and 19 (90.5%) individuals in the laughter yoga group, and 10 (47.6%) and 8 (38.1%) individuals in the control group reported having exercise at least twice a week, respectively. The number of individuals with exercise habits increased in the laughter yoga group but with no statistical significance. However, the adjusted between-group difference of HbA1c remained statistically significant after adding the change in exercise habits as a covariate. The mean change in HbA1c was 0% in the five participants who reported increased exercise habits and −0.32% in the 16 participants without exercise habit changes. Additionally, the number of individuals who reported eating until full and skipping breakfast was not significantly different between the two groups at baseline and 12-week follow-up (data not shown). The number of individuals who reported eating until full and skipping breakfast remained from baseline to 12-week follow-up in both groups.




4 Discussion

The results of this study showed that laughter yoga program for 12 weeks decreased HbA1c levels in individuals with type 2 diabetes. Additionally, the high attendance rate suggests that the program is feasible for the participants. To the best of our knowledge, this is the first randomized controlled trial that has evaluated the long-term effects of laughter yoga on glycemic control in individuals with type 2 diabetes.

The findings of the current study are consistent with previous studies demonstrating that laughter by watching a comedy show for 40 min (21) or a single 30-min session of laughter yoga (33) inhibits the increase in postprandial glucose levels in individuals with type 2 diabetes. The findings are also consistent with our previous study showing that the combination of laughter by watching comedy shows and exercise for 10 weeks decreased HbA1c levels among older adults (25).

The mean HbA1c levels changed from 7.07% to 6.82% in the laughter yoga group. Recent study has shown that maintaining HbA1c levels at <7% over 5 years is associated with significant reductions in the odds of being diagnosed with diabetes-related complications (3). Another study found that the secondary structure of hemoglobin in individuals with good glycemic control (HbA1c < 7.0%) was not significantly altered although elevated HbA1c levels contribute to hemoglobin structural modifications, which are associated with pathological complications in type 2 diabetes mellitus (42). A previous meta-analysis reported that every 1% increase in HbA1c is associated with a 15% increase in the hazard of all-cause mortality, a 25% increase in cardiovascular disease mortality, a 17% increase in cardiovascular diseases, and an 11% increase in stroke, and suggested a positive dose-response trend between HbA1c levels and cardiovascular outcomes in people with type 2 diabetes (5). A recent study in the USA also demonstrated that a 1% reduction in HbA1c is associated with a 13% reduction in diabetes-related total healthcare costs, resulting in an annual cost savings of $736 (43). Thus, changes in HbA1c in this study might be clinically significant in patients with type 2 diabetes.

A meta-analysis found that, in individuals with type 2 diabetes, low-to-moderate-intensity resistance exercise reduced HbA1c levels by 0.23%, and high-intensity resistance exercise reduced HbA1c levels by 0.61% (40). The 0.24% reduction in HbA1c levels in this study is similar to the effects of low-to-moderate-intensity resistance exercise. Another meta-analysis reported a 0.33% reduction in HbA1c levels in a psychological treatment group compared with a control group, and greater improvements in participants with higher baseline HbA1c levels (44). Similarly, a systematic review of healthcare interventions reported a 0.34% reduction in HbA1c levels, and subgroup analysis showed that populations with baseline HbA1c levels > 9.5% exhibited more reduction in HbA1c (0.58%) than populations with baseline HbA1c levels < 9.5% (0.17%) (45). Considering that the average baseline HbA1c level in our study was 7.1%, laughter yoga may be effective as an adjunctive therapy for the management of type 2 diabetes.

Although the mechanisms remain unclear, there are several possibilities for the effect of laughter yoga on diabetes. First, it has been reported that laughter upregulates genes related to natural killer cell activity in individuals with type 2 diabetes, which may ameliorate glucose intolerance (18). Second, laughter could influence glycemic control through the effects of positive affect that accompanies laughter. Positive psychological constructs such as positive affect, optimism and self-efficacy have been suggested to increase adherence to health behaviors (46), which may benefit individuals with type 2 diabetes. A longitudinal cohort study has also reported that positive affect such as enjoyment of life predicts lower risk of mortality in older adults with diabetes (47). In the present study, positive affect significantly increased from baseline to the 12-week follow-up in the laughter yoga group, which might be beneficial for glycemic control. In addition, laughter might have a stress-buffering effect. It has been reported that diabetes-related distress predicts poor glycemic control and poor medication adherence (48). Laughter yoga could attenuate cortisol stress response (30), which might buffer against the negative impact of stress. Third, increased energy expenditure during laughter might be beneficial for glycemic control. A study has suggested that 10–15 min of voiced laughter (by viewing a humorous film) could increase energy expenditure by 10–40 kcal (49). Laughter yoga may increase energy expenditure more than laughter during watching a humorous film, although no studies have examined energy expenditure during laughter yoga.

It has been reported that when people experience positive affect during a specific behavior, they are more likely to continue that behavior (14). The positive affect experienced through laughter yoga may have led to the high attendance rate in the laughter yoga program. Although most health behaviors are difficult to sustain, continuing laughter yoga as a habit may be relatively easy.

In this study, sleep duration tended to improve. This finding is consistent with previous studies reporting that laughter has favorable effects on sleep quality or insomnia. One study has shown that 1 h of laughter therapy once a week for 4 weeks improves insomnia and sleep quality among older individuals (50). Another study has reported that a 30-min laughter yoga session twice weekly for 8 weeks improves sleep quality in patients undergoing hemodialysis (51). Additionally, a significant correlation was observed between changes in sleep duration and HbA1c levels in the laughter yoga group (r = −0.47; P = 0.050). It has been reported that short sleep durations (less than 4.5–6 h/night) are associated with increased HbA1c levels in individuals with type 2 diabetes (52). Thus, the increase in sleep duration in the laughter yoga group might be associated with better glycemic control.

Laughter yoga combines simulated laughter with yoga breathing techniques. The effects of laughter and the effects of yogic breathing are difficult to distinguish because laughter also consists of mixed patterns of expiration, inspiration, and interval pauses (53). It has been reported that voiced laughter causes a 10%–20% increase in energy expenditure and heart rate compared with resting values (49), and may activate sympathetic activity (54). In contrast, most yogic breathing practices result in a parasympathetic shift of autonomic nervous system activity (55). Laughter may have effects similar to exercise, and yogic breathing may enhance the effects of relaxation. However, this study did not measure the heart rate. Further studies are needed to assess the effects of laughter yoga on the autonomic nervous system.

This study conducted a 12-week laughter yoga intervention. In a systematic review of the effects of laughter-inducing interventions, the duration of most laughter yoga interventions ranged 4 to 8 weeks and one study conducted a 12-week laughter yoga intervention (28). Another systematic review of the effects of laughter yoga in older adults reported that the duration of interventions ranged from 4 to 6 weeks (26). To our best knowledge, little is known about the effects of longer-term laughter yoga interventions and it remains unclear which duration of intervention is most effective. It is possible that longer-term intervention is more effective. On the other hand, a systematic review on yoga for type 2 diabetes reported that the duration of yoga intervention ranged one week to 26 weeks (a median of 12 weeks) (56). Additionally, a meta-analysis assessing the effects of yoga intervention on cardiovascular disease risk factors reported that the effects were most prominent in randomized controlled trials with 12 weeks of intervention duration, and fewer effects were found in shorter or longer interventions (36). More studies with various duration of laughter yoga intervention including especially longer-term interventions are needed to examine the most effective intervention duration.

In this study, we did not assess the sustainability of the effects of the intervention after the study period. Further follow-up studies are needed to examine how long the effects of laughter yoga are maintained. A meta-analysis showed that improved physical activity through behavioral change interventions is generally not sustained after the intervention (57). Motivating participants to continue laughter yoga beyond intervention termination would be important (e.g., introducing laughter yoga class in the local community or recommending making a new laughter yoga group).

This study has several limitations. First, the number of participants was small, and the study was conducted in a single center. Multicenter studies with larger sample sizes are needed to better understand the intervention’s efficacy and generalizability. The study participants were all Japanese living in an urban area and outpatients of the university hospital with relatively good glycemic control. Our findings may not apply to different populations, including other ethnic groups, those living in rural areas, and those with poorly controlled type 2 diabetes. Further studies are needed to evaluate the effects of laughter yoga on glycemic control in different populations. In contrast, the effects of laughter yoga on mental health have been reported worldwide (Asia, the Middle East, Australia, and United States) and in different clinical settings (28, 58). Therefore, this intervention could be applied to various populations. Second, changes in unknown psychosocial or lifestyle factors that were not assessed in this study might have affected glycemic outcomes. Additionally, group activity participation might have beneficial effects. Communicating with other participants and developing a sense of community could improve their motivation to attend the intervention. Third, diabetes-related distress was not assessed in this study. Further study is needed to assess distress using validated questionnaires. Fourth, positive and negative affect was measured using items from GDS-15. The Cronbach’s Alpha value in this study was acceptable for the positive affect items, however the value was relatively low for the negative affect items. The Cronbach’s Alpha value is influenced by the number of items, item inter-relatedness, and dimensionality, and a small number of items will underestimate the reliability (59). A study has suggested that a value of 0.50 is satisfactory when the items are fewer than 20 (60). However, using the ten items as one factor may not be suitable for this study population. Negative affect has various types. The factor structure of the GDS-15 has been reported to vary depending on the study population (38). For example, a study among community-dwelling older Japanese reported three factors: depressed mood, positive affect, and energy loss (61). Another study that included home-dwelling poststroke patients in Japan reported two factors: the positive affect and the depressed mood, including lack of energy (62). In addition, although the GDS-15 includes components of positive and negative affect, they might not represent pure positive and negative affect. Fifth, comorbid psychological conditions were not considered in the exclusion criteria. In terms of depression, no individuals received treatment for depression after confirming the medication status, and the baseline scores of the GDS-15 did not indicate depression in any participants. Sixth, sleep duration was self-reported, which might have affected the reliability of the data.

In conclusion, laughter yoga for 12 weeks decreased HbA1c levels in individuals with type 2 diabetes, and the program is feasible with a high attendance rate. The importance of psychological well-being in individuals with diabetes has been gradually recognized, and positive psychological interventions have been recommended (63). We propose that having fun could be a self-care intervention. Although further studies with larger numbers of participants are warranted to better evaluate the beneficial effects, laughter yoga may be applied as an easy, enjoyable, and effective option for self-managing type 2 diabetes.
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Background

The notion that pediatric type 1 diabetes impacts brain function and structure early in life is of great concern. Neurological manifestations, including neurocognitive and behavioral symptoms, may be present from childhood, initially mild and undetectable in daily life. Despite intensive management and technological therapeutic interventions, most pediatric patients do not achieve glycemic control targets for HbA1c. One of the most common causes of such poor control and frequent transient hyperglycemic episodes may be lifestyle factors, including missed meal boluses.





Objective

The aim of this study was to assess the association between specific neurocognitive accomplishments—learning and memory, inhibition ability learning, and verbal and semantic memory—during meals with and without bolusing, correlated to diffusion tensor imaging measurements of major related tracts, and glycemic control in adolescents with type 1 diabetes compared with their healthy siblings of similar age.





Study design and methods

This is a case–control study of 12- to 18-year-old patients with type 1 diabetes (N = 17, 8 male patients, diabetes duration of 6.53 ± 4.1 years) and their healthy siblings (N = 13). All were hospitalized for 30 h for continuous glucose monitoring and repeated neurocognitive tests as a function of a missed or appropriate pre-meal bolus. This situation was mimicked by controlled, patient blinded manipulation of lunch pre-meal bolus administration to enable capillary glucose level of <180 mg/dl and to >240 mg/d 2 hours after similar meals, at a similar time. The diabetes team randomly and blindly manipulated post-lunch glucose levels by subcutaneous injection of either rapid-acting insulin or 0.9% NaCl solution before lunch. A specific neurocognitive test battery was performed twice, after each manipulation, and its results were compared, along with additional neurocognitive tasks administered during hospitalization without insulin manipulation. Participants underwent brain imaging, including diffusion tensor imaging and tractography.





Results

A significant association was demonstrated between glycemic control and performance in the domains of executive functions, inhibition ability, learning and verbal memory, and semantic memory. Inhibition ability was specifically related to food management. Poorer glycemic control (>8.3%) was associated with a slower reaction time.





Conclusion

These findings highlight the potential impairment of brain networks responsible for learning, memory, and controlled reactivity to food in adolescents with type 1 diabetes whose glycemic control is poor.





Keywords: type 1 diabetes, glycemic control, adolescents, brain domains, diffusion tension imaging, cognitive performance





Introduction

The notion that diabetes mellitus (DM), one of the most prevalent chronic conditions in youngsters, impacts brain function and structure is far from new (1, 2). The theory was first proposed in 1922 (3) and has intrigued many investigators since then, especially regarding its effect on the quality of life. Type 1 diabetes (T1D) remains incurable, the outcome of an autoimmune assault on the insulin-producing pancreatic beta cells in genetically susceptible children (4, 5). Despite intensive management and technological interventions in therapy, most pediatric T1D patients fail to achieve glycemic control goals (6, 7), mainly due to inaccurate, late, or a lack of meal boluses. This may lead to a poorer prognosis for long-term diabetic complications (8). Neurological manifestations, including neurocognitive and behavioral complications, may appear soon after disease onset during childhood and adolescence (9). Studies show that brain volume alterations are detectable in childhood and have long-term influences on adulthood (10, 11).

Although the association between T1D and neurocognitive impairment is well known, the debate today focuses on which abilities are affected, their onset according to disease acquisition, and the underlying mechanisms. The brains of children and adolescents undergo constant change as they re-modulate into adulthood. In line with these changes, personality and abilities are formed in parallel with the continuously redesigned micro and macro-structure of the brain. It is thus critical to understanding the full impact of T1D on the brain, in addition to the impact of glycemic control and, in particular, of glycemic excursions (12), especially in children and adolescents. Glucose is the main brain fuel. Its uptake in the brains of young children reaches adult levels at the age of 2 and is almost double that by 5 years of age, falling back to adult levels at approximately 10 years of age (13). Approximately 25% of total adult glucose consumption is used for brain metabolism (14). These figures suggest that the brain may be vulnerable to glycemic extremes, especially during the first two decades of development (13). Missed meal boluses are known to be both frequent and devastating in the long term in adolescents with T1D and poor glycemic control. Furthermore, a significant association has been demonstrated between frequently missed boluses in pediatric T1D patients with poor glycemic control, and complications (8, 15).

A study that combines the parameters of acute glucose excursions and chronic glycemic control with neurocognitive assessment is thus required. As reported in the review we performed when preparing the study protocol (1), more than 40 years of diabetes research have demonstrated brain alterations and an increased risk of cognitive decline in T1D (16). These findings can now be corroborated by exploring changes in neural network activity using methods such as diffusion tensor imaging (DTI). Conventional MR techniques, such as T1- and T2-based measurements, cannot provide detailed information about the integrity and location of white matter (WM) tracts. DTI provides unique biologically and clinically relevant information for the study of diabetes-related alterations in the integrity of neuronal pathways (17–24). Based on MR measurement of the speed of water diffusion in tissues, it enables the characterization of tissue composition, physical properties, and architectural organization (25). With tractography, WM pathways can be traced in vivo, permitting the study of the nature of damage to WM tracts.

The overarching hypothesis of the association between acute transient and long-term hyperglycemia, explored in the research described here, is an anticipated relationship between neurocognitive performance in adolescent patients with T1D, as influenced by diabetes glycemic control, and its association with the quantitative parameters of WM in specific major pathways.





Materials and methods




Study design

This report includes findings from a wider, case-control proof-of-concept study conducted at the Pediatric Neurology and Epilepsy Department Research Unit (PNRU) at the Shamir (Assaf Harofeh) Medical Centre (SHMC), Be'er Ya'akov, in collaboration  with SHMC’s Neuroradiology Institute and Pediatric Endocrinology and Diabetes Institute, the Hadassah Medical Center’s Neurology Department, and Bar Ilan University’s Gonda Multidisciplinary Brain Research Center. The study observed the Helsinki Declaration’s ethical principles for biomedical research involving human patients, together with local and national regulations. Prior to enrollment, all participating institutions obtained approval from their ethics committees and Israel’s Health Ministry’s Helsinki Committee. The study, with its full protocol, is listed at www.clinicaltrials.gov (NCT02923323).





Study population

The study population comprised 12- to 18-year-old T1D patients who were being cared for at SHMC’s Pediatric Endocrinology and Diabetes Mellitus Institute, along with their healthy siblings of similar age. Healthy siblings, sharing close genetic profiles and similar environments, were a natural control group. Inclusion criteria for the T1D group were a T1D diagnosis according to ADA criteria (26) and a basal-bolus regimen for more than 2 years. Exclusion criteria were more than one severe hypoglycemic event or more than one episode of diabetic ketoacidosis (DKA), other than at diagnosis. The exclusion criteria for all participants comprised a history of head injury, epileptic episodes, psychiatric medications, renal or liver function abnormalities, and language limitation. The study population was divided into three groups: healthy control siblings, T1D patients with good glycemic control, and T1D patients with poor glycemic control. Glycemic control clusters were defined as glycated hemoglobin (HbA1c) above 8.3% as poor control, and HbA1c ≤ 8.3% as good control according to the EXCHANGE study results, with a mean teenager HbA1c of 8.26% in a large population (27).

Out of the 31 adolescents recruited, 8 were in the better glycemic control group, 9 were in the poorer glycemic control group, and 13 healthy siblings comprised the control group. One T1D participant from the better-controlled group was excluded due to incidental abnormal MRI scans. Five participants (two with T1D and three controls) did not undergo MRI for technical reasons.





Study setup: Three sessions performed in 1–4 weeks

Session 1 comprised signing informed consent by parents and participants and obtaining medical histories, physical assessments, baseline cognitive and lingual readiness by parents and participants, and cognitive assessments of participants.

Session 2 was a 30-h stay at the PNRU for neurocognitive assessments while monitoring food intake, glucose levels, and insulin administration. A specific neurocognitive test battery was performed twice, each time 2 h after lunch—at glucose >240 mg/dl and glucose ≤180 mg/dl. The glucose level was randomly and blindly manipulated before lunchtime tasks: rapid-acting insulin was administered before lunch on one day, and an injection of 0.9% NaCl solution was given before a lunch bolus on another day. Additional tasks were performed without insulin manipulation during hospitalization.

Session 3 comprised brain imaging with a prior capillary glucose measurement to verify levels of 70–240 mg/dl.





Measurements

Clinical data were retrieved from medical files; they included demographic information :age, gender, and socioeconomic status by home address. The SEP (socioeconomic position) based on home address was analyzed according to the Israel Central Bureau of Statistics Characterization and Classification of Statistical Areas within Municipalities and Local Councils by Socio-Economic Level of the Population, 2015. The SEP index classifies neighborhoods and localities into clusters, with 1 being the lowest rating and 10 being the highest. It is an adjusted calculation of 14 variables that measure social and economic level in four domains—demographics, education, standard of living, and employment. (28), clinical data :diabetes duration, annual HbA1c based on 3 last annual measurements, and complications.  Physical examination elicited weight, height, body mass index (BMI), (SDS were calculated by CDC 2000 growth charts) (29), and Tanner staging (30). Glycemic control was defined according to HbA1c (26).




Glucose level measurements

ISG was assessed using a blinded CGMS (Minimed Inc., Sylmar, CA). Capillary glucose was measured regularly before meals and 2 hours after, and prior to neurocognitive testing. Patients and the neurocognitive team were blinded to glucose levels measured prior to neurocognitive tests.





Neurocognitive and psychosocial measurements

Neurocognitive data included a designed battery of tasks specifically modified for food intake. This report refers to the following tasks:

	The Word Selective Reminding Test (%) subset 3 of the Test of Memory and Learning (TOMAL-2) (31) measures the ability of learning and immediate verbal recall. The examiner reads off a list of words to the participant, who is encouraged to recall as many of them as possible, regardless of the order of recall. After each trial, the examiner reminds the participant of the forgotten words and reads out the word list again. The subtest ends when the participant remembers every word on two consecutive trials, or after eight trials, regardless of memory proficiency (32).

	The Day and Night Task—Emotional Stroop for Eating Disorders (EST-ED), which is specifically designed, modified, and computerized to evaluate response inhibition to emotional food-related stimuli. It had two general shapes, each presented in three versions—one signifying an edible item and two as controls. Six stimuli were presented: nonfood pictures (for example, the moon and sun), food pictures (for example, a sweet item, a banana, and a low-sugar item, such as an egg), and two natural pictures (for example, an umbrella and a flower) (Figure 1). All items were shown at random with neutral emotion. Participants were instructed to push one button in reaction to stimulations similar to the moon and another in reaction to those similar to the sun (33, 34). The task was specifically modified for the study. Dependent measures analyzed for the study’s purposes were accuracy and response time in emotional Stroop response (sun–moon), emotional nonfood Stroop (umbrella–flower), and emotional food Stroop (banana–egg).

	The Visual Update Task is a spatial–figural updating task that evaluates the executive function of updating and the monitoring of working memory representations often associated with the prefrontal cortex dorsolateral section. To succeed, participants must monitor and code relevant incoming information and correctly adjust items held in their working memory by replacing old information with that which is newer and more pertinent (35). Our modified computerized task consisted of differently colored house shapes presented in different positions within a flower-shaped frame. Depending on the trial’s load level, two to five different colors were used. The colored houses were presented one at a time, with participants asked to keep track of the last position of each color. At recall, the differently colored houses that had been shown were presented again, one at a time within the frame. Participants responded by clicking the mouse in the area of the frame where the color had appeared (Figure 2).

	The Object Recall Task is a computerized semantic memory task in which new objects with different casings are presented on two possible backgrounds: blue (calming arousal) and yellow (exciting arousal). The task, described in an unpublished thesis by Tamar Schwarz of Bar Ilan’s Department of Psychology, is based on an fMRI paradigm of semantic object representation (36) that was modified for our study. Initially, a series of objects shown against a colored background were presented to the participant, who was asked to remember as many as possible (Figure 3). The objects were then presented again, in succession, without backgrounds, and the participant was required to indicate whether they had been previously presented and whether against a yellow or blue background. Semantic memory of visually presented recall objects involves the thalamus, pre-supplementary motor area, and several other somatic cortical regions (37). We analyzed responses for accuracy and response time.






Figure 1 | Day–night emotional Stroop stimuli.






Figure 2 | Visual Update Stimulus example.






Figure 3 | Object Recall examples.



Data were anonymized and coded by the neurocognitive team prior to analysis, according to clinical and glycemic measures.





Brain imaging measurements

Magnetic resonance imaging (MRI) scans were performed on a Siemens Medical Solutions 3.0-Tesla MRI scanner at SHMC. The T1 scans were used as an anatomical reference, while DTI was used to map neuronal tracts and evaluate brain WM properties. This was performed without sedation or contrast material.





MR data acquisition

T1 data were collected at a spatial resolution of 0.8 × 0.8 mm voxels, with 0.9-mm-thick axial slices covering the entire brain with no gaps. Repetition Time/Echo Time (TR/TE) = 2,000/2.41 ms, field of view (FOV) 137 = 245 mm, matrix size = 287 × 287. Scanning time was approximately 5 min.

DTI data acquisition protocol was as follows: b-value = 1,000 s/mm2, along 30 non-collinear gradient directions (plus one b0 image), TR/TE = 15,000/91 ms, matrix size = 113 × 113, and a flip angle of 90°. Spatial resolution was 1.5 × 1.5 mm voxels, with 1.5-mm-thick axial slices with no gaps covering the entire cortex. Scanning time was about 9 min. Data were analyzed using MATLAB and C++-based software tools—SPM software (version 12, UCL, Queen Square Institute of Neurology, London, UK) and mrVista packages (http://white.stanford.edu/newlm/index.php/Software). This included correction for head movement and image artifacts, and the normalization and creation of a reference volume using a T1-weighted, AC-PC-aligned image. T1-weighted images were used for grey matter (GM) and WM volume assessment.





DTI data preprocessing

Using the mrDiffusion package from VISTA, the DTI data preprocessing pipeline had three additional steps:

	1. Correct DTI data for eddy current and movement noise and align these to the anatomical reference.

	2. For each voxel in the scanned volume, fit a tensor model based on a Gaussian diffusion signal decay model and linear least-squares fits. Then, extract the three eigenvalues (Λ1, Λ2, and Λ3) by tensor diagonalization and calculate the FA (an index that reflects the orientation of diffusion—mainly the uniform directionality of the tract, and it is high along well-defined pathways), AD (the rate of diffusion in the principal diffusion direction of the voxel), and RD (the rate of diffusion perpendicular to the principal diffusion direction of the voxel) according to the following equations:





 

 

	3. From the tensors created in the preprocessing procedure, create DTI maps (FA, RD, and AD) for each participant.







Fiber tracking and quantification

Automated fiber quantification (AFQ) (open source and freely available at https://github.com/yeatmanlab/AFQ) was used for the automated identification and quantification of cerebral WM pathways. This software package uses mrDiffusion functions and specially built functions and scripts executed with MATLAB. As first published in 2012, the AFQ automated fiber tract segmentation has proven to be equivalent to the time-consuming manual techniques that served as the gold standard (38). It is now widely used in clinical trials but has a particular advantage in this study as it was demonstrated in healthy children and adolescents.

First, tracing is initialized from the hemisphere mask: eight seed points are placed at equidistant locations in all voxels with an FA value greater than 0.3. Fiber tracts are estimated using a deterministic streamlined tracking algorithm (39) with a fourth-order Runge–Kutta path integration method. For tracking purposes, a continuous tensor field is estimated using trilinear interpolation of the tensor elements. Paths were tracked with a 1-mm step size; the stopping criterion was FA< 0.2 or tracking angle > 30°. The methodology and algorithms for the automated segmentation, tract cleaning, and tract quantification procedures are described elsewhere (38). AFQ was used to trace 20 tracts, including corpus callosum segments, corticospinal tract, thalamic radiation, cingulum cingulate, cingulum hippocampus, superior longitudinal fasciculus, inferior longitudinal fasciculus, inferior fronto-occipital fasciculus, uncinate, and the arcuate, and to segment the corpus callosum into eight cortical segments. Each of the 28 tracts was resampled to 100 equally spaced nodes, and diffusion properties were calculated for each node of each fiber (Figure 4). The mean and standard deviation were calculated for each diffusion property at each node of each tract for the healthy participants. A confidence interval was generated for each tract to quantify the similarity of each patient to the standard tract profile of the healthy group.




Figure 4 | Example of a healthy participant’s FA profile of the right SLF.







Callosal segmentation

The callosal segmentation of regions of interest (ROIs) deep in the WM was based on Huang (40) and Dougherty (41). This protocol was extended in a previous study by dividing the superior frontal segment into two parts, using the medial branching of the precentral sulcus as an anatomical landmark. Based on the cortical destinations of callosal fiber tracts, the corpus callosum was divided into eight segments: orbital, anterior frontal, superior frontal, motor (posterior frontal), superior parietal, posterior parietal, temporal, and occipital. A dual analysis using both ROI-based segmentation and selecting fiber segments was performed with the AFQ software. The original AFQ package was created for the segmentation of 20 major tracts, as defined by Mori et al. (42), with additional WM tracking functions added over the years. Bar Ilan’s Neurolinguistics Lab in the Gonda Multidisciplinary Brain Research Center and Stanford’s Wandell Lab in the Center for Cognitive and Neurobiological Imaging collaborated to add special functions for callosal segmentation to the AFQ software, based on the segmentation described previously. This automated callosal segmentation was validated in the Gonda Neurolinguistics Lab by comparing it with manual segmentation using Quench software (Vista Lab), by visual inspection of the created tracts, and by statistical comparison of the FA extracted using both methods. Callosal segments were clipped 5 mm to each side of the mid-sagittal plane to extract the quantitative properties of the callosal segments of the corpus callosum itself, uninfluenced by distant location. Thirty nodes (representing locations) were defined on every clipped segment to calculate the tract profile. The mean diffusivity parameters for all callosal segments were calculated for each patient with T1D and each healthy participant. FA, AD, and RD were further examined for each segment.






Outcome measures

The two primary outcome measures were: (a) difference in neurocognitive assessment scores between groups, according to glycemic control, and (b) difference in DTI parameters of AD, RD, and FA and corpus callosum (CC) segments between T1D and healthy groups, according to glycemic control. A secondary outcome measure was the correlation between associations with specific MRI tract alterations and neurocognitive performance scores.





Statistical analysis

All analyses were performed with MATLAB 2020a (© 1994-2020, The MathWorks, Inc.), with the assistance and guidance of a trained statistician.

Quantitative/numerical measures are presented as means ± SDs and min–max.

Qualitative/categorical measures are presented as percentages.

Participants’ tasks with artifacts or missing data were excluded. After the performance was corrected and normalized, we ensured that no confounding variables, such as age or gender, influenced group differences. Correlations between cognitive performance, neurobehavioral outcome measures, and disease attributes, in addition to analysis of variance (ANOVA), were used to examine differences between T1D (distinguishing between glycemic clusters where relevant), healthy control variables, and neurobehavioral outcome measures. We considered the correlation to be significant when R ≥ |0.4| and the p-value< 0.05.

Voxel-based analysis (VBA) is a statistical method that detects differences in brain regions on a voxel-by-voxel basis (43) on segmented GM probability maps and DTI maps (FA, RD, AD, and volume). A two-sample t-test was used to compare the T1D and healthy groups.

Statistics of AFQ tract profiles: t-tests were calculated pointwise along each tract for diffusion properties. Given the high degree of correlation between nearby points, the Bonferroni correction was too conservative (38), and permutation-based multiple comparison correction (44) was used to adjust p-values given the structure of the data. This proved significant and resulted in a corrected p-value of<0.05.

The correlation between the locations of significant tract group differences and neurocognitive and neurobehavioral task performance was analyzed with MATLAB R2020a. Pearson and Spearman’s correlations were employed using a p-value threshold of 0.05. For Pearson correlations, r > |0.6| was applied, and for Spearman correlations, r > |0.5|.






Results

The study population comprised 30 adolescents. Of the 17 participants in the T1D group, 8 were boys (mean age, 14.7 ± 1.68 years). Of the 13 participants in the healthy group, 8 were boys (mean age, 14.6 ± 1.73 years). Table 1 shows their clinical and demographic parameters. Parental and participant baseline neurocognitive and language assessments were within normal ranges, with no significant differences within families.


Table 1 | Statistics: Clinical and demographic characteristics of the study population.






Neurocognitive performance

One-way ANOVA analysis revealed significant group and cluster differences in cognitive function.




Memory and learning

The performance of the TOMAL Word Selective Reminding task differed by group (p = 0.03) and by glycemic control (p = 0.02) and was associated with ISG (r = 0.54, p = 0.002). On average, lower HbA1c and lower ISG were associated with better scores.





Inhibition ability

Both group differences (p = 0.001) and glycemic control differences (p = 0.004) were found in the Stroop response time, which was associated with a higher ISG (r = 0.65, p = 0.003). Stroop non-food and food response times differed between groups (p = 0.04 and p = 0.02, respectively). Stroop food response time implied a significant difference between glycemic control clusters (p = 0.05). The relationship was such that better glycemic control and lower ISG were associated with better inhibition ability. On average, the response time of the T1D group was significantly higher than that of the control group.





Executive function performance

We found a significant difference in Visual Update response time by group (p = 0.01) and by glycemic control (p = 0.04): poorer glycemic control mean response time was 1,463 ms, whereas better glycemic control mean response time was 1,437 ms.





Semantic memory

On the New Object Recall Task (Figure 5), we observed significant difference in response time by groups (p=0.02), and by glycemic control (p=0.03). The response time in remembering whether the object had been presented was 2,943.2 msec among those with T1D, compared with a response time of 2,278.2 msec in the healthy control group. Poorer glycemic control associated with longer time needed to recall the object.




Figure 5 | New Object Recall significant differences.








Anatomical brain differences between groups

Using VBA, the MRI data of each participant were analyzed and compared between groups. A t-test and multiple corrections on all diffusivity measures (FA, AD, and RD) in every tract of the corpus callosum segments and major WM bundles revealed significant differences between groups. FA was significantly lower in the T1D group, mainly in the superior longitudinal fasciculus (SLF) (0.25 ± 0.03 vs. 0.29 ± 0.02. p = 0.0001) and corona radiata (CR) (0.32 ± 0.05 vs. 0.38 ± 0.03. p = 0.0002). Lower AD was also observed in the T1D group (p< 0.005).

GM density measured by the GM probability index was higher in the T1D group in the Broca and Wernicke regions, connected by the WM fiber tracts mentioned above (SLF and CR) (Figure 6).




Figure 6 | Voxel-based group comparison revealed a higher grey matter (GM) index in the type 1 diabetes (T1D) group. This included brain regions connected by white-matter (WM) fiber tracts, such as the SLF and corona radiata. A higher GM probability index was found in the frontal inferior triangular and operculum regions, known as Wernicke, and in parietal regions, such as the inferior parietal and postcentral gyrus.







Comparison of diffusion properties in major brain segments




Diffusivity coefficients of corpus callosum clipped segments

The ANOVA on callosal segment diffusion properties revealed a significant difference between the T1D group and the healthy group in the superior frontal callosal segment centers FA (p = 0.02) and RD (p = 0.03). FA was significantly lower, and RD was significantly higher in the T1D group (Figure 7).




Figure 7 | Analysis of variance by group in the superior frontal FA and RD corpus callosum segment center.







Diffusivity coefficients of major WM brain tracts

Using the AFQ framework for quantifying diffusion measurements at multiple locations along the trajectory of major WM tracts, a diffusion measurement “tract profile” was created at anatomically equivalent locations along T1D and healthy brain trajectories. Many locations along the observed tracts revealed group differences and were later associated with neurocognitive performance. A threshold of at least five locations (5%) with significant differences along T1D and healthy trajectories was applied to reveal anatomical group differences and to mark specific bundles. Of the eight fiber groups, the most apparent group differences in mean FA were seen in the superior frontal corpus callosum (p< 0.005) and the posterior parietal corpus callosum (p< 0.005) (Figure 8). Of the nine fiber groups, the most apparent group differences in mean AD were observed in the right superior longitudinal fasciculus (SLF) (p< 0.001), left uncinate fasciculus (p< 0.04), superior parietal corpus callosum (p< 0.005), forceps minor (p< 0.005), and anterior frontal corpus callosum (p< 0.005). Of the eight fiber groups, the most apparent differences in mean RD were found in the posterior parietal corpus callosum (p< 0.001), left arcuate (p< 0.003), left cingulum hippocampus (p< 0.02) and left SLF (p< 0.03). The differences along the tracts were in both directions, but most of the differences were in favor of the control group, suggesting denser and more coherent bundles.




Figure 8 | FA group comparison plots. Control group and diabetes mean FA ± 1 SD is plotted along 100 nodes on tract center. The upper graph shows significantly higher FA values in the diabetes group in 32 locations of the posterior parietal callosal segment. The panel beneath it shows significantly lower FA values in the diabetes group in 12 locations of the superior frontal callosal segment.








Correlations between brain diffusion measures and cognitive performance




Right SLF quantitative diffusion parameters associated with Stroop response time

Stroop, Stroop food, and Stroop non-food response times correlated with the mean AD of the dorsal part of the right SLF (most significant r = −0.77 p = 0.005). The relationships were such that lower inhibitory ability was negatively associated with tract coherence.





Integrity of the superior frontal segment of the corpus callosum correlated with inhibition ability

Higher mean FA of the superior frontal segment of the corpus callosum, which connects the hemispheres, was significantly negatively correlated (most significant r = −i.77, p = 0.006) with emotional food Stroop response time. The relationship was such that higher bundle integrity was associated with a better ability to inhibit the emotional response to a food-related stimulus.





Posterior parietal corpus callosum density associated with verbal memory

Using Spearman correlation, performance on Word Selective Reminding (%) correlated with the mean RD of the left posterior parietal segment of the corpus callosum connecting the hemispheres (most significant r = −0.63 p = 0.0008). The relationship was such that higher bundle integrity was associated with better performance.







Discussion

A significant association was found between glycemic control and performance in the domains of EF, inhibition ability, semantic memory, and learning and verbal memory. Inhibition ability was found to be specifically related to food management. Poorer glycemic control (>8.3%) and greater glycemic excursions following a missed bolus meal were associated with longer reaction times in the cognitive tasks tested and poorer performance in learning and verbal memory. These findings highlight the impairment of brain networks responsible for learning, memory, and controlled food responsiveness in adolescents with T1D.




Neurobehavioral functions

The hypothesis tested here was that faulty glycemic control in adolescents with T1D, caused by inaccurate, late, or lack of meal boluses (15), may decrease performance even without previous risk factors such as a significant episode of DKA or hypoglycemic seizure (8).

A recent review (16) indicates that cognitive declines in young people with T1D are characterized by overall lower cognitive performance and moderately lower memory, attention, and EF. This is mostly found with early diabetes onset. It took 2 years from diabetes onset to show a moderate decline in these domains, which were still present after 6 and 12 years (45, 46). Collectively, the early age of diabetes onset, higher HbA1c, hypoglycemic events, and DKA around onset were all major contributors to cognitive decline. These factors may cause an initial “strike” to the brain, which later adapts to fluctuating glucose levels (16). Function during blinded CGMS and food-related assignments was not, however, assessed among adolescents.

Our study reveals group differences in inhibition abilities and executive function, with specific differences in the executive control of processing food stimuli. Poorer glycemic control and higher glycemic excursions were associated with poorer cognitive processing, learning, memory, and executive performance, supporting our hypothesized relationship between glycemic control and cognitive performance.





Brain structure

DTI tractography is considered a sound method for examining delicate differences in brain matter coherence, and we used this to evaluate the association between T1D and brain microstructure properties. The literature contains a variety of methods and study populations, all with inconclusive results concerning T1D and healthy populations regarding GM and WM volume and WM integrity (21, 22, 47). Associations between WM integrity and cognitive performance are sparse. The uniqueness of our study is its in-depth analysis, achieved by using many attributes and large-scale acquired data and performed in genetically and socioeconomically similar populations of adolescents. Several interesting findings and new insights into all these aspects pave the way for future, more focused studies.

As in other recent research, our results show significant differences in brain matter integrity between healthy adolescents and those with T1D. WM and GM differences were found in cognition-related brain structures, such as the SLF (Figure 9) and the corona radiata (CR), and in the GM structures that these tracts connect. Significant group differences were observed in the integrity of several tracts.




Figure 9 | Right SLF white matter. Left: axial view of one diabetes patient (c016), right SLF pathway as traced by AFQ–Center: diagram showing the lateral surface of the left cerebral hemisphere. SLF is at the center, in red. Right: dissection of the human brain from the lateral aspect by the Klingler technique. Resecting the superficial digitations exposes the superior longitudinal fasciculus (SLF) superior to the sylvian fissure and insula (In).



Most of our findings concern higher FA, higher AD, or lower RD in the healthy group compared with those with T1D. Most tracts examined were connected to frontal lobe segments or to fibers that connect frontal areas with other lobes, mainly temporal.

Some significant differences were found, however, in the opposite direction. Significantly higher FA and restricted RD in the T1D group compared with healthy subjects were detected in several locations along the posterior parietal segment of the corpus callosum. This may suggest that its fiber bundles are denser in T1D patients than in the healthy group, making it reasonable to hypothesize that brain connectivity in T1D is modified by compensation processes. The posterior parietal segment of the corpus callosum receives fibers from the primary sensory area and connects the somesthetic association cortex with thalamic nuclei. It is mostly referred to as the somesthetic association area that restores our sensation’s memory, permitting assessment, for example, of the characteristics of an object held in the hand (48).





Associations between brain structure and neurobehavioral functions

VBA group differences were observed between T1D patients and healthy controls in the SLF and the posterior CR. WM connectivity is very important in many spheres—motor, emotional, behavioral, linguistic, and cognitive. These abilities develop through childhood and adolescence and into early adulthood. The SLF connects multiple regions and is involved in language, attention, memory, and executive data processing. Few studies have addressed brain tract structure in adolescents with T1D, and none have focused on its correlation with specific neurocognitive functions (49). Our results concur with others who report decreased WM integrity in several brain areas in T1D (11, 50), in addition to neurocognitive connection to poorer glycemic control (12, 46). Our findings, however, derived using meticulous new methods and specific diabetes-oriented testing, are new in that they demonstrate statistically significant associations between cognitive performance and specific tract properties, WM quality, and neurocognitive performance. Stroop food and nonfood response times are strongly correlated with the integrity of the corpus callosum’s superior frontal segment. It has recently been reported that the prefrontal cortex plays a dominant role in controlling food selection and intake, and its function may change in patients with diabetes due to its dependence on insulin metabolism (51).

Our study has limitations. Its population is smaller than planned because of the difficulty in recruiting adolescents willing to comply with all study procedures, hospitalization, and the lack of gain for the individual involved in the study. This prevented a sufficient number of subjects from demonstrating conclusively significant differences between groups before glycemic parameter considerations. Our study population is, however, a consistent homogeneous demographic group without the confounding variables of age, gender, puberty, comorbidities, quality of life, socioeconomic scale, and T1D complications. A second limitation was the Ethics Committee’s restriction of MRI protocols to 25 min because of the young age of the study population, preventing cognitive tasking with glucose manipulation under imaging (functional MRI).

To conclude, our study sheds new light on cognitive brain domains that may be specifically associated with glycemic control and are strongly linked to missed pre-meal boluses (52, 53). A potentially highly relevant issue, even in this era of hybrid closed-loop therapy, is that the only barrier to not only improving but also controlling the target may be pre-meal bolus delivery.

Our findings emphasize that networks responsible for learning, memory, and controlled reactivity to food may be compromised in adolescents with T1D. We present several exciting results that call for further investigation. Although the associations we discovered comply with the known functions of major brain tracts, further research is needed to identify the processes that establish these associations.
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Background: The complexity of oral antidiabetic drug (OAD) regimens affects the quality of life (QOL) and treatment satisfaction. However, data on the QOL of patients with type 2 diabetes mellitus (T2DM) receiving metformin-based OAD treatment in Asia are limited. Therefore, this study aimed to evaluate the QOL and treatment satisfaction and explore the influencing factors and their correlations among patients with T2DM receiving metformin-based OADs.

Methods: This was a cross-sectional study conducted at the Outpatient Department of Metabolism and Endocrinology at a medical center in Taiwan. Data were collected using the Audit of Diabetes-Dependent Quality of Life (ADDQoL) and the Chinese version of the Satisfaction with Oral Anti-Diabetic Agent Scale (C-SOADAS) questionnaires from patients with T2DM using metformin. The outcomes were analyzed by group and stratified based on the use of two, three, and more than three OADs. The level of agreement between the questionnaires was analyzed using Spearman’s rank correlation coefficient.

Results: A total of 153 patients with T2DM using metformin were included in this study. The average weighted impact score in the ADDQoL was −2.11, with no significant differences between the three groups. The C-SOADAS score showed a significant difference between the groups using two, three, and more than three OADs (21.42 [1.98] vs. 20.43 [2.09] vs. 19.00 [2.24], p < 0.0001). The ADDQoL and C-SOADAS scores showed low correlations between patients’ QOL and treatment satisfaction. However, the impact of diabetes on specific aspects of life was negatively correlated with the total C-SOADAS scores.

Conclusion: In Taiwan, a significantly greater effect on QOL was observed among patients with fewer OAD classes and higher treatment satisfaction. This study provides local evidence from self-reporting outcomes of patients with T2DM. Further studies focusing on different populations and treatment regimens for QOL are needed.

KEYWORDS
 type 2 diabetes, ADDQoL, C-SOADAS, quality of life, treatment satisfaction


Introduction

Type 2 diabetes (T2D) has been one of the fastest growing diseases in the past decade, and its complications have a major impact on health-related quality of life (HRQoL) (1, 2). Previous studies showed that reducing the development of hypoglycemia can improve patients’ treatment satisfaction and HRQoL and attain glycemic control (3–6). Furthermore, increasing treatment satisfaction and HRQoL in patients with T2D are associated with a lower occurrence of diabetes complications and mortality (7, 8).

Metformin is usually the first-line therapy for patients with T2D. Adding second-line regimens, including various combinations of oral antidiabetic drugs (OADs), when glycated hemoglobin (HbA1c) does not reach the target is recommended by current guidelines. However, medical benefits and risks should be considered when choosing second-line OADs, especially given the current limited information on treatment satisfaction and HRQoL. Previous studies showed that improving patients’ treatment satisfaction can enhance treatment efficacy and adherence, and optimal glycemic control can reduce comorbidities and improve HRQoL. However, the high regimen complexity of OADs may lower treatment satisfaction and HRQoL due to the risk of side effects (9).

According to pharmacoepidemiology research, 87.5% of outpatients with diabetes use OADs in Taiwan (10). However, most research on OAD strategies in Taiwan has focused on diabetes control and treatment-related adverse events. Furthermore, data on patient-reported outcomes regarding treatment satisfaction and HRQoL after the addition of the second-line OAD strategy are limited. Thus, this study aimed to survey the treatment satisfaction and HRQoL for patients with T2D receiving add-on therapy to a metformin-based regimen.



Methods


Study population

Patients with T2D who visited endocrinology and metabolism outpatient clinics at Kaohsiung Chang Gung Memorial Hospital, a medical center in southern Taiwan, between April 2020 and June 2021 were enrolled. The inclusion criteria included patients who had been using metformin-based therapy for at least 12 weeks and who were receiving add-on therapy during the outpatient visit (index date). The exclusion criteria included patients who received injection therapy, including glucagon-like peptide-1 receptor agonist or insulin, had received chemotherapy within 6 months before the index date, had no willingness to fill out the consent form or questionnaire, and had a diagnosis of type 1 diabetes, gestational diabetes, or cognitive impairment. The included patients were asked to complete the Chinese version of the Audit of Diabetes-Dependent Quality of Life (ADDQoL) (11, 12) for Taiwan and the Chinese version of the Satisfaction with Oral Anti-Diabetic Agent Scale (C-SOADAS) (13) at the index date and 3 months after the index date, respectively.

This study was approved by the Institutional Review Board of the Chang Gung Medical Foundation (no. 202000024B0C501). All participants provided written informed consent.



Sample size calculation

Daniel’s (14) sample size formula was used to calculate the minimum sample size, where 92 patients with T2D were considered a representative sample size for this study. Based on the previously published data on T2D prevalence and more than one OAD in Taiwan, a prevalence (P) of 60%, a desired precision of 10%, and a 95% confidence level were used (10).



Questionnaire measurement

In this study, the ADDQoL and C-SOADAS questionnaires in Taiwan were used to measure the diabetes-specific quality of life (QOL) and treatment satisfaction, respectively. The translated versions of these questionnaires were analyzed for reliability and validity, and all authors agreed to use them as research instruments for this study (11–13).

The Taiwanese version of the ADDQoL is a widely used tool for assessing diabetes-related QOL and consists of two overview items to measure generic QOL and 19 specific domains of life. The product of the impact rating and importance rating score for each domain is the weighted impact score, and the weighted impact scores are added and divided by the number of applicable domains to yield the overall average weighted impact (AWI) score, which ranges from −9 (maximum negative impact) to +3 (maximum positive impact). Negative AWI scores indicate that diabetes has a significant negative impact on QOL.

The Taiwan version of the C-SOADAS is a tool for evaluating treatment satisfaction based on a five-item scale, focusing on concepts related to satisfaction with OADs among patients with type 2 diabetes mellitus (T2DM), including (1) ability to control blood sugar, (2) effect on weight, (3) tolerability of the side effects, (4) convenience of drug taking, and (5) overall satisfaction. Each item was scored on a 5-point scale (ranging from 1 to 5). After adding up the scores of the five items, with 25 being the highest score, higher scores indicate higher satisfaction with OADs.

All participants were referred to the study by physicians. The study aim, methods, and consent form contents were explained clearly to eligible subjects by the researchers before inclusion. The questionnaire was completed after the consent form was completed and signed. The patients were allowed to complete the questionnaire by themselves during the index date. The questionnaires were administered once to each participant.



Outcomes

The primary outcome was the ADDQoL and C-SOADAS questionnaire scores, and the secondary outcome was ascertained to assess the convergent validity of the questionnaire correlations for ADDQoL and C-SOADAS.



Comorbidities and covariables

Basic data, including demographics, comorbidities, and laboratory values, were collected within 1 year from the index date and were based on the most recent data available. Demographic data included age, sex, duration of diabetes, family history of diabetes, smoking status, alcohol status, self-monitoring of blood glucose levels, and body mass index. Comorbidities included hypertension, dyslipidemia, cerebra/cardiovascular disease, peripheral vascular disease, neurological disease, retinopathy, and nephropathy. Laboratory data included HbA1c (<7% and ≥ 7%) and urine albuminuria-to-creatinine ratio (UACR) (<30, 30–300, and > 300). The use of fixed-dose combination OADs was evaluated based on the index date prescription.



Statistical analysis

Basic data and questionnaire scores were presented as mean (standard deviation) for normally distributed variables and median (interquartile range) for non-normally distributed continuous variables. Categorical variables were presented as numbers and percentages and analyzed using the Chi-square test. Study participants were divided into three groups according to the number of OADs they used (two, three, and more than three OADs). The difference in C-SOADAS and ADDQoL items was determined using one-way ANOVA. The levels of agreement between questionnaires were analyzed using Spearman’s rank correlation coefficient, which was interpreted as follows: <0.300, low correlation; 0.301–0.700, moderate correlation; and >0.701, high correlation. Data processing was performed using Microsoft Excel, and statistical analysis was performed using SPSS software.




Results

A total of 156 patients with T2D were enrolled. Of the 156 patients, three were excluded (one refused to complete the questionnaire, and two were diagnosed with malignancy). Thus, 153 participants were included in the analysis (Figure 1). The characteristics of the total and subgroups of the study population are shown in Table 1. The mean age was 60.4 years, and most of the patients were 55–69 years old. The mean duration of T2D was 9.2 years, and 64.7% of the patients had a family history of diabetes. Only 43.79% of the patients had the habit of self-monitoring their blood glucose levels. Most of the patients had no history of smoking (81.70%) or alcohol consumption (81.05%), and nearly half of them (47.75%) were obese. Hypertension (51.63%) and dyslipidemia (89.54%) were the most prevalent comorbidities. In this study, the proportion of fixed-dose combination OADs was 71.24%.

[image: Figure 1]

FIGURE 1
 Study flow diagrams. T2DM, type 2 diabetes mellitus; OADs, oral anti-diabetic drugs; ICD-10, international classification of disease 10th revision.




TABLE 1 Characteristics of all patients and stratified by the different oral antidiabetic drug groups.
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Based on the participant classification (Table 1), the mean duration of T2DM was 7.3 (4.9) years for the group with two OADs, 10.2 (6.4) years for the group with three OADs, and 11.1 (5.3) years for the group with more than three OADs, with a significant difference among the three groups (p = 0.0015). The proportion of patients with obesity was the highest in the group with more than three OADs (56.1%), with a significant difference between the three groups (p = 0.0214). The group with more than 3 OADs had the highest proportion of hypertension (68.3%). Family history of diabetes mellitus (DM), alcohol consumption, and home self-monitoring of blood glucose did not differ significantly among the three groups. In glycemic control, a significant difference in HbA1c levels was observed between the three groups (7.19% vs. 7.19% vs. 7.79%, p = 0.0035).

The ADDQoL scores are shown in Tables 2, 3. The mean and overall QOL scores were 0.86 (0.84) and 0.88 (0.86) for the group with two OADs, 0.79 (0.75) for the group with three OADs, and 0.92 (0.91) for the group with more than 3 OADs. No significant difference in the overall QOL was observed among the three groups (p = 0.7274). The mean scores for the impact of diabetes on specific life aspects were −1.68 (0.72) in all patients and −1.54 (0.73) for the group with two OADs, −1.87 (0.71) for the group with three OADs, and −1.68 (0.69) for the group with more than three OADs. The AWI scores were −2.11 (1.08) in the total participant population and −2.05 (1.08), −2.10 (0.90), and −2.23 (1.27) in the three groups, respectively, with no significant differences between the three groups. The group with more than three OADs had a higher negative impact on close personal relationships (−3.53) than the other two groups (p = 0.0433).



TABLE 2 ADDQoL and C-SOADAS of all participants.
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TABLE 3 ADDQoL score in different oral antidiabetic drug groups.
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A significant difference in the C-SOADAS and total scores was observed among the three groups (21.42 [1.98] vs. 20.43 [2.09] vs. 19.00 [2.24], p < 0.0001) (Tables 2, 4). The mean scores for the ability to control blood sugar, tolerability of the side effects, convenience of drug taking, and overall satisfaction were significantly higher in the group using two OADs than in the other two groups (p < 0.05). The effect of OADs on body weight was higher in the group with two OADs than in the groups with three and more than three OADs, with no statistically significant difference (3.98 [0.67] vs. 3.91 [0.50] vs. 3.73 [0.67], p = 0.1276).



TABLE 4 C-SOADAS in different oral antidiabetic drug groups.
[image: Table4]

Regarding the correlation between the ADDQoL and AWI scores, as represented by Spearman’s rank correlation coefficient (Rs), a weak correlation was observed between the general overall QOL and AWI scores. However, a statistically significant moderate correlation was observed between the impact of diabetes on specific aspects of life and AWI scores (Rs = 0.350, p < 0.0001). The four factors of ADDQoL were moderately to highly correlated with the AWI scores (p < 0.0001), as shown in Supplementary Appendix 1. The ADDQoL and C-SOADAS scores showed correlations between QOL and treatment satisfaction (Supplementary Appendix 2). Among the two overview items of ADDQoL, the impact of overall QOL was positively correlated with the total C-SOADAS score, while the impact of diabetes on specific aspects of life was negatively correlated with the total C-SOADAS score, but neither reached a statistically significant difference. A significant low-to-moderate correlation was observed between the items of effect on weight, but no significant correlations were observed between the other items of treatment satisfaction.



Discussion

The study results showed that patients with T2DM receiving metformin-based therapy using more than three OADs had the lowest HRQoL compared with those with less than or equal to three OADs. Furthermore, the treatment satisfaction of patients receiving two OADs was significantly higher than that of the other treatment combinations.

In the study, HbA1c was significantly higher in the group with more than three OADs (7.8% ± 0.9%) than in the other two groups, and 80% of those had poorer glycemic control (HbA1c ≥ 7%). These results are consistent with those of previous studies (15). A greater number of prescribed OADs together were correlated with more comorbidities, obesity, smoking, and high blood pressure, which increased insulin resistance. Previous studies showed that the use of multiple (>3) OADs for treating patients has been highly correlated with poor glycemic control and increasing duration of diabetes (16, 17). Furthermore, physical impairment has been observed in frail hypertensive older adults with hyperglycemia (18). Although this study included patients using OADs that had a negative impact on HRQoL, patients treated with two OADs had a higher HRQoL in relation to diabetes than those treated with three or more OADs.

Furthermore, this study revealed that whether patients used two, three, or more than three OADs, the domain of “dietary freedom” had the most significant effect on diabetes. A strong association was observed between diabetes and diet, and dietary control was involved in the management of T2DM as a major life factor and influenced the long-term outcomes of the disease, including depression (19, 20). Diabetes has a significant negative impact on diet, and the same results are seen in patients treated with OADs or insulin. Several studies on factors associated with diabetes treatment satisfaction showed that the use of insulin is negatively associated with treatment satisfaction (21). However, whether T2DM treated with OADs is positively or negatively associated with treatment satisfaction remains controversial and is only compared with dietary control (6, 22). These inconsistent results may be partly due to differences in the OADs tested.

However, the longer the duration of DM, the greater the number of OADs required for combination therapy owing to insufficient insulin secretion and poor glycemic control (15). Patients using OADs have been shown to have higher satisfaction levels than those using insulin. Furthermore, those treated with fewer drugs have significantly better satisfaction scores than those treated with multiple combination OADs (23, 24). The European multinational PANORAMA study (25) showed that the use of one or two and three or more OADs had no significant effect on treatment satisfaction compared with diet or exercise control, whereas the combination of OADs and insulin had significantly lower treatment satisfaction. However, a very limited number of studies have evaluated the treatment satisfaction of patients using various OAD classes. The study findings showed that the number of OAD classes was significantly associated with treatment satisfaction, and the treatment satisfaction scores decreased as the number of OADs increased. These results are consistent with those of previous studies showing that the use of more drugs may increase the complexity of the dosing regimen and may lead to other adverse drug reactions, such as weight gain and increased incidence of severe hypoglycemia, to achieve intensive glycemic control. Thus, poor adherence leads to worse treatment satisfaction (26). An analysis of the UK study on drug attribute preference in T2DM showed that the most important factors determining patients’ preference for OAD were the likelihood of hypoglycemic events, weight change, the likelihood of gastrointestinal side effects or nausea, especially for patients taking two or more drugs, and drug efficacy (27).

The AWI score reflects the overall impact of diabetes on a person’s life. The study results indicated that the mean weighted impact score had a low correlation with the overall (current) QOL score (Rs = 0.148, p = 0.0682) and, as expected, a moderate correlation with the diabetes impact score on specific aspects of life (Rs = 0.350, p < 0.0001). These results are similar to the results of the ADDQoL-CnTW validation study (12). The correlation between the AWI score and the diabetes-specific impact score (Rs = 0.52, p < 0.01) was better than the overall QOL score (Rs = 0.07, p > 0.05), which is consistent with the findings of previous similar studies, which showed that the diabetes-specific QOL psychometric instrument is more sensitive to individual changes. The European PANORAMA study (25), a cross-sectional investigation of 5,817 individuals, showed a higher correlation between AWI scores and diabetes impact scores on specific life aspects than overall QOL scores (Rs = 0.21, p < 0.001 and Rs = 0.60, p < 0.001). The 2016 Hong Kong study (11) suggests that the AWI score of the ADDQoL is less relevant to general generic instruments such as the SF-36 or EQ-5D for assessing a broad range of health states. A moderate-to-high correlation was observed between the mean weighted impact scores of the ADDQoL and the four factors of its instrument (Rs = 0.490–0.916, p < 0.0001), which is consistent with the results of the ADDQoL-CnTW validation study (Rs = 0.390–0.82) (12). Furthermore, a significant moderate-to-high correlation was observed between the mean weighted impact scores of the ADDQoL and 19 specific life domains in a Polish study (Rs = 0.42–0.80, p < 0.001) (28). Therefore, it can be concluded that the ADDQoL can be used as a standard tool to measure diabetes-related QOL across ethnic groups, especially in relation to the impact of specific life domains of diabetes. Strengthening the appreciation of risk factors associated with HRQoL or treatment satisfaction has become an important program in diabetes healthcare. Assessing the association between treatment satisfaction and HRQoL may help healthcare providers identify patients’ perceptions of their disease, predict various aspects of the life of individuals with diabetes, and identify diabetes management that needs to be reinforced to improve treatment outcomes. However, few studies have evaluated the relationship between HRQoL and treatment satisfaction. To the best of our knowledge, this is the first study to evaluate the correlation between ADDQoL and C-SOADAS in patients with T2DM. This study showed a low positive correlation between the two, which is consistent with earlier findings. Although the questionnaires used in this study were inconsistent with previous studies in that they did not yield a significant correlation between HRQoL and treatment satisfaction, both the most commonly used general QOL measure (29) and the Diabetes-Related QOL Questionnaire (30) provided the same confirmation that perceptions of treatment satisfaction and perceptions and descriptions of burdens or limitations in QOL disagree, which suggests that treatment satisfaction and HRQoL are two distinct phenomena. Therefore, QOL and treatment satisfaction should be assessed concurrently in the comprehensive care of patients with diabetes.


Strengths and limitations

To the best of our knowledge, this is the first study to investigate the QOL and treatment satisfaction of patients with T2DM receiving OADs in Taiwan. The first advantage of this study is that the majority of outpatients with diabetes in Taiwan use only OADs for blood glucose control, and this is increasing significantly. However, few outcome measures have been reported for diabetes-related patients using OADs alone. Second, this study used a validated, standardized instrument to assess diabetes-related QOL and treatment satisfaction. However, this study has several limitations.

First, the total sample size was relatively small. Patients with T2DM were recruited from a single medical center in southern Taiwan. Although the characteristics of the study population were similar to those of the Taiwan Annals of Diabetes data, it was not possible to address the issue of treatment patterns affecting the results and limit the generalizability of the study. Second, this cross-sectional study was inconclusive in establishing a causal relationship between sociodemographic and clinical characteristics, HRQoL, and treatment satisfaction, and assessing differences in changes in QOL at different time points was not feasible. However, previous studies have suggested that SGLT2 inhibitors can be anti-frailty drugs (31). Although 43% of our study population used SGLT2 inhibitors, we are uncertain about the effect of hypoglycemic drugs on QOL. Third, while respondents were encouraged to answer honestly to ensure that no relevant findings were affected, it may not be possible to completely avoid response bias in social expectations, especially for treatment satisfaction surveys, which is a common limitation of survey research. Fourth, previous studies showed a positive relationship between treatment satisfaction and HRQoL and medication adherence, especially in chronic diseases such as diabetes and hypertension (32). In this study, medication adherence was not explored, so bias in producing good glycemic control could not be avoided.




Conclusion

This study evaluated the HRQoL and treatment satisfaction of patients with T2DM undergoing metformin-based treatment in combination with other OADs using the ADDQoL and C-SOADAS questionnaire in Taiwan. The results showed a significantly greater positive effect of fewer OAD classes on treatment satisfaction. Further studies with a larger sample size are needed to provide clinical healthcare providers with a more comprehensive understanding of the QOL and treatment satisfaction of patients with T2DM in Taiwan and worldwide.
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Background

The relationship between oxidative balance score (OBS) and diabetes remains poorly understood and may be gender-specific. We conducted a cross-sectional study to investigate the complex association between OBS and diabetes among US adults.





Methods

Overall, 5,233 participants were included in this cross-sectional study. The exposure variable was OBS, composed of scores for 20 dietary and lifestyle factors. Multivariable logistic regression, subgroup analysis, and restricted cubic spline (RCS) regression were applied to examine the relationship between OBS and diabetes.





Results

Compared to the lowest OBS quartile group (Q1), the multivariable-adjusted odds ratio (OR) (95% confidence interval (CI) for the highest OBS quartile group (Q4) was 0.602 (0.372–0.974) (p for trend = 0.007), and for the highest lifestyle, the OBS quartile group was 0.386 (0.223–0.667) (p for trend < 0.001). Moreover, gender effects were found between OBS and diabetes (p for interaction = 0.044). RCS showed an inverted-U relationship between OBS and diabetes in women (p for non-linear = 6e−04) and a linear relationship between OBS and diabetes in men.





Conclusions

In summary, high OBS was negatively associated with diabetes risk in a gender-dependent manner.





Keywords: oxidative balance score, gender, diabetes, cross-sectional study, adults




1 Introduction

The spread of Western lifestyles has gradually increased the use of high-calorie and high-fat diets, sedentary lifestyles, and the number of adults with diabetes (1). According to the International Diabetes Federation 2019 report, the overall prevalence of diabetes among adults aged 20 to 79 years was 9.3%. This is expected to rise to 693 million worldwide by 2045 (2–4). Diabetes and its complications are life-threatening problems.

A large body of evidence demonstrated that oxidative stress plays a crucial role in the development and progression of diabetes (5). The oxidative balance score (OBS) is a comprehensive indicator containing 20 different dietary and lifestyle components, which highlights the overall balance of pro- and antioxidants at dietary and lifestyle levels. In general, a higher OBS indicates that antioxidants prevail over pro-oxidants. Numerous studies have reported a negative correlation between OBS and the incidence of different diseases, such as breast cancer (6), new-onset hypertension (7), osteoporosis (8), and leukocyte telomere length (9). However, the potential relationship between OBS and diabetes risk remains to be known.

Herein, we investigated the relationship between OBS and the prevalence of diabetes. We examined the possible effects of OBS on diabetes using data from the National Health and Nutrition Examination Survey (NHANES) from 2007 to March 2020.




2 Method



2.1 Source of data and study population

The NHANES was a national cross-sectional study assessing the health and nutrition status of adults and children in the US population. The study used a “stratified multistage probability sampling,” in which the information was collected from relevant interviews, examinations, dietary questionnaires, and laboratory measurements. In total, 5,233 participants were chosen from 2007 to March 2020. Exclusion criteria were as follows: age of participants was <20 or ≥80 years, participants without dietary or lifestyle data, participants without known diabetes status, and variables with missing values (Figure 1). All participants provided signed written informed consent, and the study conformed to ethical standards.




Figure 1 | Flow diagram.






2.2 Calculation of the oxidative balance score

The development and calculation of the OBS have been reported previously (9). The total OBS components were assigned a score by intake, property, and gender. Overall scores were the sum of dietary and lifestyle scores. Higher OBS was positively correlated with participants’ antioxidant activity. Dietary components and lifestyle components were used to calculate OBS. Dietary components of OBS consisted of dietary fiber, carotene, riboflavin, niacin, calcium, magnesium, zinc, total folate, vitamins (B6, B12, C, and E), copper, selenium, total fat, and iron. The lifestyle components of OBS consisted of physical activity, alcohol drinking, body mass index, and cotinine. Fat, iron, alcohol drinking, cotinine, and body mass index were classified as pro-oxidants, and the remaining components were classified as antioxidants.




2.3 Evaluation of diabetes

The diagnostic criteria for diabetes were as follows: previous diagnosis of diabetes by a physician, glycated hemoglobin (HbA1c) >6.5%, fasting glucose ≥7.0 mmol/L, random blood glucose ≥11.1 mmol/L, 2-h oral glucose tolerance test (OGTT) ≥11.1 mmol/L, and use of diabetes medication or insulin.




2.4 Covariates

Based on the existing literature and clinical consideration, we selected covariates that could play roles as potential confounders in the associations between OBS and diabetes. The standardized household interviews were used to obtain the demographic characteristics, including age, gender, race, educational level, and poverty income ratio (PIR). Age was divided into three groups (20–39, 40–59, and 60–79 years), with 20–39 years as the reference. Race was divided into non-Hispanic white, non-Hispanic black, Mexican American, and others, with non-Hispanic black as the reference. Education level was graded into primary school or less, middle and high school, and college or higher, with college or higher as the reference. Poverty was defined as PIR ≤ 1.0 and divided into two categories of PIR (≤1.0 and >1.0), with PIR ≤ 1.0 as the reference. White blood cell (WBC) count, platelet (Plt) count, neutrophil (Neu) count, lymphocyte (Lym) count, and hemoglobin (Hb) level were obtained from the laboratory data. Chronic kidney disease (CKD), cardiovascular disease (CVD), hypertension, dyslipidemia, and smoking are important risk factors for diabetes. Therefore, these diseases were included in the analysis. According to the KDIGO 2021 Clinical Practice Guideline for the Management of Glomerular Diseases, albumin-to-creatinine ratio (ACR) and estimated glomerular filtration rate (eGFR) were used to define CKD. ACR ≥ 30 mg/g (3 mg/mmol) and eGFR < 60 ml/min/1.73 m2 were defined as diagnostic criteria of CKD. CVD was defined as congestive heart failure, coronary heart disease, heart attack, angina, and stroke. The diagnostic criteria for hypertension were as follows: average systolic blood pressure ≥140 mmHg or average diastolic blood pressure ≥90 mmHg after at least three times of measurement, use of anti-hypertensive drugs, and subject- or physician-reported diagnosis of hypertension. The diagnostic criteria for dyslipidemia were as follows: total cholesterol level ≥5.18 mmol/L, triglyceride level ≥150 mg/dl, high-density lipoprotein-cholesterol <1.04 mmol/L in men and <1.30 mmol/L in women, low-density lipoprotein-cholesterol ≥3.37 mmol/L, or the use of cholesterol-lowering drugs. Smoking status was defined into three categories: never (smoked less than 100 cigarettes in life), former (smoked more than 100 cigarettes in life and does not smoke now), and smoked more than 100 cigarettes in life and smokes some days or every day. No or never was taken as the reference for all of the above conditions.




2.5 Statistical analysis

Considering the complexity of the sampling method, the study subject was a weighted statistical analysis. Continuous variables are presented as mean (standard deviation (SD)), and categorical variables are summarized as frequency (percentage). For baseline characteristics, categorical variables were compared using the chi-square test, and continuous variables were compared using the t-test or one-way analysis of variance. Multivariable logistic regression models (crude models to model 3) were used to investigate the relationship between OBS and diabetes after adjusting for different potential confounders. The crude model was not adjusted for any covariates. Model 1 was adjusted for age, gender, race, and education. Model 2 was further adjusted for WBC count, Neu count, Hb count, and Plt count. Model 3 was adjusted for the variables in model 2 and additional confounders, including CKD, CVD, smoking status, hypertension, and dyslipidemia. We further assessed the heterogeneity between OBS and diabetes through subgroup analysis for the following variables: age groups, gender, race, education, CKD, CVD, hypertension, dyslipidemia, and smoking status. We applied restricted cubic spline (RCS) analysis with four knots to evaluate the non-linear associations between OBS and diabetes risk. R statistical software (version 4.2.2) was applied for all statistical analyses and mapping. Alpha was set at <0.05 for statistical significance, and all analyses were two-sided. A two-sided p-value <0.05 was defined as the significance threshold.





3 Results



3.1 Baseline characteristics

In total, 5,233 participants from NHANES (2007 to March 2020) were enrolled in the present study, of whom 622 (11.89%) had diabetes. Among all participants with diabetes, men (461, 11.64%) showed a higher prevalence than women (161, 5.61%). Participants with diabetes were older and had lower education levels, but PIR did not differ between the two groups (Table 1). The comparison of baseline characteristics showed that patients with diabetes had a higher prevalence of CKD, CVD, hypertension, and dyslipidemia. Participants without diabetes showed significantly higher OBS and lifestyle OBS when compared with participants with diabetes. There was no significant difference in Lym count (p = 0.7) and dietary OBS (p = 0.06).


Table 1 | Baseline characteristics of all participants by diabetes.



All 5,233 individuals were categorized into four groups according to OBS quartiles: Q1 (OBS, 5 to 28; median, 26), Q2 (OBS, 29 to 30; median, 30), Q3 (OBS, 31 to 32; median, 31), and Q4 (OBS, 32 to 36; median, 33). As the reference group, participants in the first quartile group (Q1) with lower OBS were more likely to be white and have higher educational levels and PIR. In addition, participants in the Q1 had a lower incidence of CKD, diabetes, hypertension, dyslipidemia, and smoking. Gender was not significantly different between OBS quartiles, suggesting an evenly balanced distribution of men and women in all quartiles (Table 2). We also performed the same analysis on dietary OBS and lifestyle OBS. Dietary OBS did not significantly affect the prevalence of diabetes, CKD, CVD, hypertension, and dyslipidemia. Increased lifestyle OBS was associated with the prevalence of diabetes, CKD, CVD, hypertension, and dyslipidemia. Similar to OBS, lifestyle OBS was associated with the prevalence of diabetes (Supplementary Tables 1, 2).


Table 2 | Baseline characteristics of all participants by the OBS quartile.






3.2 Relationship between OBS and diabetes

The results of the multivariable logistic regressions showed that OBS was significantly associated with diabetes (Table 3). In model 3, the risk of diabetes decreased by 3.8% with a 1-unit increase in OBS (OR = 0.962, 95% confidence interval (CI) 0.935–0.990), revealing that OBS was negatively correlated with the risk of diabetes. Compared with participants in Q1, those in Q2, Q3, and Q4 were at lower risk of diabetes in all models. Compared with participants in Q1, subjects in Q4 had 39.8% (OR = 0.602; 95% CI, 0.378–0.974) decreased risk of diabetes in model 3. We further explored the effects of dietary OBS and lifestyle OBS on diabetes using logistic regression models. Although dietary OBS and lifestyle OBS were supposed to be protective factors for diabetes, results for dietary OBS were not statistically significant (Supplementary Tables 3, 4).


Table 3 | Association of the OBS with diabetes, NHANES 2007–March 2020.






3.3 Subgroup analysis

Subgroup analysis was performed based on gender, age group, race, education, CVD, CKD, dyslipidemia, hypertension, and smoking status (Table 4). Statistical significance was found in gender subgroups of diabetes (p for interaction = 0.044). Subgroup analysis showed that the female subgroup was more sensitive to OBS compared with the male subgroup. Women had an 88.0% lower risk of developing diabetes in the fourth quartile of age compared with the first quartile. In contrast, the risk of diabetes only decreased by 38.6% in men (all p for trend <0.05).


Table 4 | Subgroup analyses of the association between OBS and diabetes, NHANES 2007–March 2020.






3.4 RCS analysis

The associations between OBS and diabetes in men and women were further evaluated using the RCS curves and the multivariable logistic regression (model 3). First, we found an inverted-U relationship (p for non-linear = 0.0118) between OBS and the risk of diabetes (Figure 2A). The turning point appeared around the OBS of 25.20, and the median number was 30.00. The risk of diabetes slightly increased at the beginning and then declined with the OBS after reaching the turning point. Results of the RCS analysis by gender revealed that OBS was negatively correlated with the incidence of diabetes in male individuals, and it showed a linear relationship (p for non-linear = 0.7816). Consistent with the relationship between the overall OBS and diabetes, we found a non-linear inverted-U relationship (p for non-linear < 0.001) between OBS and diabetes in female individuals (Figure 2B). The turning point appeared around the OBS of 26.32, and the median number was 30.00. After the OBS of 30 was reached, the risk of diabetes decreased with the increase of OBS, and the decrease in diabetes risk was more pronounced in women than in men. It was also consistent with the results of the subgroup analysis.




Figure 2 | RCS analysis of the association between OBS and diabetes. The association was adjusted for age, gender, race, education, WBC count, Neu count, Hb level, Plt count, CKD, CVD, smoking status, hypertension, and dyslipidemia. The median OBS was chosen as the reference. (A) RCS curve of the association between OBS and diabetes among all participants. (B) RCS curve of the association between OBS and diabetes among female and male participants. RCS, restricted cubic spline; WBC, white blood cells; Plt, platelet; Neu, neutrophil; Lym, lymphocyte; Hb, hemoglobin; OR, odds ratio; CI, confidence interval.







4 Discussion

For the first time, our large-scale cross-sectional study evaluated the association of OBS with diabetes based on NHANES (from 2007 to March 2020). In this study, we confirmed that the OBS and lifestyle OBS in participants without diabetes were significantly higher than those in participants with diabetes. Higher OBS and lifestyle OBS were associated with decreased risk of diabetes. After confounding factors were adjusted, it was shown that the effect of OBS on diabetes significantly relied on gender. In women and all participants, the association between OBS and diabetes showed an inverted-U relationship. In men, there was a linear relationship between OBS and the risk of diabetes.

Numerous clinical and animal studies linked oxidative stress to diabetes incidence and progression. Oxidative stress occurs when the amount of reactive oxygen species (ROS) exceeds the neutralizing capacity of antioxidants (10). Oxidative stress can interfere with the oxidation–reduction reactions in glycolysis and the electron transport chain, causing hyperglycemia. Oxidative stress activates the secondary pathways of glucose metabolism, such as glucose autoxidation and the polyol pathway, which leads to excessive ROS production and lipid peroxidation, triggering oxidative stress and exacerbating hyperglycemia (5, 10–12). Previous studies have not evaluated the relationship between OBS and diabetes, and most of them focused on the relationship between a single component of OBS and diabetes risk. Oxidative stress is a major contributor to the progression of diabetes, but not all strategies for reducing ROS are protective against diabetes (13–15). Several reasons may account for this difference. First, it is not easy to determine the effects of individual oxidative stress-related components on blood glucose control. Second, pro-oxidants or antioxidants may have antagonistic and synergistic interactions. Special attention should also be paid to the properties of the antioxidants themselves. Antioxidants can exert a pro-oxidant effect in high doses, have poor solubility and low permeability in biomembranes, and lack stability and specificity of action (16). Hence, we employed OBS as a comprehensive evaluation metric to measure the oxidative balance in an individual and investigate its influence on diabetes. Our study demonstrated that OBS was significantly higher in the non-diabetic group than in the diabetic group, and higher OBS predicted a lower risk of diabetes. RCS analysis showed that the relationship between OBS and diabetes mellitus was an inverted-U relationship. Our findings are consistent with previous epidemiological evidence indicating a significant association between oxidative stress and diabetes (5, 10, 17).

Similar to previous studies, subgroup analysis and RCS analysis revealed that gender significantly affected the correlations between OBS and diabetes. Studies have shown that the serum glucose level and oxidative stress of female diabetic rats were lower than those of male diabetic rats. At the same time, female diabetic rats had lower hydrogen peroxide levels and xanthine oxidase activity (18). Estrogen has antioxidant properties and can enhance the activity of antioxidants (19, 20). On the contrary, androgen can promote ROS production and induce oxidative stress (21). Studies have shown that estrogen, as a protective factor, can reduce the risk of insulin resistance and diabetes in women, while androgen has the opposite role (22, 23). It is worth noting that the risk of diabetes decreased more rapidly in women than in men when OBS was greater than 30. It can be concluded that it is more efficient in combating oxidative stress to keep OBS within a certain range, resulting in better glycemic control in patients with diabetes. Our results may provide new policies to reduce the burden of diabetes complications and improve the management of diabetes. Several factors such as diet, lifestyle, and genetic factors can lower the risk of chronic diseases by regulating oxidation and reducing ROS generation (24). Recently, researchers suggested that the risk of chronic disease can be reduced through lifestyle interventions (25). The risk of diabetes can be significantly reduced by lifestyle modifications, especially in male subjects (26). The mechanisms underlying the gender-specific associations merit further investigation (27). As reported in diabetic patients, female patients have lower overall muscle mass and physical function, poorer health conditions, and higher prevalence of depression, which indicate that gender-specific differences in diabetes deserve more attention (28). Thus, the lower overall muscle mass in women with diabetes may be related to OBS, especially lifestyle OBS. A study found that decreased estrogen levels in postmenopausal women increased insulin resistance and elevated the risk of diabetes (29).

The study has several advantages. First, our study found the association between OBS and diabetes for the first time and uncovered the gender-specific effects of OBS on the prevalence of diabetes. Second, the NHANES used a stratified, multistage sampling method, which increases the generalizability of our findings to non-institutionalized populations. Third, this study adjusted the results for several confounders. In addition, there are several limitations to this study. Even though we controlled for potential confounders, the role of unknown or unmeasured confounders cannot be ruled out. However, the cross-sectional nature of our study makes it difficult to infer causality. To increase the utility of our findings, the predictive value of OBS in diabetes needs to be further verified through prospective studies. Finally, dietary OBS was not significantly different between diabetic and non-diabetic groups in our study; therefore, the effects of dietary OBS in predicting diabetes risk remain unclear.




5 Conclusion

In conclusion, this cross-sectional study indicated that OBS, especially lifestyle OBS, was negatively associated with the prevalence of diabetes. OBS had an inverted-U relationship with the prevalence of diabetes in nationally representative adults of the USA. In addition, we found that the negative correlation between OBS and diabetes was clearer among female participants than in male participants.
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Objective

We aimed to investigate the effect of Cyclocarya paliurus leaves extracts (CP) on glucose and blood lipid metabolism and its relationship with intestinal flora in type 2 diabetes mellitus (T2DM) patients.





Methods

In this open-label, 84-day randomized controlled trial, a total of 38 T2DM patients were randomly assigned to the CP group or the Glipizide group (G group) in a 2:1 ratio. T2DM-associated metabolic phenotypes, gut microbiota and metabolites including short-chain fatty acids (SCFAs) and bile acids (BAs) were detected.





Results

At the end of intervention, CP, like Glipizide, significantly improved HbA1c level and other glucose metabolism parameters (fasting plasma glucose (FBG), 2-hour post-meal blood glucose (2hPBG), the area under curve of oral glucose tolerance test glucose (OGTT glucose AUC)). Moreover, CP also resulted in the significant improvement in the levels of blood lipid and blood pressure. Notably, the improvement in blood lipid(triglycerides (TG) and high-density lipoprotein cholesterol (HDL-c)) and blood pressure (diastolic blood pressure (DBP)) was significantly greater in the CP group compared with the G group. Furthermore, the liver and kidney function parameters did not significantly change in both CP group and the G group over the 84-day period. Additionally, the enrichment of potentially beneficial bacteria (Faecalibacterium and Akkermansia), SCFAs and unconjugated BAs and the depletion of potential pathogenic bacteria (Prevotella_9) and conjugated BAs were observed in the CP group, while the abundances of the gut microbial were kept stable in the G group after intervention.





Conclusion

CP displays a more beneficial effect in the alleviation of T2DM-associated metabolic phenotypes than glipizide by regulating gut microbiota and metabolites in T2DM patients, with no significant effects on liver and kidney function.





Keywords: Cyclocarya paliurus leaves extracts (CP), type 2 diabetes mellitus (T2DM), randomized controlled trial (RCT), metabolic phenotypes, gut microbiota





Introduction

Type 2 diabetes mellitus (T2DM), whose prevalence has been estimated to raise from 536.6 million people in 2021 to 783.2 million by 2045 (1), causes lots of linked complications, such as kidney failure, heart disease, amputation, and blindness (2), and a heavy burden on public health. At present, the two main methods to control T2DM are lifestyle changes and drug therapy (3). Although there are multiple anti-diabetic medications, it is still difficult to control the progression of T2DM. Additionally, anti-diabetic medications have many unwanted side effects such as lactic acidosis and hypoglycemia, and ultimately fail to control blood glucose levels (4). Therefore, it is necessary to find out safer and more effective antidiabetic medications for T2DM.

Cyclocarya paliurus (C. paliurus) (Batal) IIjinskajia, an endemic plant belonging to Cyclocarya genus of the Juglandaceae family, is also known as the money tree, and it is distributed in 420–2500 m mountainous regions of Jiangxi, Hubei, Hunan, Guizhou and other provinces in China (5). Studies have shown that the leaves of C. paliurus contain a variety of bioactive compounds, such as polysaccharides, flavonoids, triterpenoids and phenolic compounds (6, 7). It has been reported that C. paliurus can reduce the levels of blood glucose, blood lipid and blood pressure in rats (8, 9). Based on its characteristics, in 1999, the United States Food and Drug Administration (FDA) approved the leaves of C. paliurus as a dietary supplement product and it is the first Chinese herbal tea approved by the institution (10). Therefore, C. paliurus has attracted more and more attention, and several studies found that polysaccharides and polyphenols (flavonoids, tannins, phenolic acids, and anthocyanins) isolated from C. paliurus leaves exert a potent hypoglycemic effect to ameliorate high-fat diet-low dose streptozotocin (STZ)-induced experimental T2DM in mice (11, 12). However, the mechanism of the effect of bioactive constituents of C. paliurus leaves on glucose and blood lipid metabolism improvement is still unclear.

Gut microbiota plays an important role in T2DM. Moderate dysbiosis with a decrease in butyric-producing bacteria and an increase in opportunistic pathogens was found in T2DM patients in China (13). Recently, accumulating evidence demonstrated that C. paliurus could impact T2DM through gut microbiota and its metabolites. Li et al. found that polysaccharide from C. paliurus leaves attenuated diabetes through multi-path of gut microbiota and host metabolism in T2DM rats (14). Yao et al. revealed that C. paliurus alleviate T2DM symptoms by modulating gut microbiota and short-chain fatty acids (SCFAs) in T2DM rats (15).

As above mentioned, C. paliurus seems to have the potential to be a new treatment medication for T2DM. However, to our knowledge, no existing literature or research is available to address the question concerning whether C. paliurus can improve glucose and lipid metabolism in T2DM patients. Thus, we conducted a pilot clinical randomized controlled study to compare the effect of C. paliurus leaves extracts (CP) and an antidiabetic drug Glipizide on metabolic phenotypes, including the intestinal microbiota and their metabolites (SCFAs and bile acids) in T2DM patients.





Method




Study design and subjects

A randomized and open-label, controlled clinical trial was designed and conducted according to Consolidated Standards of Reporting Trials guidelines (16). Participants were all recruited from the community healthcare center at West Renmin Road, Yanquan Road and Xiameiqiao Road in Chenzhou, Hunan, China from January 2019 to December 2020. All participants with T2DM signed written informed consentforms before enrollments. The trial protocol was registered at Chinese Clinical Trial Registry (http://www.chictr.org.cn/) and got a registration number of ChiCTR1900020482. Chinese newly onset, treatment-naive T2D patients from Han nationality with the age of 35- to 70-year old were enrolled in this trial. The inclusion criteria were as follows: (1) fasting plasma glucose (FBG) ≥7 mmol/L or/and 2-h oral glucose tolerance test ≥11.1 mmol/L; (2) HbA1c ≥6.5% (6.5%≦HbA1c≦12%) (17, 18). The exclusion criteria were listed in Table S1 (Supplementary Material Content 1). The ethics committee of Affiliated Hospital of Xiangnan University approved the study protocol (Ethical approval department No. KY-20181226001).Patients who met all inclusion criteria were randomly assigned to either the C. paliurus leaves extracts group (CP group) or the Glipizide group (G group) in a 2: 1 ratio using a computer-generated random number allocation by a researcher not involved in the study.





Sample sizes calculation

According to Movahed et al., the HbA1c difference between intervention group and control group was expected to be 1.2% at the end of the intervention (19). Combined with a standard deviation of 1.09%, α=0.05 and power=0.80, we calculated that a minimum of 11 T2DM patients were required in each group. Assuming a shedding rate of 10%, each group needed12 T2DM patients at least according to the actual situation. For this clinical trial, a minimum of 36 T2DMpatients were required.





The medication intervention

Before starting the clinical trial, all the enrolled participants underwent a 2-week run-in period and received a diet and exercise education about the daily management of T2DM. Once the 2-week run-in period completed, participants entered the intervention study immediately. In the CP group, the participants received CP powder (2g/time, 3 times/day orally before meals) (CP were provided by Chenzhou Mingrun biological products Co. LTD, Hunan, China) (Figure S1). In the G group (the positive-control group), the participants received Glipizide Controlled-Release Tablets (5mg/time, 2 times/day orally before meals) (Pfizer Pharmaceuticals LLC, hereinafter referred to as Glipizide) that has no significant effect on gut microbiota of T2DM patients (20). During the intervention, all participants were required to monitor FBG, and 2-hour post-meal blood glucose (2hPBG) using Roche glucometer (Accu-Chek Performa) every day.





Preparation of Cyclocarya paliurus leaves extracts and phytochemical analysis

Cyclocarya paliurus leaves extracts (CP)were provided by Chenzhou Ming run biological products Co. LTD Hunan, China. The license number of this product is QS431006011417.The leaves of C. paliurus has long been used as a bitter Traditional Chinese Medicine which has also been historically used as an herbal tea in the folk. Nowadays, the products derived from the leaves of C. paliurus have become a very popular health product in China (11). CP were prepared according to the method described previously with some modifications (21). Briefly, the leaves of Cyclocarya paliurus were dried and pulverized before extraction. Cyclocarya paliurus leaves powders were soaked with distilled water at 90 °C for 1 h (1:30, g/mL), and the extraction solution was centrifuged at 4500 × g for 15 min. The above operation was repeated once. The supernatants (extraction solutions, two times) were combined and concentrated using a rotary evaporator under vacuum. The resulting residue was dissolved with deionized water, filtered through a 800 mesh standard sieve. The elution was performed using 80% ethanol and the effluent of ethanol solution was collected and concentrated, resulting in the CP.

The composition of the C. paliurus leaves extracts was determined by high performance liquid chromatography (HPLC, Agilent 1200, USA) equipped with Agilent 5 TC-C18 (4.6 mm ×250 mm, 5μm). The system parameters were set as follows: injection volume, 5μL; the column temperature, 30°C; and the mobile phase flow rate, 0.8mL/min. The mobile phase consisted of two solvents: (A) 0.2% aqueous acetic acid and (B) acetonitrile. The elution conditions were as follows: 0–5min, gradient 5% B; 5–10 min, linear gradient 5–10% B; 10–15 min, linear gradient 10–25% B; 15–25 min, linear gradient 25–40% B; 25–30min, linear gradient 40–90% B. Peaks were detected at 254 nm. The quantification of different component monomers was based on the peak areas and calculated as equivalents of the standard compounds; all contents were expressed as mg/g component dry weight. The temperature of the column oven was set at 40 °C, the flow rate was set at 0.6 mL/ min and the injection volume was 5 µL.





Clinical assessment

Participants were asked not to make any change to their daily physical activity and to maintain body weight. On Day 0, Day 42, and Day 84, the 7-day recall method was used to measure physical activity energy expenditure through an interview-administered survey instrument modified from the Cross-Cultural Activity Participation Study (22). Metabolic Equivalent Tasks (METs) were conducted to measure the physical activity energy expenditure of all the participants. On Day 0 and Day 84, the medical history and anthropometric evaluation (body weight (BW), waist circumference (WC), waist to hip ratio (WHR), body mass index (BMI), systolic blood pressure (SBP) and diastolic blood pressure (DBP)) were recorded and fasting blood samples and fecal samples were collected. Oral glucose tolerance test(OGTT), insulin release test and C-Peptide release test were also performed. Further details about the physical activity assessment can be found online (Supplementary Methods, Supplementary Material Content 2). Adverse effects were also recorded by the research team.





Clinical outcomes

The primary clinical outcome was a change in the level of HbA1c over 84 days in the two treatment groups. The secondary clinical outcomes included the changes in the levels of FBG, 2hPBG, the area under curve of OGTT blood glucose, fasting insulin (FINS), 2-hour post-meal insulin (2hPINS), the area under curve of insulin release test, fasting C- peptide (FCP), 2-hour post-meal C-Peptide (2hPCP), the area under curve of C-peptide release test, total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-c), BW, WC, WHR, BMI, SBP, and DBP.





Gut microbiome, short-chain fatty acids and bile acids analysis

The stool samples were immediately transferred to the -80°Cfreezer for storage after collection on day 0 and day 84. Then the stool samples were used for bacterial 16sRNA gene sequencing, and SCFAs as well as BAs analysis. The detailed information was shown on Supplementary Material Content 2.





Safety assessment

The liver function (the total bilirubin (TBIL), direct bilirubin (DBIL), indirect bilirubin (IBIL), albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST)) and renal function (serum creatinine (Scr) and blood urea nitrogen (BUN))of all participants was assessed on day 0 and day 84.





Fecal microbiota transplantation in pseudo-sterile mice

The animal experimental protocol was approved by the animal ethics committee of Jinan University (20190821-02). A total 50 of C57BL/6J mice (weight, 25.00 ± 2g; age, 10 weeks) were purchased from Biotechnology Company Limited (Beijing, China). The mice were raised in the specific pathogen-free animal experiment center at Jinan University, with constant temperature (24 ± 2°C), constant humidity of 55 ± 10% and a 12-h light/dark cycle. All mice received adaptive feeding for 7 days, and then were randomly divided into a control group (NC, n=10) and an antibiotic treatment group (AT, n=40). Within the next 4 weeks, the mice in AT group were fed with antibiotic-containing sterile water and then divided into 4 groups. More detailed information was shown in Supplementary Material Content 2.





Statistical analysis

Outcomes were calculated on a strict intention-to-treat (ITT) basis. The raw data of Day 84 – the raw data of Day 0 represented the changes in all variables. The Kolmogorov-Smirnov Test was used to detect whether the continuous data conform to normal distribution. If normally distributed, paired T-test was used for intra-group comparison and independent T-test was used for inter-group comparison, and the data were expressed as mean and standard deviations. If not normally distributed, non-parametric two-tailed Wilcoxon matched-pairs signed-ranks was used for intra-group comparison and non-parametric K-independent Wilcoxon signed-ranks were used for inter-group comparison, and the data were expressed as the median and inter-quartile ranges. Fold changes of diabetes-induced markers after treatments of CP & G were calculated as (the raw data of day 84/the raw data of day 0). Statistical Package for Social Science (SPSS) 28.0 was used to analyze all data and we defined P<0.05 as statistically significant. All data visualization were made by GraphPad Prism (version 9.0). We used the OmicStudio tools at https://www.omicstudio.cn.to make a clustering correlation heatmap.






Results




Phytochemical characterization of CP

Phytochemical compositions of the CP were clarified by using high performance liquid chromatography (HPLC). The 5 components in the CP were identified in the chromatogram with peaks at 17.19 min to3-cafeoylquinic acid, 20.19 min to isoquercitrin, 22.19 min to kaempferol-3-glucoside, 23.43 min to kaempferol 3-rhamnoside, 27.56 min to quercetin by the comparison to external standards (Figure S2). Also, the contents of five compounds in the CP were measured by HPLC and their contents were 53.4, 42.5, 92.6, 4.8 and 2.1 mg/g in the CP, successively (Table S2, Supplementary Material Content 1).





Clinical baseline characteristics and physical activity of participants

According to the inclusion and exclusion criteria, a total of 38 participants with T2DM were randomly divided into the G group (n=13) and CP group (n=25) in the study. During the intervention, 6 participants dropped out (1 participant in the G group and 5 participants in the CP group). Finally, a total of 32 participants completed the intervention (Figure S3). At baseline, anthropometric parameters (BW, WC, WHR, BMI, SBP and DBP), blood glucose homeostasis (HbA1c, FBG, 2hPBG, FINS, 2hPINS, HOMA-IR, Fasting C-Peptide, 2hPCP, OGTT glucose AUC, Insulin release test AUC, C-Peptide release test AUC), blood lipid homeostasis (TG, TC, LDL-c and HDL-c) and other blood markers (TBIL, DBIL, IBIL, ALT, AST, ALB, Scr, BUN) were not statistically different between the two groups (Table S3, Supplementary Material Content 1). In addition, there were no significant differences in physical activity levels in the intra-group and inter-group comparisons on Day 0 and on Day 84 (Table S4, Supplementary Material Content 1).





CP alleviates HbA1c level in T2DM patients

Compared with Day 0, the level of HbA1c, the primary clinical outcome, was significantly decreased both in the G group and in the CP group on Day 84. At the end of intervention, there was no significant difference in the reduction of HbA1c between the two groups (Figure 1A; Table 1). We also calculated the proportion of participants who achieved adequate glycemic control (HbA1c<7%). On Day 0, there were no significant differences in the proportion of participants who achieved HbA1c<7% between the two groups, and both the G group and the CP group had a significant increase in the proportion of participants who achieved HbA1c<7% on Day 84 compared with Day 0. We also found that there was no significant difference in the proportion of participants who achieved HbA1c<7% on Day 84 between the two groups (Figure 1B; Table S5, Supplementary Material Content 1). These results demonstrate that the CP induce a significant reduction in HbA1c, which is similar to the effect of Glipizide on the reduction of HbA1c in T2DM patients.




Figure 1 | The changes in glucose metabolism phenotypes in T2DM patients. (A) The change in HbA1c level. (B) The percentage of participants with HbA1c<7%. (C-I) The changes in the levels of FBG (C), 2hPBG (D), FINS (E), 2hPINS (F), HOMA-IR (G), Fasting C-Peptide (H), 2hPCP (I). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons and independent T-test or non-parametric K independent Wilcoxon signed-ranks was used for comparisons of the fold changes between the two groups. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; T2DM, type 2 diabetes mellitus; FBG, fasting blood glucose; FINS, fasting insulin; 2hPBG, 2-hour post-meal blood glucose; 2hPINS, 2-hour post-mealinsulin;HOMA-IR, homeostasis model assessment for insulin resistance = (fasting blood glucose×fasting insulin/22.5), 2hPCP, 2-hour post-meal C-Peptide.




Table 1 | Comparison of metabolic parameters in T2DM patients.







CP ameliorates several other metabolic phenotypes in T2DM patients

From Day 0 to Day 84, the significant improvement in blood glucose homeostasis (FBG, 2hPBG, OGTT glucose AUC) (Table 1; Figures 1C, D, 2A), blood lipid homeostasis (TG, TC, LDL-c and HDL-c) (Table 1; Figures 3A–D) and anthropometric parameters (SBP and DBP) (Table 1; Figures S4E, F)was observed, whereas the other blood glucose homeostasis (FINS, 2hPINS, HOMA-IR, fasting C-peptide, 2hPCP, insulin release test AUC and C-peptide release test AUC) (Table 1; Figures 1E–I, 2B, C) and anthropometric parameters (BW, WC, WHR and BMI) (Table 1; Figures S4A–D) were not significantly affected in the CP group. From Day 0 to Day 84, the significant amelioration in blood glucose homeostasis (FBG, 2hPBG, OGTT glucose AUC, FINS, 2hPINS, fasting C-peptide, 2hPCP, insulin release test AUC and C-peptide release test AUC) was found, while the other blood glucose homeostasis (HOMA-IR), blood lipid homeostasis (TG, TC, LDL-c and HDL-c) and anthropometric parameters (BW, WC, WHR and BMI) were not significantly affected in the G group. The fold changes in blood lipid homeostasis (TG and HDL-c) and anthropometric parameters (DBP) was significantly greater in the CP group compared with the G group. Moreover, there were no significant differences in the fold changes in the other blood glucose homeostasis (FBG, 2hPBG, FINS, 2hPINS, fasting C-peptide, 2hPCP, HOMA-IR, OGTT glucose AUC, insulin release test AUC and C-peptide release test AUC), blood lipid homeostasis (TC and LDL-c) and anthropometric parameters (BW, WC, WHR, BMI and SBP) over the 84-days between the two groups. Also, the liver and kidney function parameters (TBIL, DBIL, IBIL, ALT, AST, ALB, Scr and BUN)did not significantly change in both CP group and the G group over the 84-day period (Table 1; Figures 1-3, S4, 5).These results suggest that CP can alleviate T2DM-associated clinical markers, blood lipid and blood pressure in addition to alleviating HbA1c in T2DM patients, having no significant impacts on the liver and kidney function.




Figure 2 | The changes in OGTT glucose AUC, insulin release test, and C-Peptide release test in T2DM patients. (A–C) The changes in the levels of OGTT glucose AUC (A), insulin release test AUC (B), and C-Peptide release test AUC (C). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons and independent T-test or non-parametric K independent Wilcoxon signed-ranks was used for comparisons of the fold changes between the two groups. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; AUC, area under curve.






Figure 3 | Blood lipid homeostasis in T2DM patients. (A–D) The changes in the levels of TG (A), TC (B), LDL-c (C), HDL-c (D). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons and independent T-test or non-parametric K independent Wilcoxon signed-ranks was used for comparisons of the fold changes between the two groups. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotin cholesterol; HDL-c, high-density lipoprotein cholesterol.







CP redresses gut microbiota dysbiosis in T2DM patients

To explore the potential role of the gut microbiota in CP-induced metabolic phenotypes improvement in T2DM patients, 16S rRNA gene sequencing was performed in the fecal samples from the patients on Day 0 and Day 84. At the phylum level, the overall microbial compositions were shown in Table S6 (Supplementary Material Content 1). The dominant species (mean relative abundance >1%) were Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, Verrucomicrobia and Fusobacteria (Figure 4A). From Day 0 to Day 84, only the abundance of Verrucomicrobia was significantly increased, whereas there were no significant differences in the abundances of Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria, Fusobacteria, Synergistetes, Cyanobacteria and Patescibacteria in CP group. In the G group, the abundances of the gut microbial at the phylum level were kept stable during the intervention (Table S6, Supplementary Material Content 1; Figures 4B–F).




Figure 4 | The abundances of the gut microbiota at the phylum level in T2DM patients. (A) The abundances of the gut microbiota at the phylum level. (B-F) The abundance of Verrucomicrobia (B), Firmicutes (C), Bacteroidetes (D), Proteobacteria (E) and Actinobacteria (F). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range.



At the genus level, the top 10 dominant genera was presented in Figure 5A. Compared with Day 0, the abundances of potentially beneficial bacteria (Faecalibacterium and Akkermansia) were significantly enriched, while the abundance of potentially pathogenic bacteria (Prevotella_9) was significantly reduced on Day 84 in the CP group (Table S7, Supplementary Material Content 1; Figures 5B–D). In addition, the abundances of other genera of bacteria showed no significant change in the CP group during the intervention. In the G group, the abundances of the gut microbiota at the genus level were not significantly affected from Day 0 to Day 84 (Table S7, Supplementary Material Content 1; Figures 5E–G).




Figure 5 | The abundances of the gut microbiota at the genus level in T2DM patients. (A) The abundances of the gut microbiota at genus level. (B–G) The abundance of Faecalibacterium (B), Akkermansia (C), Prevotella_9 (D), Bacteroides (E) and Ruminococcaceae_UCG-002 (F) and Phascolarctobacteriu (G). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons. (H) Theassociations between bacterial abundance at the genus level and metabolic parameters. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; BW, body weight; WC, waist circumference; WHR, waist to hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; FBG, fasting blood glucose; PBG, 2-hour post-meal blood glucose; FINS, fasting insulin; hPINS, 2-hour post-mealinsulin; 2hPCP, 2-hour post-mealC-Peptide; OGTT, oral glucose tolerance test; AUC, area under curve; HOMA-IR, homeostasis model assessment for insulin resistance = (fasting blood glucose×fasting insulin/22.5); TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotin cholesterol; HDL-c, high-density lipoprotein cholesterol, ALB, albumin; ALT, Alanine aminotransferase, Scr, serum creatinine; BUN, blood urea nitrogen.



Then we conducted a spearman correlation analysis to explore the potential relationships between bacterial abundance and metabolic phenotypes. We found that Faecalibacterium, which was enriched in the participants on Day 84 in the CP group, had a negative correlation with several metabolic phenotypes (HbA1c, FBG, 2hPBG, SBP and TC). Akkermansia, which was also enriched in the participants on Day 84 in the CP group, was negatively related to a few metabolic markers (HbA1c, FBG and TC). Prevotella_9 had a positive relationship with several metabolic markers (FBG, OGTT Glucose AUC, 2hPBG and TC) (Figure 5H). These findings indicate that CP-induced metabolic phenotype alleviation maybe associated with improved intestinal flora.





CP induces metabolites alteration in T2DM patients

To reveal metabolites alteration, related to the gut microbiota, which is potentially involved in CP-induced T2DM improvement, we performed metabolic profiling of feces from the participants. From Day 0 to Day 84, a significant increase was observed in total SCFAs, propionic acid (PA) and butyric acid (BA), while the levels of acetic acid (AA), isobutyric acid (IBA), valeric acid (VA), isovaleric acid (IVA) and hexanoic acid (HA) had no significant change in the CP group. In the G group, the level of total SCFAs, AA, PA, BA, IBA, VA, IVA and HA were not affected over the 84-day period (Table S8, Supplementary Material Content 1; Figures 6A–E).




Figure 6 | The levels of SCFAs in T2DM patients. (A–E) Total SCFAs (A), PA (B), BA (C), VA (D) and IVA (E). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons. (F) the associations between bacterial abundance and SCFAs. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; SCFAs, short chain fatty acids; AA, acetic acid; PA, propionic acid; BA, butyric acid; IBA, isobutyric acid; VA, valeric acid; IVA, isovalerlc acid; HA, hexanoic acid.



To explore the potential effect of CP on BA metabolism, a total of 20 species of BAs were detected. Compared to Day 0, the levels of unconjugated BAs (chenodeoxycholic acid (CDCA), 12-ketolithocholic acid (12-KLCA) and β-muricholic acid (β-MCA)) were significantly increased and the levels of conjugated BAs (taurodeoxycholic acid (TDCA),glycochenodeoxycholic acid (GCDCA) were significantly reduced, while no significant differences were found in other BAs in the CP group on Day 84. From Day 0 to Day 84, the levels of BAs showed no significant changes in the G group (Table S9, Supplementary Material Content 1; Figures 7A–F).




Figure 7 | The levels of BAs in T2DM patients. (A–F) The changes in the levels of CDCA (A),12-KLCA (B), β-MCA (C), TDCA (D), GCDCA (E), GDCA (F). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons. (G) The associations between bacterial abundance and BAs. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; BA, bile acids; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; LCA, lithocholic acid; UDCA, ursodeoxycholic acid; 7-KLCA, 7-ketolithocholic acid; CA, cholic acid; 12-KLCA, 12-ketolithocholic acid; β-MCA, β-muricholic acid; ω-MCA, ω-muricholic acid; GCDCA, glycochenodeoxycholic acid; GCA, glycocholic acid; TCA, taurocholic acid; TCDCA, taurochenodeoxycholic acid; GUDCA, glycoursodeoxycholic acid; TDHCA, taurodehydrocholic acid; GDCA, glycodeoxycholic acid; TUDCA, tauroursodeoxycholic acid; TLCA, taurolithocholic acid; Tβ-MCA, tauro-β-muricholic acid; GLCA, glycolithocholic acid; TDCA, taurodeoxycholic acid.



Correlation analyses were performed to determine the potential relationships between metabolites and gut microbiota. Coincidently, we observed that Faecalibacterium enriched in the CP group on Day 84 was positively related to SCFAs (total SCFAs, BA and PA) and unconjugated BAs (CDCA, 12-KLCA, β-MCA and LCA), but negatively correlated with conjugated BAs (GCA). Akkermansia, which was also enriched in the CP group on Day 84, showed a positive relationship with SCFAs (total SCFAs, BA, HA, IBA and PA), and unconjugated BAs (CDCA, 12-KLCA and β-MCA), but had a negative correlation with conjugated BAs (GUCDA, GCA, TDCA and TCDCA). Prevotella_9, which was depleted in the CP group on Day 84, was negatively correlated with SCFAs (total SCFAs, IBA and PA) and unconjugated BAs (CDCA and β-MCA), but positively associated with conjugated BAs (GCA, GLCA and TLCA). Megamonas was negatively correlated with conjugated BAs (GCA and GLCA), but positively associated with SCFAs (HA) and unconjugated BAs (β-MCA and CA) (Figures 6F, 7G).Taken together, the abovementioned results reveal that the changes in gut microbiome abundances induced by CP may be responsible for the alteration of metabolites, thus affecting metabolic phenotypes in patients with T2DM.





FMT ameliorates the glucose metabolism in pseudo-sterile mice

Experimental design for animal study for microbiota transplantation (Figure 8A). After the FMT, we observed that body weight was not also statistically significant both between intragroup and between intergroup (Figure 8B). Mice transplanted with the postintervention microbiota from the CP group showed better glucose metabolic parameters than those with the preintervention microbiota from the CP group, while mice transplanted with the postintervention microbiota from the G group showed no significant change in glucose metabolism parameters compared with the preintervention microbiota from the G group (Figures 8C–E).




Figure 8 | FMT improves glucose metabolism in pseudo-sterile mice. (A) Experimental design for animal study for microbiota transplantation. (B) Body weight. (C) OGTT blood glucose (2 weeks after transplantation) of mice receiving transplanted pre- and post-intervention human gut microbiota. (D) FBG level. (E) OGTT AUC. Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons and independent T-test or non-parametric K independent Wilcoxon signed-ranks was used for comparisons of the changes between the two groups. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; AT group, antibiotic treatment group; NC group, normal control group.








Discussion

In this pilot clinical randomized trial, we demonstrated for the first time that CP, like glipizide, significantly improved HbA1c level and other T2DM-associated glucose metabolism parameters, independent of physical activity and body weight and with no significant effects on liver and kidney function in the patients with T2DM. Moreover, CP also resulted in the improvement in the levels of blood lipid and blood pressure. These results indicate that CP displays a more beneficial effect in the alleviation of T2DM-associated metabolic phenotypes than Glipizide.

The improvements in T2DM-associated metabolic phenotypes induced by CP in the study may be explained in part by multiple chemical components in the CP, such as3-caffeoylquinic acid, isoquercitrin and kaempferol-3-glucoside. It has been shown that 3-caffeoylquinic acid is associated with a wide range of biological activities, such as antioxidation, antibacterial, antiparasitic, neuroprotective, anti-inflammatory, anticancer, antiviral, and antidiabetic effect (23). In the diabetic mice, isoquercitrin could significantly improve the sensitivity of adipose tissue to insulin and attenuate insulin resistance (24). Quercetin-3-glucuronide and kaempferol-3-glucuronideisolated from C. paliurus leaves showed potential anti-diabetic activity in STZ-stimulated mice (25). The above results were coincident with our findings that CP resulted in the alleviation of HbA1c and other T2DM-associated clinical markers and blood pressure, which was mainly associated with phytochemical compositions 3-caffeoylquinic acid, isoquercitrin and kaempferol-3-glucoside in the CP.

There is mounting evidence that gut microbiota involves the etiology and progression of T2DM, which has attracted the attention of researchers (26–28). Hence, we investigated the potential involvement in gut microbiota in mediating CP-induced T2DM improvement. In a multicenter, randomized, open label clinical trial, Chinese herbal formula alleviatedHbA1c, FBG, 2-h PBG, HOMA-IR, and TC levels through enriching Faecalibacteriumin T2DM patients with hyperlipidemia (29). Another study showed that participants with diabetes taking metformin had higher relative abundance of Akkermansia muciniphila and several SCFA-producing microbiota compared with participants without diabetes (30). In addition, a randomized, double-blind clinical trial showed that a freshwater fish-based diet ameliorated hepatic steatosis and other metabolic phenotypes by increasing Faecalibacterium abundance in patients with NAFLD (31). In agreement with human studies, the increase in the Akkermansia by metformin treatment contributed to the antidiabetic effects of metformin in diet-induced obese mice (32). Several clinical studies have found that Prevotell_9was enriched in patients with advanced liver fibrosis, liver cirrhosis, insulin resistance, type 2 diabetes, inflammation and obesity (33–35). In our study, we observed that the abundances of Faecalibacterium and Akkermansia were enriched, and the abundance of Prevotella_9 was decreased at the end of the intervention in the CP group, along with the improvement in HbA1c and other metabolic phenotypes. Supporting the aforementioned findings, our study provided new insights into the potential role of gut microbiota in mediating the more beneficial effect of CP on T2DM than Glipizide.

On the other hand, our results showed that Glipizide did not significantly affect the composition of intestinal flora during the intervention, which was consistent with the report by Wamg et al (20). Glipizide works by binding to the sulphonylurea receptor (SUR)-1 subunit of pancreatic β-cell ATP-sensitive potassium channels, leading to their closure; the resultant membrane depolarization opens voltage-dependent calcium channels, causing intracellular calcium concentrations to increase, with subsequent release of insulin (36).

In addition to gut microbiota, metabolites including SCFAs, amino acid catabolites, and BAs produced by gut microbiota play an important role in T2DM development. These metabolites alleviate or exacerbate T2DM via their homologous receptors-mediated signaling (27, 37). We therefore attempted to clarify the potential role of metabolites (SCFAs and BAs) in mediate the beneficial impact of CP on T2DM patients. The favorable effects of SCFAs on metabolic phenotypes in T2DMhave been demonstrated. Zhao et al.indicated that SCFAs such as BA were significantly increased by gut microbiota and alleviated metabolic phenotype in T2DM patients after dietary fiber intervention (28). CP polysaccharides alleviated T2DM symptoms by increasing the SCFA-producing bacteria in type 2 diabetic rat models (15). Consistently, our study showed that total SCFAs, PA and BA were significantly enriched in the CP group at the end of the intervention. The mechanism responsible for the beneficial effects of SCFAs on T2DM involves the combination of SCFAs with G protein-coupled receptor 41 (GLPR41) and GLPR43 expressed by pancreatic β-cells (38, 39).

The results of BAs profiling indicated that the regulation of BA signal might be involved in the effect of CP on T2DM patients. On Day 84 of intervention, unconjugated BAs (CDCA, 12-KLCA and β-MCA) levels were increased, while conjugated BAs (GCDCA and TDCA) levels were reduced in the CP group compared with Day 0. Mantovani et al. reported that T2DM was significantly associated with the higher levels of conjugated BAs (TCDCA, TDCA, GCDCA, GDCA and GCA) as well as the lower level of unconjugated BAs (CA) (40). The report by Zhao showed that radix scutellariae water extract ameliorated hyperglycaemia, hyperlipidaemia and liver and kidney damage by significantly decreasing the contents of conjugated BAs (GDCA, GLCA, TLCA and TUDCA) in T2DM rats (41). The above findings supported our results. BAs are conformed to be involved in regulation of glucose and lipid response. BAs can regulate the gene expression of glucose, lipid synthesis and metabolism via binding with farnesoid X receptor and Gprotein-coupled bile acid receptor 5in the enterohepatic circulation (37).

Collectively, our results indicate that CP increases the levels of SCFAs and unconjugated BAs and decreases the levels of conjugated BAs, thus leading to the improvements in HbA1c and other metabolic indicators.

At last, FMT in pseudo-sterile mice was conducted to confirm the causal relationship between the gut microbiota and the effect of CP on host glucose metabolism. The results showed that glucose metabolism parameters (FBG and OGTT glucose AUC) had a significant improvement in the mice transplanted with the post-intervention microbiota from the CP group compared with the mice transplanted with pre-intervention microbiota. Zhang et al. Reported that transplanted fecal bacteria from individuals with normal glucose tolerance altered gut microbiota composition and improved FBG, 2hPBG, TC, TG, and LDL-c in db/db mice (42). Our findings supported the above results, suggesting that better glucose metabolic parameters in mice was associated with the improvement in gut microbiota dysbiosis in the patient CP008 after CP intervention.





Strengths and limitations

There were several strengths in our study. First, all existing studies on CP were based on animals or in vitro experiments and this is the first clinical RCT to reveal the effect of CP on T2DM patients. Second, we explored the potential mechanism of CP-induced metabolic phenotypes improvement. Third, a pseudo-sterile mouse experiment was performed to verify the causality between the gut microbiota and CP-induced changes in glucose metabolism. However, there were some limits to the study. First, this was a single, open-label, controlled clinical trial, and the participants and researchers were aware of the intervention. Third, the sample size of diabetes patients included in the clinical study was relatively small. In addition, germ-free mice were not used in the FMT experiment.





Conclusion

In conclusion, this 84-day clinical randomized controlled trial in T2DM patients demonstrates that CP displays a more beneficial effect in the alleviation of T2DM-associated metabolic phenotypes than Glipizide by regulating gut microbiota and metabolites, with no significant effects on liver and kidney function. However, these results should be considered preliminary, and large-scale clinical controlled studies are required to confirm these findings.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving human participants were reviewed and approved by ethical approval department No. KY-20181226001. The patients/participants provided their written informed consent to participate in this study. The animal study was reviewed and approved by Jinan University (20190821-02).





Author contributions

The authors’ responsibilities were as follows—XP, SC, LuZ, YL, CW and ST contributed to the conception and design of this study. XP, SC, LuZ, YL, CW, LiZ, WC, JZ and JY were involved in the acquisition and analysis of the data. XP, LiZ and LuZ interpreted the results. XP, SC and ST drafted the manuscript. All authors read and approved the final manuscript.





Funding

This study was supported by Natural Science Foundation of Hunan Province, China (No.2021JJ70048); Health Commission Funding Project of Hunan Province, China (No. B2019145); High-level talents scientific research start-up fund project of Liuzhou People’s Hospital, Guangxi (No. LRYGCC202202); Medical Science and Technology Foundation of Guangdong Province (No. A2018011, No. C2020076).




Acknowledgments

The authors appreciate all staff who participates in this study.





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1176256/full#supplementary-material

Supplementary Figure 1 | Business License of Chenzhou Mingrun biological products Co. LTD, Hunan, China and cyclocarya paliurus leaves extracts. (A) Business license. (B) Food production license. (C) List of permitted varieties of food production. (D) Packaging of Cyclocarya paliurus leaves extracts. (E) Cyclocarya paliurus leaves extracts.

Supplementary Figure 2 | HPLC fingerprinting of cyclocarya paliurus leaves extracts. HPLC chromatogram of standard mixture (A) and cyclocarya paliurus leaves extracts (B). External standard: (1) 3-caffeoylquinic acid, (2) 5-caffeoylquinic acid, (3) isoquercitrin, (4) kaempferol-3-glucoside, (5) kaempferol 3-rhamnoside, and (6) quercetin.

Supplementary Figure 3 | The flow chart of participant recruitment and withdrawal.

Supplementary Figure 4 | Anthropometric markers in T2DM patients. (A-F) The changes in the levels of weight (A), Waist (B), Waist-hip ratio (C), BMI (D), SBP (E) and DBP (F). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons and independent T-test or non-parametric K independent Wilcoxon signed-ranks was used for comparisons of the fold changes between the two groups. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Supplementary Figure 5 | Liver and renal function in T2DM patients. (A-H) The changes in the levels of TBIL (A), DBIL (B), IBIL (C), ALB (D), ALT (E), AST (F), Scr (G), BUN (H). Data are presented as means ± SD or medians (IQRs). Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for intra-group comparisons and independent T-test or non-parametric K independent Wilcoxon signed-ranks was used for comparisons of the fold changes between the two groups. CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin;ALB, albumin;ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; Scr, serum creatinine; BUN, blood urea nitrogen.
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Introduction: Clonal hematopoiesis of indeterminate potential (CHIP) is associated with atherosclerosis and cardiovascular disease. It has been suggested that CHIP may be related to diabetes, so we investigated the association between CHIP and new-onset type 2 diabetes.

Methods: This study included 4,047 subjects aged >=40 years without diabetes. To detect CHIP, targeted gene sequencing of genomic DNA from peripheral blood cells was performed. The incidence of new-onset type 2 diabetes during the follow-up period was evaluated.

Results: Of the total subjects, 635 (15.7%) had CHIP. During the median follow-up of 5.1 years, the incidence of new-onset diabetes was significantly higher in CHIP carriers than in subjects without CHIP (11.8% vs. 9.1%, p = 0.039). In a univariate analysis, CHIP significantly increased the risk of new-onset diabetes (HR 1.32, 95% CI 1.02–1.70, p = 0.034), but in a multivariate analysis, it was not significant. The CHIP-related risk of new onset diabetes differed according to LDL cholesterol level. In the hyper-LDL cholesterolemia group, CHIP significantly increased the risk of diabetes (HR 1.64, 95% CI 1.09–2.47, p = 0.018), but it did not increase the risk in the non-hyper-LDL cholesterolemia group. The subjects with CHIP and hyper-LDL-cholesterolemia had approximately twice the risk of diabetes than subjects without CHIP and with low LDL cholesterol (HR 2.05, 95% CI 1.40–3.00, p < 0.001).

Conclusion: The presence of CHIP was a significant risk factor for new-onset type 2 diabetes, especially in subjects with high LDL cholesterol. These results show the synergism between CHIP and high LDL cholesterol as a high-risk factor for diabetes.
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1. Introduction

The development of type 2 diabetes is very complex, involving several genetic and environmental factors. Age, race/ethnicity, family history of diabetes, obesity, and physical inactivity are known as traditional risk factors (1). However, these traditional risk factors alone cannot fully explain the development of type 2 diabetes. The previous prediction models generated with these traditional risk factors had limited ability to predict future type 2 diabetes (2–4). Therefore, studies have been conducted to find new factors conferring residual risk for type 2 diabetes. For example, genome-wide association studies have recently been performed to find new genetic risk factors, and based on these studies, it is estimated that genetic variation can explain 18%−45% of the risk for type 2 diabetes (5, 6). Even so, there are still risk factors for type 2 diabetes that have not been discovered.

Aging is accompanied by the accumulation of somatic mutations in hematopoietic stem cells. These mutations can cause hematologic malignancies, such as acute leukemia, but this does not happen in most individuals. The clonal expansion of hematopoietic cells with aging-related recurrent somatic mutations in the absence of other hematologic abnormalities is called clonal hematopoiesis of indeterminate potential (CHIP) (7). CHIP has been reported to be associated with an increased risk of cardiovascular disease, including coronary heart disease and stroke, and higher mortality (8, 9). CHIP is an emerging risk factor for atherosclerosis (10, 11).

Type 2 diabetes is a potent risk factor for cardiovascular disease and atherosclerosis. Like CHIP, type 2 diabetes is associated with aging. A meta-analysis reported that type 2 diabetes is associated with an increased risk of hematologic malignancy (12). These results suggest that CHIP may have some relationship with type 2 diabetes. Bonnefond et al. reported that large clonal mosaicism in peripheral blood cells was associated with type 2 diabetes (13). Jaiswal et al. reported that CHIP was modestly but significantly associated with an increased risk of type 2 diabetes (odds ratio 1.3) (14). Owing to the limitations of cross-sectional studies, whether CHIP promotes the development of type 2 diabetes is not yet understood. Therefore, in this study, we investigated the association between CHIP and new-onset type 2 diabetes in a longitudinal retrospective cohort study.



2. Materials and methods


2.1. Study population

The Gene-ENvironmental Interaction and phEnotype (GENIE)-CHIP cohort was designed to investigate the effects of CHIP on health outcomes. This retrospective cohort included subjects aged ≥65 years or aged 40–64 years with more than one of the risk factors for cardiovascular disease (diabetes, hypertension, dyslipidemia, chronic kidney disease, and current smoking) who came to the Seoul National University Hospital Healthcare System Gangnam Center for a health check-up for screening purposes between January 2014 and January 2017. The GENIE-CHIP cohort was a subcohort of the GENIE cohort, and details of the GENIE cohort were described previously (15). Of the total 4,991 subjects in the GENIE-CHIP cohort, subjects who did not have glucose or low-density lipoprotein (LDL) cholesterol (n = 64) were excluded, and 4,927 subjects were finally analyzed (Supplementary Figure S1). Type 2 diabetes was defined as a fasting glucose ≥126 mg/dl or HbA1c ≥6.5% and/or treatment with glucose-lowering medication. Hypertension was defined as a systolic blood pressure (BP) ≥140 mmHg or diastolic BP ≥90 mmHg or the use of anti-hypertensive medications. Dyslipidemia was defined as total cholesterol ≥240 mg/dL, LDL cholesterol ≥160 mg/dL, triglycerides ≥200 mg/dL, high-density lipoprotein (HDL) cholesterol < 40 mg/dL, or the use of medication for dyslipidemia.

Informed consent was obtained from participants in the GENIE cohort, and blood samples were collected with the approval of the Seoul National University Hospital Institutional Review Board (H-1103-127-357). The protocol of this retrospective cohort study was additionally approved by the institutional review board (H-1908-121-1056), and informed consent was waived owing to its retrospective nature.



2.2. Targeted gene sequencing

Genomic DNA was isolated from peripheral blood. Targeted gene sequencing was performed using an Agilent SureSelectXT HS custom panel and the Illumina NovaSeq 6000 with 2 × 150 bp paired-end reads with a minimum coverage of 800 ×. The custom panel comprised all the exons of 89 genes frequently involved in CHIP, such as DNMT3A, TET2, ASXL1, JAK2, and TP53 (8, 14, 16–18). The detailed process of CHIP variant calling is described in a previous study (19). The unreliable variants, which met any one of the following criteria, were filtered out as sequencing artifacts or germline variants as follows: (1) the number of altered reads on the positive and negative strands was < 5, the mapping quality was < 30, or the base quality was < 30; (2) the variant allele frequency (VAF) was not between 1.5% and 30%; (3) it was among the common germline variants, including those listed in genomAD, 1 k Genome v3, ESP6500, and ExAC; and (4) it was listed in the artifact database with a minor allele frequency of >2% in the internal panel of 1,000 Korean individuals. All reliable non-synonymous variants were annotated as CHIP mutations.



2.3. Statistical analyses

Continuous variables are presented as the mean ± standard deviation or median with interquartile range and were compared using Student's t-test for independent samples or the Mann–Whitney test. Categorical variables are expressed as numbers and percentages and were compared using the χ2 test or Fisher's exact test. The association between the presence of CHIP and new-onset type 2 diabetes was tested using a Cox proportional hazard model with covariates including age, sex, BMI, and other diabetes risk factors. Diabetes-free survival, estimated using the Kaplan–Meier method, was compared between the groups using the log-rank test. The attributable proportion (AP) due to the interaction between CHIP and high LDL cholesterol was calculated using the epiR package of R statistics (version 4.1.2., R Foundation for Statistical Computing). For this analysis, participants were included in the hyper-LDL cholesterolemia (hyperLDLC) group if their LDL cholesterol level was ≥160 mg/dL (classified as “high level” by the National Cholesterol Education Program) (20, 21) or if they took medication for dyslipidemia. Samples with covariates missing were removed in the risk analysis and interaction analyses. All statistical analyses were performed using Python version 3.7.9 (Python Software Foundation) and its packages Numpy (1.19.4), Scipy (1.5.3), Scikit-learn (0.23.2), and Lifelines (0.25.6).




3. Results


3.1. Baseline characteristics and the prevalence of type 2 diabetes

Of the total 4,927 subjects, the mean age was 55.4 ± 8.1 years, 73% were men, and 790 (16.0%) had CHIP (Supplementary Table S1). The prevalence of subjects with CHIP (CHIP carrier) increased with age, and gene mutations in DNMT3A and TET2 were the most frequently identified (Supplementary Figure S2). Compared with subjects without CHIP, CHIP carriers were significantly older (58.7 ± 8.5 years old vs. 54.7 ± 7.9 years old, p < 0.001) and had lower levels of LDL cholesterol (120.9 ± 31.7 mg/dL vs. 125.4 ± 32.8 mg/dL, p < 0.001). However, sex, BMI, waist circumference, and the prevalence of hypertension and dyslipidemia were not different between subjects with and without CHIP (Supplementary Table S1). Of the total 4,927 subjects, 696 (14.1%) had type 2 diabetes. The prevalence of type 2 diabetes in subjects with CHIP (15.2%) was higher than that in subjects without CHIP (13.9%), but it was statistically insignificant.



3.2. Impact of CHIP on the incidence of new-onset type 2 diabetes

Among the 4,231 subjects without type 2 diabetes, 4,047 (96%) had at least one follow-up examination. The baseline blood levels of glucose and HbA1C were slightly higher in subjects with CHIP than in subjects without CHIP (Table 1). The median follow-up duration was 5.1 years (interquartile range 3.3–6.1 years), and 385 (9.5%) subjects were newly diagnosed with type 2 diabetes. The median time to new-onset type 2 diabetes was 3.1 years (interquartile range 2.0–4.9 years). The incidence of type 2 diabetes in CHIP carriers (11.8%) was significantly higher than that in subjects without CHIP (9.1%) (p = 0.039). The Kaplan–Meier curve demonstrated that CHIP carriers had a higher risk of new-onset type 2 diabetes (log-rank p = 0.033; Figure 1A). To investigate the effect of CHIP on new-onset type 2 diabetes, a Cox regression analysis was performed. In a univariate analysis, CHIP significantly increased the risk of new-onset type 2 diabetes (hazard ratio [HR] 1.32, 95% confidence interval [CI] 1.02–1.70, p = 0.034). However, in a multivariate analysis adjusting for age, sex, BMI, and family history of diabetes, it was not significant (HR 1.19, 95% CI 0.92–1.54, p = 0.194) (Supplementary Table S2).


TABLE 1 Clinical characteristics of study subjects according to CHIP status.
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FIGURE 1
 Risk of new-onset type 2 diabetes according to the presence of CHIP. Kaplan–Meier curves were plotted for all subjects (total group) (n = 4,047) (A) subjects with low LDL cholesterol levels (non-hyperLDLC group) (B), and subjects with high LDL cholesterol levels (hyperLDLC group) (C). The multivariate Cox regression model was analyzed adjusting for age, sex, BMI, and family history of diabetes in the total group, non-hyperLDLC group, and hyperLDLC group (D).


In addition, it was investigated whether CHIP clone size or specific CHIP mutation contributed more to the increased risk of new-onset type 2 diabetes. Among CHIP carriers, 14.4% (92/635) had large CHIP clones defined as VAF ≥10%. Large CHIP carriers had a higher risk of new-onset type 2 diabetes compared with small CHIP carriers or subjects without CHIP in the Kaplan–Meier curve (Supplementary Figure S3). When examining individual CHIP mutations, there was no single mutation that significantly increased the risk of new-onset type 2 diabetes (Supplementary Figure S3).



3.3. Impact of CHIP on new-onset type 2 diabetes and its interaction with LDL cholesterol

To identify any subgroups that had a greater impact on CHIP, an interaction analysis between CHIP and clinical factors was conducted. Among the clinical factors, only LDL cholesterol showed a significant interaction with CHIP for new-onset type 2 diabetes (p = 0.030, Supplementary Table S3). Therefore, the subjects were divided into the non-hyperLDLC group (LDL cholesterol < 160 mg/dL and no medication for dyslipidemia) and the hyperLDLC group (LDL cholesterol ≥160 mg/dL and/or medication for dyslipidemia). The Kaplan–Meier curve demonstrated that CHIP carriers had a higher risk of new-onset type 2 diabetes only in the hyperLDLC group (log-rank p = 0.004; Figures 1B, C). A multivariate Cox regression analysis also showed that CHIP significantly increased the risk of new-onset type 2 diabetes in the hyperLDLC group (adjusted HR 1.64, 95% CI 1.09–2.47, p = 0.018) but not in the non-hyperLDLC group (adjusted HR 0.98, 95% CI 0.69–1.38, p = 0.894) (Figure 1D). Furthermore, CHIP and high LDL cholesterol demonstrated a significant synergistic effect on the development of new-onset type 2 diabetes (Table 2). The subgroup analysis showed that CHIP carriers in the hyperLDLC group had an ~2-fold higher risk of developing new-onset type 2 diabetes than non-CHIP carriers in the non-hyperLDLC group (HR 2.05, 95% CI 1.40–3.00, p < 0.001). This interaction between LDL cholesterol and CHIP may significantly contribute to the development of new-onset type 2 diabetes, at a rate of 34% (Supplementary Table S3). It suggested the synergistic effect of CHIP and high LDL cholesterol on new-onset type 2 diabetes. To exclude the effects of statins on the risk of new-onset type 2 diabetes, a subgroup analysis was conducted only in those who did not take medication for dyslipidemia, and the results were similar (Supplementary Table S4).


TABLE 2 Subgroup analysis of the risk of new-onset type 2 diabetes based on CHIP status and LDL cholesterol level.
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4. Discussion

The present study demonstrated that CHIP increased the risk of new-onset type 2 diabetes in subjects with high LDL cholesterol. CHIP had a significant interaction with LDL cholesterol, and they showed synergism in increasing the risk for new-onset type 2 diabetes. The risk for new-onset type 2 diabetes in CHIP carriers in the hyperLDLC group was twice that of non-CHIP carriers in the non-hyperLDLC group.


4.1. Association between CHIP and type 2 diabetes

To the best of our knowledge, this is the first cohort study demonstrating a significant association between CHIP and the development of new-onset type 2 diabetes. Although Jaiswal et al. reported the association between CHIP and type 2 diabetes for the first time, it was a cross-sectional study (14). Additionally, its association was only significant in European and South Asian populations (14). In the present study of an East Asian population, the prevalence of type 2 diabetes was not different between subjects with and without CHIP, but CHIP increased the risk of new-onset type 2 diabetes. In this study, we accepted a broader definition of CHIP mutations than the previous study (14). CHIP mutations are classified into putative drivers (PD-CHIP) and non-putative drivers (non-PD-CHIP) (13). While Jaiswal et al. defined only hematologic cancer driver mutations as CHIP mutations (PD-CHIP), we included both PD and non-PD-CHIP mutations that cause any of the non-synonymous amino acid alterations in this study. Clonal expansions can be induced by various genetic alterations, including copy number variants (CNVs), structural variations, and epigenetic changes, not just somatic “driver” mutations (PD-CHIP). Hence, non-PD-CHIP mutations could be considered “passengers” in clonal expansion caused by other alterations that could not be detected using our targeted panels but may still have clinical consequences. Recently, it is reported that a large CHIP clone defined as VAF ≥10% was associated with a greater risk of cardiovascular disease and all-cause mortality (22). In this study, the Kaplan–Meier curve showed that large CHIP was associated with a higher risk of new-onset type 2 diabetes compared with small CHIP (Supplementary Figure S3). However, it was insignificant in a multivariate analysis adjusting for age, sex, BMI, and family history of diabetes (HR 1.62, 95% CI 0.96–2.72, p = 0.069), and this may be because of the small number of large CHIP carriers. Further large-scale longitudinal studies on the association between CHIP and new-onset type 2 diabetes are needed to validate our results.



4.2. Plausible mechanism underlying the effect of CHIP on the development of type 2 diabetes

Among genes mutated in CHIP, DNMT3A and TET2 were the most frequent (9, 14, 23). Consistent with these results, DNMT3A and TET2 were the most commonly mutated genes in both our total subjects and our subjects with new-onset type 2 diabetes (Supplementary Figure S2).

CHIP may affect insulin resistance and contribute to the development of type 2 diabetes. Fuster et al. generated mice with CHIP to investigate the effect of CHIP on atherosclerosis and insulin resistance (24, 25). Tet2 loss-of-function-driven clonal hematopoiesis showed a progressive aggravation of insulin resistance and an increase in fasting blood glucose levels in aged, obese mice (25). It was accompanied by increased proinflammatory cytokine interleukin (IL)-1β expression in white adipose tissues. These results suggest that inflammation is an important mechanism underlying the effect of CHIP on insulin resistance.

CHIP shifts macrophages to a more inflammatory state. Dnmt3a or Tet2-deficient J774.1 myeloid cells created using a lentivirus/CRISPR system showed increased expression of inflammatory cytokines and chemokines, such as IL-1β, IL-6, and CCL5 (26). Inflammatory cytokines, including IL-1β, were upregulated in macrophages isolated from mice with Tet2 deficiency restricted to myeloid cells (Mye-Tet2-KO mice) compared with macrophages from control mice (24). In patients with heart failure, peripheral blood monocytes of patients carrying DNMT3A mutations have demonstrated a significant upregulation of inflammatory genes compared with those of patients without DNMT3A mutations (27). Type 2 diabetes is a chronic inflammatory disease (28). The infiltration and expansion of macrophage and the production of proinflammatory cytokines in several tissues, including the pancreatic islets, adipose tissue, muscle, and liver, contribute to the development of type 2 diabetes. Therefore, more inflammatory macrophages related to CHIP may be an underlying mechanism of the increased risk of new-onset type 2 diabetes.



4.3. The effect of the interaction between CHIP and high LDL cholesterol levels on the development of new-onset type 2 diabetes

In this study, the interaction between CHIP and high LDL cholesterol levels showed a synergistic effect on the development of new-onset type 2 diabetes. CHIP significantly increased the risk of new-onset type 2 diabetes in the hyperLDLC group (adjusted HR 1.64) but not in the non-hyperLDLC group (adjusted HR 0.98). The hyperLDLC group included 45% (540/1203) statin users. Statin use can increase the risk of diabetes, and a meta-analysis reported an odds ratio of 1.09 for new-onset type 2 diabetes (29, 30). Even after excluding statin users, CHIP still increased the risk of new-onset type 2 diabetes (Supplementary Table S4). This result suggests that the synergistic effect of CHIP and LDL cholesterol on the development of new-onset type 2 diabetes was independent of statin use. The underlying hypothesis for the synergism of CHIP and high LDL cholesterol is complex. First, LDL cholesterol itself may have exacerbated inflammation (31), leading to the development of type 2 diabetes. In particular, oxidized LDL and small dense LDL are more proinflammatory and proatherogenic than naïve LDL (32, 33), and they have also been reported to be associated with new-onset type 2 diabetes (34). Oxidized LDL cholesterol activates the nucleotide-binding domain, leucine-rich-containing family, and pyrin domain-containing-3 (NLRP3) inflammasome in the cytoplasm of macrophages, and NLRP3 inflammasome leads to proinflammatory cytokines IL-1β release (35). Therefore, LDL cholesterol and CHIP may boost macrophage activation through the inflammasome, resulting in a synergistic effect on the development of type 2 diabetes. Second, high LDL cholesterol levels may stimulate the proliferation of hematopoietic stem cells with CHIP mutations and increase the number of inflammatory myeloid cells in peripheral blood. Increased cholesterol levels can promote the proliferation and mobilization of hematopoietic stem cells (36, 37). APOE-deficient (Apoe−/−) or LDL receptor-deficient (Ldlr−/−) mice fed high-fat diets showed proliferation of hematopoietic stem cells as well as leukocytosis in peripheral blood (38–40). These results suggest that high LDL cholesterol levels may potentiate the effects of CHIP on type 2 diabetes.



4.4. Limitations

This study has some limitations. Since our study did not evaluate inflammatory markers/cytokines, such as IL-6, oxidized LDL, small dense LDL, or insulin resistance, it was difficult to elucidate the mechanism by which CHIP interacts with LDL cholesterol to increase the risk of type 2 diabetes. Further studies are needed to determine the underlying mechanism of the association between CHIP and type 2 diabetes. The time and number of follow-up examinations were different for each subject due to the nature of this retrospective cohort study.




5. Conclusion

This is the first study to demonstrate that the presence of CHIP was significantly associated with the development of type 2 diabetes. In particular, CHIP and high LDL cholesterol levels synergistically increased the risk of new-onset type 2 diabetes. CHIP may be a hidden risk factor for type 2 diabetes.
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CHIP, clonal hematopoiesis of indeterminate potential; BMI, body mass index; WC, waist circumference; BP, blood pressure.
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Day 0 (n=25) Day 84 (n=25) Day 0 (n=13) Day 84 (n=13)

Blood glucose homeostasis

HbAlc (%) 7.29 (7.07, 7.63) 6.70 (6.50, 7.28) 0.000 7.14 (7.08, 8.44) 7.01 (642, 7.55) 0.002 0384
FBG (mmol/L) 8.37+2.05 7645162 0.002 7.80£1.26 6734098 0.003 0224
2hPBG (mmol/L) 14.56 (1247, 16.58) 12.72 (10.27, 14.05) 0.000 14.45 (12,60, 19.00) 12.8 (10.05, 16.08) 0028 0.600
OGTT glucose AUC (mmol/L/ 222615 (1972.72, 1925.55 (1733.40, 0.000 2258.10 (2026.90, 2063.70 (1838.62, 0.008 0877
min) 2688.37) 2352.15) 2827.05) 2317.87)
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2hPINS (WIU/mL) 3734 (27.02,85.43) 4048 (2733, 75.23) 0279 2677 (21.56,51.74) | 3234 (2807,5525)  0.006 0902
Insulin release test AUC (WIU/ 49422 (3613.35, 5579.55 (3932.55, 0.145 4249.2 (2807.7, 4915.5 (3871.05, 0.004 e
mL/min) 10822.20) 11280.75) 5489.25) 5895.75)

HOMA-IR 226 (1.65, 4.45) 211 (1.38, 3.97) 0351 1.46 (1.24, 3.18) 1.96 (101, 3.77) 0638 0.400
Fasting C-Peptide (ng/mL) 111 (088, 1.73) 122 (0.94, 1.56) 0616 0.99 (0.85, 1.30) 1.21 (093, 1.57) 0.002 0797
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‘mL/min) 711.80) 634.20) 640.80)

Blood lipid homeostasis

TG(mmol/L) 2.38+1.51 1.98£1.01 0.014 1.67+0.92 1.80+0.77 0.250 0.014
TC(mmol/L) 5.65+1.35 5.13+1.26 0.001 4.54+089 4.28+0.90 0.064 0.672
LDL-c(mmol/L) 3.40+1.24 2.88+1.15 0.007 2.55+0.71 2.44+0.85 0.231 0.735
HDL-c(mmol/L) 1.17+0.42 1.27+0.33 0.006 1.22+0.32 1.16+0.33 0.523 0.043

Anthropometric markers

BW (kg) 60.88+7.95 60.66+8.06 0.408 63.148.36 62.69+8.19 0203 0955
WC (cm) 87.16+5.74 87.03+6.14 0.817 89.88+6.80 88.92+7.14 0.126 0589
WHR 0924038 093+047 0.298 0.94%0.50 093+0.51 0231 0421
BMI 23.95%2.07 23.82+2.01 0.165 24.38+2.33 24.23£2.34 0229 0853
SBP (mmHg) 136.08+19.23 129.80£16.25 0.011 125.84£19.13 121.30£16.73 0.116 0820
DBP (mmHg) 81.00 (73.00, 88.50)  74.00 (68.50, 82.50) 0.001 67.00 (60.00, 87.50)  73.00 (63.00,77.00)  0.789 0028

Liver and renal function

TBIL (umol/L) 16344538 17.74+496 0.149 16.82+5.00 15.62+5.02 0334 0511
DBIL (umol/L) 4.80 (3.35, 6.05) 4.60(3.45, 5.60) 0.681 5.20 (4.95, 6.45) 5.00 (4.10, 6.90) 0386 0557
IBIL (umol/L) 11.00(9.15, 13.00) 9.80 (8.25,11.25) 0.097 9.90 (9.20, 12.35) 10.30 (7.60, 11.20) 0666 0566
ALT (U/L) 19.00 (15.00, 27.00) 18.00 (13.50,23.50) 0.092 23.00 (15.00,25.50)  21.00 (14.50,2800)  0.397 0.164
AST (U/L) 19.00 (16.50,22.50)  20.00 (17.00, 22.50) 0.749 19.00 (17.50, 25.50) 1800 (17.00,22.50)  0.180 0331
ALB (g/L) 43.73£1.91 43.76+2.28 0.347 43.53+2.88 44.54£3.74 0295 0123
Ser(umol/L) 7047£15.51 70.06+14.62 0.721 69.9+13.44 66.96+10.27 0.286 0.136
BUN(mmol/L) 5.15+1.10 539:1.14 0.199 4.66£1.03 487£1.19 0465 0702

The data are shown as the mean + SD for normal variables or median (IQR) for non-normal variables. Paired T-test or non-parametric two-tailed Wilcoxon paired sign rank test was used for
intra-group comparisons. P-value, comparison between Day 0 and Day 84 at the same group. Independent T-test and non-parametric K independent Wilcoxon signed-ranks was used for
comparisons of the changes between the two groups. P, comparison of the fold changes between the CP group and the G group.

CP group, cyclocarya paliurus leaves extracts group; G group, Glipizide group; SD, standard deviation; IQR, interquartile range; HbA Ic, hemoglobin Alc; FBG, fasting blood glucose; 2hPBG, 2-
hour post-meal blood glucose; FINS, fasting insulin; 2hPINS, 2-hour post-meal insulin; HOMA-IR, homeostasis model assessment for insulin resistance = (fasting blood glucosexfasting insulin/
22.5); 2hPCP, 2-hour post-meal C-Peptide; OGTT, oral glucose tolerance test; AUC, area under curve; TG, triglycerides; TC, total cholesterol; LDL-c, low-density lipoprotin cholesterol; HDL-c,
high-density lipoprotein cholesterol; BW, body weight; WC, waist circumference; WHR, waist to hip ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;
TBIL, total bilirubin; DBIL, direct bilirubin; IBIL, indirect bilirubin; ALB, albumin;ALT, alanine aminotransferase; AST, aspartate aminotransferase; Scr, serum creatinine; BUN, blood urea
nitrogen.





OPS/images/fendo.2023.1176256/fendo-14-1176256-g008.jpg
NC group N=10
mpicillin, neomycin sulfate
CSLBI;JGJ mice metronidazole, vancomycm

Aﬂtlblo[lcs treatment

AT group N=40 4 weeks pseudo-sterile

mice
fecal fungus . l
Day 0, 4 suspension \
~ Yavage 3 3 glucose
= r I metabolism

pseudo-Sterile mice

8 i
glucose

‘ gavage \/ l metabolism

pseudo-sterile mice

CPO08 and Goog D2y 84

suspension

o

FBG change (mmol/L)

C
30 _2%
I Day0 d
]
@ Day14 £
En £
-] ]
(] ]
3 8
> 2
g0 °
. 3
9
[}
0
CP-Pre  CP-Post G-Pre  G-Post
E

@
=3
=3

OGTT glucose AUC
(mmol/L/min)
o 3
8 8

-+ CP-Pre
-¥: CP-Post

-~ G-Pre
-8 G-Post

0 30 60 90 120min
P=0.016
1
P=0.001 P=0.866

PET






OPS/images/fendo.2023.1176256/fendo-14-1176256-g007.jpg
>

CDCA (ng/g dry feces)

TDCA (ng/g dry feces)

400000

300000

200000

100000

$=0.006

Day0ODay84 Day0Day84

CP group

p=0.004

Day0Day84 Day0Day84

CP group

=0.304

G group

p=0937

G group

12-KLCA (ng/g dry feces) @

m

GCDCA (ng/g dry feces)

40000

30000

20000

10000

50000

40000

30000

20000

10000

Day0Bay84 DayoDay84

CP group

Day0Day84 Day0Day84

CP group

G group

G group

(9]
o]

Correlation Heatmap.

B-MCA (ng/g dry feces)

DayODay84 Day0Day84
CP group G group

M

8000

p=0.805 p=0.191
6000

4000

2000

GDCA (ng/g dry feces)

Day0Day84 DayODay84
CP group G group

Akkermansia

Faeealbacterium






OPS/images/fendo.2023.1176256/fendo-14-1176256-g006.jpg
A

o 15 =0.006 =0.304
2 7 =
[x]

&

=]

S 10

>

[=]

Es

7]

<

[y

[S]

»w o

DayODay84 DayODay84
CP group G group
D
e =0.023 =0.209

E p=0.l p=0.

3
“= 1.0

2
=]

o /
[=2]

g 0.5

<

>

e
=)

Day0ODay84 Day0Day84
CP group G group

PA (mg/g dry feces)

DayODay84 Day0Day84
CP group G group

E

n
]
o
&
-
T
2
f=2]
£
<
=

Day0Day84 Day0Day84
CP group G group

()

BA (mg/g dry feces)

DayODay84 Day0Day84
CP group G group

F Correlation Heatmap






OPS/images/fendo.2023.1176256/fendo-14-1176256-g005.jpg
-
=3
=3

oo
E=3

P
S

40

20

Relative abundance(%)

Day0Day84 Day0Day84
CPgroup  Ggroup

Prevotella_9

Relative abundance(%)

DayODay84 DayODay84
CP group G group

Ruminococcaceae

50 _UCG-002

Relative abundance(%)

Day0Day84 Day0Day84
CP group G group

F=0.030 p=0.330
| —

40 p=0.654 peo.ort

—

@
O

Faecalibacterium Akkermansia

Faecalibacterium

25 p=0.010 pe0840. 40
W Others " 3 9 =0.010 p=0.530
] bfcﬁnuclostndlum s < = [ —
] egamonas g 20 S 20 /
= : :
ebsiella
p ° T
= Ruminococcaceae_UCG-002 - T £
I Phascolarctobacteriu 2 a2
1 Akkermansia © 10 ©
M Faecalbacterium 2 2
I Prevotella 9 £ s £ 10
I Bacteroides o ol
14 (4
0 0
DayODay84 DayODay84 DayODay84 Day0Day84
CP group G group CP group G group
E Bacteroides
80
S
T
Qo
c
]
g H Correlation Heatmap
2
©
3
2
s
8 Bacteroides
Q
o 0 Lachnoclostridium
Day0ODay84 DayODay84 i imausd
CP group G group Kiebsiella
Prevotella_9
G !
Phascolarctobacteriu [
E=o,azs p=0.437 Akkgrreansia
|

Megamonas

Phascolarctobacteriu

TG
2hPINS

Insulin release test AUC
BUN
2hPCP

C-Peptide release test AUC

Fasting C-Peptide

Relative abundance(%)

DayODay84 DayODay84
CP group G group

02
0

0.2

I -0.4
0.6





OPS/images/fendo.2023.1176256/fendo-14-1176256-g004.jpg
>
w
(9]

100 80 Verrucomicrobia 100 Firmicutes
9 B Others <y )
S s - =z =
g mm Fusobacteria 3T p=0.004 P=0433, T 80
§ mm Verrucomicrobia S s
2 : i ° T 60
3 50 B Actinobacteria - c
Q ¥l 2
: " Proteobacteria © S 40
[ Q
% B Bacteroidetes £ 2
= - © © 20
3 B Firmicutes © °
x [
0 0
DayoDays4 Day0Day84 Day0Day84 Day0Day84 DayODay84 Day0Day84
CPgroup  Ggroup CP group G group CP group G group

o
m
m

Bacteroidetes Proteobacteria

80 40 (B=0:399 p=0.857 Actinobacteria

= = = =0.455 p=0.583
g T T : :

g 6o e 30 8

< 5 £

3 40 -g 20 3

© 9 a

e 2 e

= 20 = 10 2

9 © s

[9]
K 13 K
0 0
Day0Day84 Day0Day84 Day0Day84 Day0Day84 Day0ODay84 Day0Day84

CP group G group CP group G group CP group G group





OPS/images/fendo.2022.1098325/fendo-13-1098325-g005.jpg
Mean Difference Mean Difference
) o o

LVHIT Control
Study or Subgroup Mean SD Total Mean  SD Total Weight
Afousi 2018 251 139 18 014 009 17 47.7%
Li 2022 04 016 13 -009 033 12 49.9%
Way 2020 138 62 12 49 244 11 03%
Winding 2017 267 195 13 -05 1167 7 21%
Total (95% CI) 56 47 100.0%

Heterogeneity: Tau? = 2.13; Chi? = 38.97, df = 3 (P < 0.00001); I* = 92%
Test for overall effect: Z = 1.38 (P = 0.17)

237 [3.01,-1.73)
-0.31[-0.52, -0.10]
-35.20 (-73.13, 2.73]
217 [15.85, 11.51]

-1.43 [-3.46, 0.60]

+ + + +
20 -10 0 10 20
Favours [experimental] ~Favours [control]

LVHIT Control Mean Difference Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95%ClI  IV.Random.95%Cl
Afousi 2018 251 139 18 014 009 17 752%  -2.37[-301,-1.73] [ ]

Li 2022 04 016 13 -009 033 12 00% -0.31[-052,-0.10]

Way 2020 138 62 12 49 244 11 36% -3520(73.43,273) |

Winding 2017 267 195 13 -05 1167 7 212% -217[-15.85,11.51]

Total (95% CI) 43 35 100.0%  -3.52[-10.95, 3.90] i

Heterogeneity: Tau? = 18.97; Chiz = 2.88, df = 2 (P = 0.24); = 31% a0 b S P =N

Test for overall effect: Z=0.93 (P =

.35)

Favours [experimental] Favours [control]





OPS/images/fendo.2022.1098325/fendo-13-1098325-g006.jpg
LVHIT Control Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl A Fiﬁ.ﬂ%&l
Afousi 2018 -0.2 0.28 18 0.09 0.2 17 93.7% -0.29[-0.45,-0.13]
Alvarez 2016 0.7 11 13 0 04 10  5.8% -0.70[-1.35,-0.05] -/
Li2022 -0.21 539 13 -0.18 49 12 01% -0.03[-4.06, 4.00]
Way 2020 03 55 12 04 6 1" 0.1% -0.10[-4.82,4.62]
Winding 2017 03 35 13 03 34 7 02% -0.60[-3.76, 2.56]
Total (95% Cl) 69 57 100.0% -0.31[-0.47, -0.16] L
Heterogeneity: Chi? = 1.51, df = 4 (P = 0.82); I = 0% o B 3 2
Test for overall effect: Z = 3.96 (P < 0.0001) Favours [experimental] Favours [control]
LVHIT Control Mean Difference Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV. Random. 95% Cl I\L:W.d.vm._&i%_cl
Afousi 2018 -063 0.79 18 026 0.56 17 89.2%  -0.89[-1.34,-0.44]
Alvarez 2016 -1.6  1.95 13 0 165 10 84%  -1.60[-3.07,-0.13]
Li 2022 -0.51 9.59 13 -039 95 12 03% 0.12[-7.61,7.37] *
Way 2020 1 15.62 12 15 56 " 0.2% -0.50 [-9.94, 8.94] +
Winding 2017 -03 35 13 03 34 7 1.8% -0.60 [-3.76, 2.56]
Total (95% Cl) 69 57 100.0%  -0.94 [-1.37, -0.51] &>
Heterogeneity: Tau? = 0.00; Chi? = 0.92, df = 4 (P = 0.92); I = 0% % 5 P £

Test for overall effect: Z = 4.32 (P < 0.0001)

Favours [experimental] Favours [control]





OPS/images/fendo.2022.1098325/fendo-13-1098325-g007.jpg
Mean Difference
1V, Random, 95% C1

Mean Difference
1

17 25.0%
10 255%
1 250%

7 244%

LVHIT Control
_Study or Subgroup  Mean  SD Total Mean SO Total Weight
Afousi 2018 05 072 18 008 092
Avarez 2016 0104 0104 13 013 0.155
Way 2020 02 089 12 41 03
Winding 2017 02 11 13 02 07
Total (95% CI) 56

Heterogeneity: Tau
Test for overall effect: Z = 1.31 (P = 0.19)

50; Chit = 214.52, of = 3 (P < 0.00001); |

LVHIT
Afousi 2018 067 073
Awarez 2016 0,052 0119
Way 2020 02 066
Winding 2017 011
Total (95% CI)

18 -0.02 105
13 0078 0.13
12 0 08
13 02 07

56

45 100.0%
99%

17 59%
10 84.4%
1m59%

7 38%

45 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 3.22, df = 3 (P = 0.36), P = 7%

Test for overall effect: Z = 2.05 (P = 0.04)

0.42(:0.97,0.13]
023[0.35,-0.12)
-430(4.83,-377)
0.00(-0.79,0.79]

1.24(:3.09,061)

Mean Difference

065
-0.13(0.23,-003)
-0.20 (0,80, 0.40)

0.10(-065, 0.85]

0.16-0.31, -0.01)

- -
4 2 0 2 4

Favours [experimental] Favours [control]

Mean Difference

+ + +
A4 05 0 05
Favours [experimental] Favours [control)

-
1

LVHIT Control Mean Difference Mean Difference
_Study or Subgroup _Mean S Total Mean _SD Total Weight IV, Random, 95% Cl 1V, Random, 95% C1
Afousi 2018 023 024 18 -005 023 17 267%  028(0.12,044] —
Anvarez 2016 0259 0044 13 -0026 0052 10 428%  029(024,033 =
Way 2020 0 02 12 0 03 11 200%  000(021,021] —t—
Winding 2017 0 04 13 01 036 7 104%  010(024,044] —
Total (95% CI) 56 45 1000%  021(0.08,033] >
Heterogeneity: Tau? = 0.01; Chi* = 7.79, df = 3 (P = 0.05); I = 62% f1 0‘5 S 0’5

Test for overall effect: Z = 3.21 (P = 0.001)

Favours [experimental] Favours [control]

LVHIT Control Mean Difference Mean Difference
_StudyorSubgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI 1v. Random, 95% C1.
Alousi 2018 05 072 18 008 092 17 39%  -042(-097,0.3 B
Awarez 2016 ‘0104 0104 13 043 0455 10 943% -023(035-0.12) |
Way 2020 02 089 12 41 03 11 00% -430(4.83,377)
Winding 2017 02 14 13 02 07 7 19%  000[079,079
Total (95% CI) 4 34 100.0%  -024[-0.35,-0.43] >
Heterogeneity: Tau? = 0.00; Chi? = 0.7, df = 2 (P = 0.68); 1= 0% g -a's o 0‘5 :
4.29 (P <0.0001) Favours [experimental]  Favours [control]
LVHIT Control Mean Difference Mean Difference
—Study or Subgroup  Mean SO Total Mean  SD Total Weight IV, Random,95%Cl 1V, Random. 95% CI.
Afousi 2018 029 034 18 -004 036 17 90% -0.25(048,-0.02) =1
Avarez 2016 026 0068 13 0102 0102 10 90.8%  -0.36(-044,-029) ]
Way 2020 01 062 12 2 11 1" 0.0% 3.30(-3.27,9.87) 2.
Winding 2017 051 14 13 06 18 7 02%  -1.11(:265,043) =
Total (95% Cl) 56 45 100.0%  -0.35[-0.42, -0.28] +
Heterogeneity: Tau? = 0.00; Chit = 2.94, df = 3 (P = 0.40); I = 0% '2 “ o H ;
Test for overalleffect: Z = 9.92 (P < 0.00001) Favours {experimental] Favours fcontrol
LVHIT Control Mean Difference Mean Difference
_Study orSuboroup  Mean  SD Total Mean  SD Total Weight IV, Random 95%CI
Afousi 2018 023 024 18 -005 023 17 62%  028(0.12,044] —
Avarez 2016 0259 0044 13 -0026 0052 10 926%  029(024,033 : 3
Way 2020 0 02 12 0 03 11 00%  000[-021,021]
‘Winding 2017 0 04 13 01 036 7 13% 0.10 [-0.24, 0.44)
Total (95% CI) a4 34 100.0% 0.28[0.24,0.32) L 4
Heterogeneity: Tau® = 0.00; Chi* = 110, df = 2 (P = 0.58); I = 0% 9201 § o1 62

Test for overall effect:

14.33 (P <0.00001)

Favours [experimental] Favours [control]





OPS/images/fendo.2022.1098325/fendo-13-1098325-g001.jpg
Records identified through database
searching:(n=18085)
PubMed(n=64)
EBSCO(n=2141)

Web of Science(n=15863)
Embase(n=5)

Central Cochrane(n=12)

Identification

Records after duplicates removed
(n=15337)

Screening

Records excluded, due to

Records screened irrelevant abstracts and titles

(n=5337) (n 25326)

] Records excluded, due to
Articles assessed for -Not RCT (n=3)

eligibility -Insufficient data (n = 2)
(n=11) -Improper methodology (n = 1)

Eligibility

Studies included in
qualitative synthesis
(n=35)

Studies included in
quantitative synthesis
(meta-analysis)
(n=35)






OPS/images/fendo.2022.1098325/fendo-13-1098325-g002.jpg
LVHIT Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV.Random.95% Cl ¥/
Afousi 2018 -2.21 0.93 18 -0.36 0.38 17 394%  -1.85[-2.32,-1.38]
Li 2022 -0.87 0.44 13 -005 06 12 405%  -0.82[-1.24,-0.40]
Way 2020 -0.2 24 12 -02 4 1" 7.4% 0.00 [-2.73, 2.73]
Winding 2017 -0.7 17 13 05 23 7 126% -1.20 [-3.14, 0.74]
Total (95% Cl) 56 47 100.0%  -1.21[-2.02, -0.40]

Heterogeneity: Tau? = 0.38; Chi? = 11.29, df = 3 (P = 0.01); 2= 73%

+
Test for overall effect: Z = 2.93 (P = 0.003) -2 -1 0 1 2

Favours [experimental] - Favours [control]

LVHIT Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random. 95% Cl IV, R: % Cl
Afousi 2018 221 093 18 -0.36 038 17 0.0% -1.85[-2.32,-1.38]
Li2022 087 044 13 005 06 12 935%  -0.82[-1.24,-0.40] 5
Way 2020 02 24 12 02 4 11 22%  000[273,273
Winding 2017 07 17 13 05 23 7 43%  -120[3.14,074]
Total (95% CI) 38 30 100.0%  -0.82[-1.22,-0.42] >

Heterogeneity: Tau? = 0.00; Chi? = 0.50, df = 2 (P = 0.78); I = 0%

Test for overall effect: Z = 3.99 (P < 0.0001) 2 .ot 0 1 2

Favours [experimental] Favours [control]





OPS/images/fendo.2022.1098325/fendo-13-1098325-g003.jpg
LVRHIT Control Mean Difference Mean Difference

Li 2022 -0.87 0.44 13 -0.05 0.6 12 58.9% -0.82 [-1.24, -0.40]
Way 2020 -0.3 13 12 04 0.5 11 23.2% -0.70 [-1.49, 0.09]
Winding 2017 -0.1 0.8 13 -0.1 1.1 7 17.9% 0.00 [-0.92, 0.92]
Total (95% Cl) 38 30 100.0%  -0.65[-1.06, -0.23]

Heterogeneity: Tau? = 0.03; Chi#=2.52, df =2 (P = 0.28); I? = 21%
Test for overall effect: Z = 3.03 (P = 0.002)

-2 -1 0 1 2
Favours [experimental] Favours [control]





OPS/images/fendo.2022.1098325/fendo-13-1098325-g004.jpg
LVHIT Control
Study or Subgrou Mean SD Total Mean SD Total Weight
Afousi 2018 -1.82 1.19 18 0.06 1.65 17 58.5%
Winding 2017 -0.59 1.97 13 0 1.25 7 41.5%
31 24 100.0%

Total (95% Cl)
Heterogeneity: Tau? = 0.45; Chi?=2.19,df =1 (P = 0.14); 1> = 54%
Test for overall effect: Z=2.12 (P = 0.03)

Mean Difference

-1.88 [-2.84, -0.92]
-0.59 [-2.01, 0.83]

-1.34 [-2.59, -0.10]

Mean Difference

-4 -2
Favours [experimental]

0

2
Favours [control]





OPS/images/fpubh-11-1152284/fpubh-11-1152284-t003.jpg
Overview questions

Present QoL
Diabetes-
dependent

QoL score

0.88+0.86

~154£073

19 domain-specific items

Leisure

activities
Workinglife
Journeys
Holidays

Physical
health

Family life

Close
personal
relationship
Sex life
Physical
appearance
Self-
confidence
Motivation
People’s
reaction
Feeling about
future
Financial
situation
Living
conditions
Dependence
on others
Freedom to
et
Freedom to
drink

AWI

~154% 143

—152% 142

—L60 % 152

~166+ 158

-238+181

~3.14£217

~131 176

2394198

1504172

1914195

1754213

—174£183

~0.89+ 134

3484240

085+ 136

~0.66+ 1.03

1484187

446+ 268

4324298

205+ 108

079075

~187£071

~181£173

~168+ 139

~189+ 188

~2.07+ 164

2455173

~3.96+2.56

~138 176

—2.66+ 155

—169% 142

~180+ 1.67

—121£153

112

~062 103

~3.60£225

—074£121

~050+0.94

~126+1.36

—489£267

—4.55+2.90

.10+ 0.90

0924091

~1.68£0.69

~215+205

~196+225

~1.80+2.03

~244+230

—229%211

~338+230

~13741.96

3534264

2614238

~200£2.04

1464198

1445145

~0.73+1.03

3024234

—061+1

056+ 153

1774164

5054297

4984320

2234127

0727

0.053

0203

0.623
0.669

0.1351

0928

0.192

0.974

0.043*

0042

0.890

0.337

0.157

0.462

0.485

0.688

0.763

0374

0518

0556

0716

Value s displayed as mean & standard deviation. ADDQoL, Audit of Diabetes-Dependent
Quality of Life; OAD, oral antidiabetic drug; QoL quality of life; AWI, Average weighted

impact score; *p <0.05





OPS/images/fpubh-10-1051445/fpubh-10-1051445-t003.jpg
Factor

Household registration
Urban area

Rural area
Age(years)

60-64

65-69

70-74

75-79

80-84

>85

Gender

Female

Male

Education level
Uneducated
Primary education
Junior high school
High school

Junior College
Bachelor degree or above
Smoking

No

Yes

Alcohol consumption
Never or occasionally
1-2 times a week
Atleast 3 times a week
Often drunk

Sleep quality

Very good

Relatively good
Average

Relatively poor

Very poor
Exercise(per week)
Never exercise

Less than once

Once or twice

Three to five times
Six times and above
Medical insurance
No

Yes

Gainful employment
No

Yes

Poverty

No

Yes

Economic status
Very generous
Relatively ample
Basically enough
Tougher

Very difficult

Public benefit activities
No

Yes

Spiritual cultural life
No

Yes

Malignant tumor
No

Yes
Cataract/glaucoma
No

Yes

Hypertension

No

Yes

Cardiac-cerebral vascular disease
No

Yes

Osteoarthrosis

No

Yes

COPD

Yes

OR(95%CI)

3
0.48(0.47-0.50)

1
122 (1.17-127)
1.28(1.22-1.33)
1.23(1.17-1.29)
1.17(1.10-1.24)
0.89(0.82-0.96)

1
0.76(0.73-0.78)

1
105 (1.01-1.09)
147(1.41-1.54)
1.74(1.64-1.84)
2.29(2.10-2.50)
242(2.16-2.72)

1
0.87(0.82-0.92)

1
0.72(0.55-0.95)
0.65(0.54-0.78)
0.38(0.20-0.71)

|}
0.99(0.85-1.16)
1.08(0.95-1.23)
1.22(1.03-1.44)
1.79(1.41-2.28)

1
1.29(1.20-1.39)
1.29(1.23-1.36)
1.49(1.43-1.57)
182 (1.75-1.88)

1
0.61(0.50-0.74)

1
0.56(0.53-0.60)

1
0.62(0.59-0.65)

1
0.90(0.79-1.03)
0.85(0.75-0.96)
080 (0.70-0.91)
0.94(0.82-1.09)

4
0.83(0.81-0.86)

1
137 (1.29-1.46)

1
1.32(1.17-1,50)

1
1.73(1.67-1.79)

1
3.10(3.01-3.20)

i
1.00(0.97-1.03)

1
1.00(0.96-1.02)

/|
1.04(0.99-1.09)

Univariate

P-value

<0.001

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001
0.004
<0.001

<0.001
<0.001

0.017
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

0.02
<0.001
0.003
<0.001
0.906
0.244
0.019
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

<0.001

<0.001

<0.001

0.111
0.010
0.001
0.422

<0.001

<0.001

<0.001

<0.001

<0.001

0.945

0.515

0.164

Multivariate

OR(95%CI)

0.62(0.60-0.65)
1

0.97(0.96-0.98)
1

0.78(0.75-0.80)
1

1.14 (1.12-1.16)
1

0.93(0.88-0.99)
1

0.90(0.83-0.98)
1

1.06(1.02-1.11)
1

107 (1.06-1.09)
1

0.69 (0.57-0.85)
1

0.69(0.65-0.74)
1

0.77(0.73-0.81)
1

1.10 (1.07-1.12)
1

0.85 (0.82-0.88)
!

110 (1.03-1.8)
1

1.16(1.02-1.32)
i§

1.52(1.46-1.58)
1

2.86(2.77-2.95)
1

P-value

<0.001

<0.001

<0.001

<0.001

0.025

0.014

0.010

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.005

0.025

<0.001

<0.001





OPS/images/fpubh-11-1152284/fpubh-11-1152284-t004.jpg
30ADs >30ADs pvalue

(n =47) (n =41)

QUi Ability to

controlblood | 4444056 409£075 | 393+093 0.001
sugar
Q2: Effect of

3984067 | 391£050 | 373£0.67 0127
weight

443£050 425£049 4.10£0.58 0.006
the side effect
Qi
Convenience 4.11£059 3.96 £ 0.66 334085 <0.0001
of drug taking
Q5: Overall

4458053 4212046 390£062 <0001

satisfaction

Total

C-SOADAS 21424198 2043209 19.00+224 <0.0001
score

Value is displayed as mean £ standard deviation. C-SOADAS, Chinese version of the
Satisfaction with Oral Antidiabetic drugs; OADs, oral antidiabetic drugs; Q. question,






OPS/images/fpubh-10-1051445/fpubh-10-1051445-t004.jpg
Factors Gender Age Urban and Rural area

Female Male 60-69 70-79 >80 Urban area Rural area
Gender
Female 5,947(9.6%) 3,626(10.8%) 1,391(8.2%) 7,160(12%) 3,804(7.2%)
Male 4271(7.1%) 2,463(8.1%) 1,024(8.2%) 5,570(10.7%) 2,188(4.3%)
P-value <0.001 <0.001 0.943 <0.001 <0.001
Age(years)
60-64 3,187(8.8%) 2,307(6.6%) 3,502(9.7%) 1,992(5.7%)
65-69 2,760(10.7%) 1,964(7.9%) 3,148(12.2%) 1,576(6.3%)
70-74 2,016(10.9%) 1,444(8.4%) 2,392(12.9%) 1,068(6.2%)
75-79 1,610(10.8%) 1,019(7.7%) 1,878(12.6%) 751(5.7%)
80-84 965(9.4%) 678(8.4%) 1,237(11.9%) 406(5.0%)
>85 426(6.4%) 346(7.9%) 573(9.4%) 199(4.0%)
P-value <0.001 <0.001 <0.001 <0.001
Household registration
Urban area 7,160(12.0%) 5,570(10.7%) 6,650(10.7%) 4,270(12.8%) 1,810(11.0%)
Rural area 3,804(7.2%) 2,188(4.3%) 3,568(6.0%) 1,819(6.0%) 605(4.6%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001
Education level
Uneducated 3,987(8.3%) 676(4.6%) 1,971(7.6%) 1,655(7.8%) 1,037(6.5%) 2,350(9.6%) 2,313(6%)
Primary education 4,120(9.8%) 2,753(5.8%) 3,992(7.3%) 2,183(8.5%) 698(7.9%) 4,185(10.2%) 2,688(5.6%)
Junior high school 1,828(12.7%) 2,435(9.3%) 2,732(9.6%) 1,208(12.2%) 323(14.1%) 3,450(12.9%) 813(5.9%)
High school 749(13.5%) 1,088(11.4%) 999(10.8%) 651(14.6%) 187(13.9%) 1,686(13.3%) 151(6.3%)
Junior College 174(14.1%) 486(18%) 360(14.5%) 207(16.3%) 93(18.1%) 651(15.6%) 9(10.7%)
Bachelor degree or above 81(12.9%) 295(17.4%) 137(16.1%) 168(16.5%) 71(15.8%) 375(16.2%) 1(12.5%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.036
Marital status
Married 7,200(10.0%) 6,640(7.9%) 8,717(8.5%) 4,089(9.8%) 1,034(9.2%) 9,485(11.5%) 4,355(5.9%)
Widowed 3,675(9.3%) 928(6.3%) 1,295(8.4%) 1,936(9.3%) 1,372(7.7%) 3,067(11.3%) 1,536(5.7%)
Divorce 83(11.8%) 82(7.5%) 128(9.2%) 34(10.7%) 3(3.4%) 135(10.4%) 30(6%)
Never married 6(3.4%) 108(3.7%) 78(4%) 30(3.1%) 6(2.8%) 43(4.5%) 71(3.2%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Live alone
No 9,297(9.8%) 7,066(7.8%) 9,394(8.5%) 5,051(9.6%) 1,918(8.6%) 11,241(11.5%) 5,122(5.8%)
Yes 1,667(9.6%) 692(6%) 824(7.8%) 1,038(9.2%) 497(7%) 1,489(10.8%) 870(5.8%)
P-value 0.482 <0.001 0.019 0213 <0.001 0.021 0.741
Smoking
No 1,056(9.9%) 367(9.5%) 762(9.5%) 457(10.9%) 204(8.8%) 978(12.4%) 445(6.7%)
Yes 9,908(9.7%) 7,391(7.5%) 9,456(8.3%) 5,632(9.4%) 2,211(8.1%) 11,752(11.3%) 5,547(5.8%)
P-value 0.649 <0.001 <0.001 0.001 0239 0.002 0.002
Alcohol consumption
Never or occasionally 10,946(9.8%) 7,596(7.6%) 10,104(8.4%) 6,039(9.6%) 2,399(8.2%) 12,615(11.4%) 5,927(5.8%)
1-2 times a week 10(8.1%) 45(6.2%) 40(6.9%) 12(5.8%) 3(4.6%) 36(8.9%) 19(4.3%)
At least 3 times a week 8(4.3%) 107(6%) 67(5.3%) 36(7%) 12(6.2%) 73(7.9%) 42(4%)
Often drunk 0(0%) 10(3.8%) 7(3.6%) 2(3.2%) 1(3.1%) 6(4.9%) 4(2.4%)
P-value 0.03 0.003 <0.001 0.016 0355 <0.001 0.009
Sleep quality
Very good 108(8.7%) 147(7.7%) 141(7.6%) 80(9.1%) 34(8.1%) 179(9.8%) 76(5.8%)
Relatively good 276(9.2%) 249(7.0%) 300(7.8%) 157(8.9%) 68(7.3%) 396(11%) 129(4.4%)
Average 10,230(9.7%) 7,217(7.6%) 9,516(8.4%) 5,682(9.5%) 2,249(8.2%) 11,851(11.4%) 5,596(5.8%)
Relatively poor 270(10.6%) 118(8.1%) 205(9.8%) 134(10.7%) 49(7.7%) 245(13.6%) 143(6.5%)
Very poor 80(14.5%) 27(11.5%) 56(13.5%) 36(14.5%) 15(12.5%) 59(15.3%) 48(12%)
P-value 0.001 0.111 <0.001 0.038 0392 0.001 <0.001
Exercise
Never exercise 4,774(8.3%) 2,520(5.3%) 3,641(6.5%) 2,370(7.6%) 1,283(7.3%) 3,760(9.6%) 3,534(5.4%)
Less than once 533(10.3%) 297(7.0%) 397(7.9%) 293(10.3%) 140(8.8%) 615(11.7%) 215(5.1%)
Once or twice 1,437(9.9%) 988(7.6%) 1,362(8.3%) 788(9.9%) 275(8.6%) 1,711(10.9%) 714(6%)
3-5five times 1,490(11.1%) 1,147(8.9%) 1,597(9.9%) 801(10.5%) 239(9.5%) 1,985(11.7%) 652(6.9%)
Six times and above 2,730(12.6%) 2,806(11.3%) 3,221(11.6%) 1,837(13%) 478(10.5%) 4,659(13.4%) 877(7.6%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Medical insurance
No 10,886(9.8%) 7,728(7.6%) 10,155(8.4%) 6,057(9.6%) 2,402(8.2%) 12,654(11.4%) 5,960(5.8%)
Yes 78(7.29%) 30(3.4%) 63(5.9%) 32(6.1%) 13(3.6%) 76(7.6%) 32(3.3%)
P-value 0.004 <0.001 0.003 0.008 0.002 <0.001 0.001
Gainful employment
No 10,556(10.0%) 7,026(8%) 9,250(9%) 5,936(9.7%) 2,396(8.2%) 11,998(11.9%) 5,584(6%)
Yes 408(6.4%) 732(4.8%) 968(5.2%) 153(5.5%) 19(7.1%) 732(6.8%) 408(3.8%)
P-value <0.001 <0.001 <0.001 <0.001 0512 <0.001 <0.001
Poverty
No 9,801(10.2%) 7,212(8.0%) 9,400(8.6%) 5,423(10.3%) 2,190(9.1%) 12,186(11.7%) 4,827(5.9%)
Yes 1,163(7.2%) 546(4.2%) 818(6.5%) 666(6.0%) 225(4.2%) 544(6.8%) 1,165(5.5%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.039
Economic status
Very generous 132(10.4%) 144(9.8%) 147(9.5%) 84(10.6%) 45(11%) 229(12.1%) 47(5.6%)
Relatively ample 1,467(9.5%) 1,439(8.9%) 1,516(8.1%) 957(11%) 433(10.3%) 2,313(11.2%) 593(5.3%)
Basically enough 6,422(9.7%) 4,571(7.6%) 6,054(8.3%) 3,554(9.6%) 1,385(8.2%) 7,899(11.5%) 3,094(5.4%)
Tougher 2,416(9.9%) 1,290(6.2%) 2,040(8.5%) 1,212(8.3%) 454(6.9%) 1,883(10.9%) 1,823(6.5%)
Very difficult 527(11.2%) 314(7.7%) 461(10.4%) 282(9.6%) 98(6.8%) 406(12.5%) 435(7.9%)
P-value 0.006 <0.001 <0.001 <0.001 <0.001 0.056 <0.001
Public benefit activities
No 6,643(10.3%) 4,348(8.3%) 5,333(9%) 3,786(10.4%) 1,872(8.7%) 7,709(12.1%) 3,282(6.1%)
Yes 4,321(9%) 3,410(6.8%) 4,885(7.8%) 2,303(8.4%) 543(6.9%) 5,021(10.4%) 2,710(5.5%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Spiritual cultural life
No 773(7.1%) 346(5.7%) 392(6.7%) 408(7.3%) 319(5.9%) 543(9.3%) 576(5.2%)
Yes 10,191(10.0%) 7,412(7.7%) 9,826(8.5%) 5,681(9.7%) 2,096(8.7%) 12,187(11.5%) 5,416(5.9%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.004
Malignant tumor
No 10,804(9.7%) 7,643(7.5%) 10,080(8.4%) 5,997(9.5%) 2,370(8.1%) 12,507(11.3%) 5,940(5.8%)
Yes 160(12.8%) 115(9.5%) 138(9.7%) 92(12.1%) 45(16.1%) 223(14.3%) 52(5.7%)
P-value <0.001 0.011 0.08 0.014 <0.001 <0.001 0913
Cataract/glaucoma
No 8,066(8.9%) 6,217(6.9%) 8,409(7.8%) 4,346(8.5%) 1,528(7.1%) 9,492(10.3%) 4,791(5.4%)
Yes 2,898(13.5%) 1,541(11.9%) 1,809(13.3%) 1,743(13.6%) 887(11.29%) 3,238(16.4%) 1,201(8.2%)
P-value <0.001 <0.001 0.03 <0.001 <0.001 <0.001 <0.001
Hypertension
No 3,929(5.8%) 3,186(4.7%) 4,278(5.3%) 2,132(5.7%) 705(4%) 4,779(7.1%) 2,336(3.4%)
Yes 7,035(15.8%) 4,572(13.1%) 5,940(14.6%) 3,957(14.9%) 1,710(14.2%) 7,951(17.8%) 3,656(10.6%)
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cardiac-cerebral vascular
disease
No 7,944(9.8%) 5,914(7.6%) 7,519(8.3%) 4,501(9.5%) 1,838(8.5%) 9,539(11.3%) 4,319(5.8%)
Yes 3,020(9.7%) 1,844(7.4%) 2,699(8.6%) 1,588(9.6%) 577(7.4%) 3,191(11.4%) 1,673(6%)
P-value 0943 0275 0.191 0.875 0.002 0.640 0.196
Osteoarthrosis
No 5,567(9.8%) 5,022(7.8%) 5,929(8.4%) 3,376(9.7%) 1,284(7.9%) 7,602(11.3%) 2,987(5.6%)
Yes 5,397(9.8%) 2,736(7.1%) 4,289(8.3%) 2,713(9.3%) 1,131(8.5%) 5,128(11.5%) 3,005(6.1%)
P-value 0971 <0.001 0.504 0.073 0.069 0.203 <0.001
COPD
No 9,900(9.7%) 6,856(7.6%) 9,297(8.4%) 5,390(9.6%) 2,069(8.1%) 11,522(11.3%) 5,234(5.7%)
Yes 1,064(10.8%) 902(7.5%) 921(8.9%) 699(9.1%) 346(9%) 1208(12.1%) 758(6.4%)

P-value <0.001 0728 0.068 0.136 0.057 0.024 0.007





OPS/images/fendo.2023.1148417/crossmark.jpg
©

2

i

|





OPS/images/fendo.2022.1098325/crossmark.jpg
©

2

i

|





OPS/images/fpubh-11-1152284/crossmark.jpg
(®) Check for updates






OPS/images/fpubh-11-1152284/fpubh-11-1152284-g001.jpg
Outpatient with the following eriteria (1=156)
- Adults with T2DM (ICD-10: E11)
- Metformin-based treatment for

months

ionnaires (n=1) Ii

Exclusion criteria
- Patients who used

- Patients with active mal

isulin/GLP-1 agonist (n=0)

nt neoplasm
need to chemotherapy/ radiotherapy (n=2)

rolled population (n=153)

[

]

Two number of OAD classes
(n=65)

Three number of OAD classes

(n=47)

More than three number of OAD






OPS/images/fpubh-11-1152284/fpubh-11-1152284-t001.jpg
Variable tal (n =153) 2 OADs (n =65) 3 OADs (n =47) >3 OADs (n p value
DM duration 9.22(5.70) 7.32(4.86) 1017 (6.43) 1107 (5.29) 0.002
Age(years) 60.39 (10.14) 61.32(9.46) 5872 (11.41) 60.84(952) 0.388
Gender 0035
Female 65 (42.48) 35(53.85) 18 (38.30) 12(29.27)
Male 88(57.52) 30 (46.15) 29(67.70) 29(70.73)
DM family history 0870
No 42(27.45) 18.(27.69) 14(29.79) 10(24.39)
Yes 99(64.71) 43(66.15) 28(59.57) 28(68.29)
Unknown 12(7.84) 4(6.15) 5(10.64) 3(7.32)
Smoke 0036
Current 15 (9.80) 2(3.08) 4(851) 9(21.95)
Past 13(850) 5(7.69) 5(10.64) 3(7.32)
Never 125 (81.70) 58 (89.23) 38 (80.85) 29(70.73)
Alcohol 0132
Yes 29(18.95) 9(13.85) 8(17.02) 12(2927)
Never 124 (81.05) 56 (86.15) 39(82.98) 29(70.73)
Self-monitoring blood
i 7 (43.79) 32(49.23) 17(36.17) 18 (43.90) 0.389
Body mass index 0021
Underweight 20131 2(3.07) - -
Normal 34(22.22) 18.(27.69) 14(2979) 2(4.88)
Overweight 47 (30.72) 21(3281) 10(21.28) 16(39.02)
Obese 70 (45.75) 24(36.92) 23 (48.94) 23(56.10)
Fixed-dose combination
o) <0.0001
Yes 109.(71.24) 25(38.46) 45(95.74) 39(95.12)
No 44(2876) 40 (61.54) 2(4.26) 2(4.88)
DM related
Hypertension 79 (51.63) 27(41.54) 24(51.06) 28(68.29) 0027
Dyslipidemia 137 (89.54) 57(87.69) 41(87.23) 39(95.12) 0393
Cerebra/cardiovascular 10(654)
e 4(6.15) 2(4.26) 4(9.76) 0619
Peripheral vascular disease 2031 10154 0(0.00) 1(244) 0737
Neuropathy 14(9.15) 3(4.62) 6(12.77) 5(12.20) 0218
Retinopathy 2(131) 0(0.00) 2(4.26) 0(0.00) 0.164
Nephropathy 60(39.22) 20(30.77) 19.(40.43) 21(51.22) 0.108
Plasma glucose (mg/dL) 163.16 (50.62) 124,31 (48.06) 159.62 (46.68) 181.27 (55.31) 0023
HbAILc (%) 735 (0.99) 7.11(095) 7.26 (099) 7.79.(093) 0.004
<% 54(35.29) 26 (40.00) 21 (44.68) 7(17.07) 0012
27% 99(64.71) 39(60.00) 26(55.32) 34(82.93)
UACR (mg/g) 0,093
<30 109(71.71) 52(81.25) 34(72.34) 23(56.10)
30-300 31(2039) 9(14.06) 9(19.15) 136171
>300 12(7.89) 3(4.69) 4(851) 5(12.20)

Values are displayed as 1 (%), mean + standard deviation. DM, diabetes mellitus; HbA ¢, glycated hemoglobin Alc; OADs, oral antidiabetic drugs.
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Present QoL 0.86:+084
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19 domain-specific items
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Sex life ~1854189
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Peoples reaction ~076+1.17
Feeling about future ~3494233
Financial situation ~075+136
Living conditions ~059+116
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Freedom to eat ~4754275
Freedom to drink ~457+3.00
Average weighted impact score ~211%108
C-SOADAS
QI: Ability to control blood sugar 14204076
Q2: Effect of weight 3904063
Q3: Tolerability of the side effect 4294053
Qu: Convenience of drug taking 3864076
Q3: Overall satisfaction 4232058
Total C-SOADAS score 2046+ 2.29

Value i displayed as mean £ standard deviation. ADDQoL, Audit of Diabetes-Dependent
Quality of Life; C-SOADAS, Chinese version of the Satisfaction with Oral Antidiabetic
drugs; QoL quality of life; AWI, Average weighted impact score.
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Number 8 ‘ 9 13 NA
Gender (boys: girls) 3:5 54 8:5 045
Age' 145 £ 191 149 £ 1.54 1464 £ 1.73 097
Puberty" 34151 37+132 354171 099
TID duration” 5.8+ 283 72 +505 NA NA
HbA, %" 7.6+ 0.59 9.5+ 1.03 NA NA
HbA, (mmol/mol) 70.6 NA NA
SEP cluster 6.80 + 211 646 + 1.81 0.66
SEP index 072 +0.92 059 +0.75 0.70
Height SDS ~0.16 + 0.89 ~0.40 + 1.38 0.56
BMI SDS 0.10 + 0.67 -0.19 +0.77 027

"Mean + standard deviation.

"HbA,, calculated from the last three visits during the past year at session 1.

The SEP (socioeconomic position) based on home address was analyzed according to the Israel Central Bureau of Statistics Characterization and Classification of Statistical Areas within
Municipalities and Local Councils by Socio-Economic Level of the Population, 2015. The SEP index classifies neighborhoods and localities into clusters, with 1 being the lowest rating and 10
being the highest. It is an adjusted calculation of 14 variables that measure social and economic level in four domains—demographics, education, standard of living, and employment.

NA, not applicable.
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*Province Participants Diabetes

(proportion)
No Yes
(proportion) (proportion)

Total 215,041(100%)  196,319(91.3%) 18,722(8.7%)
Beijing 3,359 (1.6%) 2,660(79.2%) 699(20.8%)
Tianjin 1,920 (0.9%) 1,589(82.8%) 331(17.2%)
Shanghai 4,296 (2.0%) 3,607(84.0%) 689(16.0%)
Sinkiang 2,378 (1.1%) 2,068(87.0%) 310(13.0%)
Qinghai 957 (0.4%) 838(87.6%) 119(12.4)
Inner Mongolia 3,343 (1.6%) 2,930(87.6%) 413(12.4%)
Fujian 5,247 (2.4%) 4,667(88.9%) 580(11.1%)
Zhejiang 9,595 (4.5%) 8,574(89.4%) 1,021(10.6%)
Liaoning 8,573 (4.0%) 7,711(89.9%) 862(10.1%)
Shaanxi 5,754 (2.7%) 5,195(90.3%) 559(9.7%)
Hebei 10,701 (5.0%) 9,683(90.5%) 1,018(9.5%)
Jiangsu 15,629 (7.3%) 14,150(90.5%) 1,479(9.5%)
Jilin 4,222 (2.0%) 3,825(90.6%) 397(9.4%)
Shandong 17,718 (8.2%) 16,134(91.1%) 1,584(8.9%)
Sichuan 16,150 (7.5%) 14,713(91.1%) 1437(8.9%)
Shanxi 5,250 (2.4%) 4,786(91.2%) 464(8.8%)
Chongqing 6,225 (2.9%) 5,684(91.3%) 541(8.7%)
Anhui 11,240 (5.2%) 10,307(91.7%) 933(8.3%)
Heilongjiang 5,610 (2.6%) 5,147(91.7%) 463(8.3%)
Ningxia 956 (0.4%) 878(91.8%) 78(8.2%)
Hubei 3,551 (1.7%) 3,272(92.1%) 279(7.9%)
Hunan 11,911 (5.5%) 10,982(92.2%) 929(7.8%)
Henan 14,682 (6.8%) 13,553(92.3%) 1,129(7.7%)
Guangdong 13,350 (6.2%) 12,504(93.7%) 846(6.3%)
Jiangxi 6,214 (2.9%) 5,837(93.9%) 377(6.1%)
Gansu 3,344 (1.6%) 3,145(94.0%) 199(6.0%)
Guizhou 5,705 (2.7%) 5,407(94.8%) 298(5.2%)
Yunnan 6,670 (3.1%) 6,322(94.8%) 348(5.2%)
Hainan 1,432 (0.7%) 1,376(96.1%) 56(3.9%)
Guangxi 8,134 (3.8%) 7,858(96.6%) 276(3.4%)
Tibet 925 (0.4%) 917(99.1%) 8(0.9%)

“Hong Kong, Macao and Taiwan were not included in this survey.
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Constant 23.016 2.702 8.521 <0.001
F1 emotional stability factor 0.554 0.073 0.333 7.582 <0.001
F3 integrity factor 0.859 0.101 | 0331 | 8507 | <0.001
F5 extraversion factor 0.491 0.080 | 0247 | 6.161 | <0.001
Healthy subjects 4.244 0.894 | 0.153 | 4.746 | <0.001

B, Unstandardized Regression Coefficients; Std. error, standard error; B, Standardized

Regression Coefficients; p, p-value.
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Factor

Houschold registration
Urban area

Rural area
Age(years)

60-64

65-69

70-74

75-79

80-84

>85

Gender

Female

Male

Education level
Uneducated
Primary education
Junior high school
High school
Junior College
Bachelor degree or above
Marital status
Married

Widowed

Divorce

Never married

Live alone

Alcohol consumption
Never or occasionally
1-2 times a week
Atleast 3 times a week
Often drunk

Sleep quality

Very good

Relatively good
Average

Relatively poor

Very poor

Exercise (per week)
Never exercise

Less than once

Once or twice

Three to five times
Six times and above
Medical insurance
No

Yes

Gainful employment
No

Yes

Poverty

No

Yes

Economic status
Very generous
Relatively ample
Basically enough
Tougher

Very difficult

Public benefit activities
No

Yes

Spiritual cultural life
No

Yes

Malignant tumor
No

Yes
Cataract/glaucoma
No

Yes

Hypertension

No

Yes

Cardiac-cerebral vascular disease
No

Yes

Osteoarthrosis

No

Yes

COPD

No

Yes

Total (proportion)

111,940(52.1%)
103,101(47.9%)

70,913(33.0%)
50,723(23.6%)
35,760(16.6%)
28,131(13.1%)
18,426(8.6%)
11,088(5.2%)

112,349(52.2%)
102,692(47.8%)

63,102(29.4%)

89,059(41.5%)

40,508(18.9%)
15,087(7.0%)
4,269(2.0%)
2,322(1.1%)

155,973(72.5%)

54,142(25.2%)
1,795(0.8%)
3,131(1.5%)

186,118(86.6%)
28,923(13.4%)

14,533(6.8%)
200,508(93.2%)

211,936(98.6%)
849(0.4%)
1,970(0.9%)
286(0.1%)

3,145(1.5%)
6,531(3.0%)
200,588(93.3%)
3,993(1.9%)
784(0.4%)

105,213(48.9%)
9,453(4.4%)
27,582(12.8%)
26,339(12.2%)
46,454(21.6%)

1,960(0.9%)
213,081(99.1%)

193,528(90.0%)
21513(10.0%)

185,872(86.4%)
29,169(13.6%)

2,738(1.3%)
31,721(14.8%)
126,650(58.9%)
45,135(21.0%)

8,797(4.19%)

117,267(54.5%)
97,774(45.5%)

16,892(7.9%)
198,149(92.1%)

212,578(98.9%)
2,463(1.1%)

180,626(84.0%)
34,415(16.0%)

135,768(63.19%)
79,273(36.9%)

159,128(74.0%)
55,913(26.0%)

121,140(56.3%)
93,901(43.7%)

193,092(89.8%)
21,949(10.2%)

Diabetes(proportion)

No

99,210(88.6%)
97,109(94.2%)

65,419(92.3%)
45,999(90.7%)
32,300(90.3%)
25,502(90.7%)
16,783(91.1%)
10,316(93.0%)

101,385(90.2%)
94,934(92.4%)

58,439(92.6%)
82,186(92.3%)
36,245(89.5%)
13,250(87.8%)
3,609(84.5%)
1,946(83.8%)

142,133(91.1%)

49,539(91.5%)
1,630(90.8%)
3,017(96.4%)

169,755(91.2%)
26,564(91.8%)

13,110(90.2%)
183,209(91.4%)

193,394(91.3%)
794(93.5%)
1,855(94.2%)
276(96.5%)

2,890(91.9%)
6,006(92.0%)
183,141(91.3%)
3,605(90.3%)
677(86.4%)

97,919(93.1%)
8,623(91.2%)
25,157(91.2%)
23,702(90.0%)
40,918(88.1%)

1,852(94.5%)
194,467(91.3%)

175,946(90.9%)
20,373(94.7%)

168,859(90.8%)
27,460(94.1%)

2,462(89.9%)
28,815(90.8%)
115,657(91.3%)
41,429(91.8%)

7,956(90.4%)

106,276(90.6%)
90,043(92.1%)

15,773(93.4%)
180,546(91.1%)

194,131(91.3%)
2,188(88.8%)

166,343(92.1%)
29,976(87.1%)

128,653(94.8%)
67,666(85.4%)

145,270(91.3%)
51,049(91.3%)

110,551(91.3%)
85,768(91.3%)

176,336(91.3%)
19,983(91.0%)

Yes

12,730(11.4%)
5,992(5.8%)

5,494(7.7%)
4,724(9.3%)
3,460(9.7%)
2,629(9.3%)
1,643(8.9%)
772(7.0%)

10,964(9.8%)
7,758(7.6%)

4,663(7.4%)
6,873(7.7%)
4,263(10.5%)
1,837(12.2%)
660(15.5%)

376(16.2%)

13,840(8.9%)

4,603(8.5%)
165(9.2%)
114(3.6%)

16,363(8.8%)
2,359(8.2%)

1,423(9.8%)
17,299(8.6%)

18,542(8.7%)
55(6.5%)
115(5.8%)
10(3.5%)

255(8.19%)
525(8.0%)
17,447(8.7%)
388(9.79%)
107(13.6%)

7,294(6.9%)
830(8.8%)
2,425(8.8%)
2,637(10.0%)
5,536(11.9%)

108(5.5%)
18,614(8.7%)

17,582(9.1%)
1,140(5.3%)

17,013(9.2%)
1,709(5.9%)

276(10.1%)
2,906(9.29%)
10,993(8.7%)
3,706(8.29%)
841(9.6%)

10,991(9.4%)
7,731(7.9%)

11,191(6.6%)
17,603(8.9%)

18,447(8.7%)
275(11.2%)

14,283(7.9%)
4,439(12.9%)

7,115(5.29%)
11,607(14.6%)

13,858(8.7%)
4,864(8.79%)

10,589(8.7%)
8,133(8.7%)

16,756(8.7%)
1,966(9.0%)

P-value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.945

0.515

0.164
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Constant 25231 | 1309 19278 | <0.001
F1 Emotional Stability 0257 | 0042 | —0378 | —6.125 | <0.001
factor

F2 Agreeableness factor | —0.181 | 0.048 | —0204 | —3.783 = <0.001
F5 Extraversion factor —0.106 | 0046 | —0.130 | —2.323 | 0.021
Healthy subjects —0.375 | 0511 | —0.033 | —0733 | 0.464

B, Unstandardized Regression

Coefficients; Std. error, standard error; §, Standardized
Regression Coefficients; p, p-value.
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Diabetes Healthy

N % N %

N° participants 201 50.1% 200 49.9% 401 100%

Sex

Woman 58 28.9% 58 29.0% 116 28.9% 0.001 0.002 0975
Man 143 71.1% 142 71.0% 285 71.6%

Age

43 years or younger 46 22.9% 59 29.5% 105 26.2% 2588 0.080 0.460
44 to 50 years 63 31.3% 55 27.5% 118 29.4%

From 51 to 55 years old 44 21.9% 38 19.0% 82 20.4%

56 years or older 48 23.9% 48 24.0% 96 23.9%

Marital status

Married/couple 123 61.2% 124 62.0% 247 61.6% 4.574 0.107 0.102
Single/widowed/other 64 31.8% 51 25.5% 115 28.7%
Separated/divorced 14 07.0% 25 12.5% 39 9.7%

Level of studies

Secondary or lower 160 79.6% 156 78.0% 316 78.8% 0.154 0.020 0.695

Superior 41 20.4% 44 22.0% 85 21.2%
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Std

error
Constant 32.589 | 3.938 8279 <0.001
F1 emotional stability factor | 0.883 0074 | 0457 | 11998 | <0.001
F3 integrity factor 0.663 0.115 | 0.221 5.756 <0.001
F4 conscientiousness factor 0.449 0.099 | 0.175 5.531 <0.001
F5 extraversion factor 0.384 0.078 0.166 4.936 <0.001
Healthy subjects 0.990 0.875 0.031 1.137 0.256

B, unstandardized regression coefficients; Std error, standard error; B, standardized regression

coefficients; p, p-value.
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Excluded (n=3)
- Declined to participate (n=3)

Randomized (n=42)

Allocation

Allocated to intervention (n=21)

Allocated to control (n=21)
Follow-Up
Lost to follow-up because of Lost to follow-up because of
scheduling conflicts (n=1) scheduling conflicts (n=1)

Analysis

Included in intention-to-treat Included in intention-to-treat
analysis (n=21) analysis (n=21)
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hter yoga group

Control group

(n=21) (n=21)
Age, years 71.8 (64) 70.6 (8.2) 0.641
‘Women, n (%) 14 (66.7) 14 (66.7) 1.000
Body weight, kg 58.1(9.2) 62.2(9.7) 0.165
BMI, kg/m2 234 (32) 247 (2.8) 0.156
‘Waist circumference, cm 87.5(9.3) 91.9 (8.3) 0.116
HbAIlc, % 7.07 (0.7) 7.19 (0.7) 0.580
Positive affect 34 (1.6) 3.9 (1.3) 0.454
Negative affect 2.1 (1.6) 20(L7) 0.745
Subjective stress 1.9 (0.7) 22(0.9) 0.320
Sleep duration, hours 6.0 (0.9) 6.2 (1.3) 0.542
Exercise, 22 days/week, n (%) 14 (66.7) 10 (47.6) 0.350
Current alcohol drinking, n (%) 3(143) 8(38.1) 0.160
Current smoking, n (%) 0(0) 0(0) 1.000
Number of family members 3.2 (1.6) 3.0 (1.4) 0.731

BMI, body mass index; HbAlc, hemoglobin Alc. Data are mean (SD) unless otherwise indicated.
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Baseline 12 weeks A0-12 weeks Between-group

Mean (SD)  Mean (SD) (95% Cl) PRV ifierence @50 Cy | PV pvaluet
HbA1c (%)
Laugh[er yoga (n=21) 7.07 (0.7) 6.82 (0.6) -0.24 (-0.39, -0.09) 0.004 -0.31 (-0.54, -0.09) 0.008 0.002
Control (n = 21) 7.19 (0.7) 7.26 (0.7) 0.07 (-0.11, 0.24) 0.410

Body weight (kg)

Laughter yoga (n = 21) 58.1 9.2) 582 (9.3) 0.15 (-0.23, 0.54) 0.421 -0.36 (~0.88, 0.16) 0.166 0.164
Control (n = 21) 622 | (97) | 627  (95) 051 (0.15, 0.88) 0.009

BMI (kg/m?) 7 :
Laughter yoga (n=21) | 234 | (32) 235  (32) 0.06 (<0.10, 0.22) 0.447 ~0.16 (<0.38, 0.06) 0.146 0.134
Control (n = 21) 247 (2.8) 250 (2.8) 0.22 (0.06, 0.37) 0.010

Waist circumference (cm)

Laughter yoga (n = 21) 875 | (93) 867 | (88) [ -0.82 (-2.17, 0.52) 0217 I ~1.04 (-3.07, 0.97) 0.302 0.141
Control (n = 21) 919 | (83) 921 | (82) 022 (-1.37, 1.82) 0.773

Positive affect
Laughter yoga (n = 21) 34 (16) 41 | (12) 0.62 (0.11, 1.13) 0.020 0.62 (0.003, 1.23) 0.049 0.139
Control (n = 21) 39 | (13) 39 | (L0) 0.00 (~0.38, 0.38) 1.000

Negative affect
Laughter yoga (n = 21) 21 | (16) 22 (18) 0.05 (~0.54, 0.63) 0.867 ~0.05 (~0.74, 0.64) 0.890 0.786
Control (n = 21) 20 | (17) 21 (L6) 0.10 (031, 0.50) 0.629

Subjective stress
Laughter yoga (n = 21) 19 | (07) 21 (L0) 0.14 (~0.16, 0.44) 0.329 034 (-0.11, 0.77) 0.133 0.339
Control (n = 21) 22| (09) 20 (06) ~0.19 (~0.53, 0.15) 0.258

Sleep duration (hours)
Laughter yoga (n = 21) 60 | (09) 63 | (L0) 033 (~0.04, 0.70) 0.074 0.40 (~0.05, 0.86) 0.080 0.054

Control (n = 21) 62 (1.3) 6.1 (1.4) -0.07 (-0.40, 0.22) 0.614

BMI, body mass index; HbA ¢, hemoglobin Alg; SD, standard deviation; 95% CI, 95% confidence interval.
P for comparing the difference in outcomes before and after the intervention using paired-samples t test.

®P for unadjusted between-group difference in changes in outcomes over 12 weeks using independent samples t test.

P for adjusted between-group difference (adjustment for age, BMI and each dependent variable value at baseline) using analysis of covariance.
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Baseline 12 weeks AO-12 weeks Between-group

Mean (SD)  Mean (SD) (95% Cl) PYAYE’  giference (059 C) | PVAE”  pvaluet
HbATC (%)
Laughter yoga (n = 20) 7.12 (0.7) 6.86 (0.6) [ -0.26 (-0.42, -0.09) 0.004 —0.33 (-0.57, =0.09) 0.008 0.003
Control (n = 20) 720 (0.7) 727 (0.7) 0.08 (-0.11, 0.26) 0.410

Body weight (kg)

Laughter yoga (n=20) | 583  (9.4) 585 (9.5 0.16 (~0.25, 0.57) 0422 ~0.38 (<0.92, 0.16) 0.166 0175
Control (n = 20) 625 (9.8) 63.0 9.7) 0.54 (0.15, 0.93) 0.009

BMI (kg/m?)
Laughter yoga (n = 20) 234 (33) 235 (33) 0.06 (-0.11, 0.23) 0.455 -0.17 (-0.39, 0.06) 0.145 0.143
Control (n = 20) 249 (27) 252 | (27) 0.23 (0.06, 0.39) 0.009

| Waist circumference (cm)

Laughter yoga (n = 20) 874 (9.5) 866 (9.0) ~0.87 (~2.28, 0.55) 0217 ~1.10 (-3.23, 1.03) 0.302 0.133
Control (n = 20) 925  (8.1) 927 | (8.0) 0.24 (-145, 1.92) 0.774

Positive affect
Laughter yoga (n = 19) 33 | (1.7) I 40 | (1.2) 0.68 (0.13, 1.24) 0.019 0.68 (0.01, 1.36) 0.048 7 0.246
Control (n = 19) 40 (13) 40 | (L0) 0.00 (-0.43, 0.43) 1.000

Negative affect
Laughter yoga (n = 19) 23 (16) 23 (1.8) 0.05 (-0.60, 0.71) 0.867 ~0.05 (-0.82, 0.71) 0.890 0.935
Control (n = 19) 9 (17) 20 | (17) 0.11 (-0.35, 0.56) 0.630

Subjective stress
Laughter yoga (n = 18) 18 (0.7) 20 | (1.0) 0.17 (-0.19, 0.52) 0.331 0.40 (-0.13, 0.93) 0.132 0415
Control (n = 17) 22 (0.9) 19 (0.6) ~0.24 (-0.66, 0.19) 0.260

Sleep duration (hours)
Laughter yoga (n = 18) 60  (10) 64 | (10) 039 (-0.04, 0.82) 0.074 0.47 (~0.06, 1.00) 0.080 0.058

Control (n = 18) 63 (1.4) 62 (L.5) ~0.08 (-0.43, 0.26) 0.616

BMI, body mass index; HbA Ic, hemoglobin Alg; SD, standard deviation; 95% CI, 95% confidence interval.

P for comparing the difference in outcomes before and after the intervention using paired-samples t test.

®P for unadjusted between-group difference in changes in outcomes over 12 weeks using independent samples t test.

<P for adjusted between-group difference (adjustment for age, BMI and each dependent variable value at baseline) using analysis of covariance.
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References Location Age (years) Methodology/ Method of Research questions or

theory data objectives
orientation collection
Hasseler etal. (30) | Germany 7 T2DM patients 55-76 Symbolic interactionism Problem-centered To identify diabetes-related coping
interview strategies and problems of
adjustment to the disease from the
perspective of PWDs.
Wilson (31) UK 25T1DM or 72-84 None stated Telephone To explore the views of older
T2DM patients interview PWDs about the care they received
from healthcare professionals.
Speight et al. (32) UK 17 TIDM patients 35-57 Adapted grounded Semi-structured To explore individual experiences
theory interview of severe hypoglycaemia occurring

in daily life, and understand
barriers to the prevention of
hypoglycaemia.

Cuevas et al. (33) USA 10 T2DM patients 44-70 None stated Narrative interview | To explore the perceptions of
people with T2DM regarding
cognitive changes they experienced
and examine informants’
recommendations for
modifications of existing cognitive
rehabilitation interventions.

Cuevasetal. (34) | USA 19 T2DM patients 40-70 None stated Focus group To describe and focus specifically
on the perceptions of people with
T2DM in a cognitive rehabilitation

intervention.
Hu and Zhang China 9 T2DM patients 41-57 Phenomenology Semi-structured To explore the cognition and
(35) interview feeling of MCI in PWDs, evaluate

their performance and demand for
cognitive rehabilitation

intervention.
Chepulis et al. New Zealand | 10 T2DM patients 26-75 None stated Semi-structured To provide an up-to-date
(36) interview assessment of challenges to

diabetes care and glycemic control,
particularly in patients with T2DM
who have severe glycemic control.

Cuevasetal. (37) | USA 30 T2DM patients | Meanage =66 | None stated One-on-one To explore the meaning of
interview cognitive health from the
perspectives of Latinx adults with
T2DM.

NB: T2DM, Type 2 diabetes mellitus; TIDM, Type 1 diabetes mellitus.
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Characteristic Low awareness of High awareness of Total respondent

diabetes mellitus diabetes mellitus (n =706)

medication medication

n % n %
Total respondent 619 87.7 87 123 706 100%
Gender 0.467
Female 348 87.9 48 12.1 396 58.8
Male 239 86.0 39 14.0 278 41.2
Missing 32 - - - 32 -
Age <0.001*
15-25 years old 48 100 0 0 48 7.1
26-35 years old 85 96.6 3 34 88 13.0
36-45 years old 103 97.2 3 28 106 15.7
46-55 years old 89 82.4 19 17.6 108 16.0
55-65 years old 153 78.9 41 211 194 28.8
>65 years old 109 83.8 21 16.2 130 19.3
Missing 32 = . - 32 -
Education level 0.237*
No education 73 93.6 5 64 78 11.8
Elementary school 227 88.0 31 12.0 258 389
Junior high school 93 86.1 15 13.9 108 16.3
Senior high school 10 83.3 2 16.7 12 1.8
University 173 83.6 34 16.4 207 312
Missing 43 - - - 43 -
Marital status 0.105*
Not currently Married 163 90.6 17 94 180 26.7
Currently married 424 85.8 70 142 494 733
Missing 32 - - - 32 -
Economic status 0.231*
Quintile 1 127 87.6 18 12.4 153 227
Quintile 2 103 86.5 16 135 107 159
Quintile 3 120 88.2 16 118 134 199
Quintile 4 111 91.7 10 8.3 126 18.7
Quintile 5 126 82.3 27 17.7 154 22.8
Missing 32 - = - 3 -
Residency <0.001*
Rural 247 93.6 17 64 264 374
Urban 372 84.2 70 158 442 62.6
Missing - = = = = =
Coverage of health insurance <0.001%
No 320 91.2 31 8.8 351 52.6
Yes 261 82.6 55 17.4 316 474
Missing 38 - 1 - 39 -
Religiosity 0916
Not religious 86 86.9 13 13.1 99 16.3
Religious 445 87.2 65 12.8 510 83.7
Missing 88 - 9 = 97 -
Having comorbidities <0.001*
No comorbid 313 93.7 21 6.3 334 50.1
1-3 Comorbidities 263 81.1 61 18.9 323 48.4
>4 Comorbidities 5 55.6 4 44.4 10 15
Missing 38 = 1 e 39 =
Blood glucose control status <0.001*
Irregularly 514 93.3 37 6.7 551 90.3
Regularly 18 30.5 41 69.5 59 9.7
Missing 87 - 9 - 96 -
Having general medical check-up <0.001*
No 484 89.8 55 10.2 539 88.4
Yes 48 67.6 23 324 71 11.6
Missing 96 . = - 96 =
Health care satisfaction 0.836
Low 122 87.8 17 122 139 227
High 412 87.1 61 12.9 473 77.3
Missing 85 - 9 - 94 -
Happiness status 0.726
Unhappy 62 88.6 8 114 70 114
Happy 472 87.1 70 129 542 88.6
Missing 85 - 9 - 94 -
Insomnia 0.994
Yes 75 87.2 11 12.8 525 85.9
No 458 87.2 67 12.8 86 14.1
Missing 86 - 9 - 95 -
Depressive symptoms status 0.213*
Not depressed 410 86.3 65 137 475 779
Depressed 122 90.4 13 9.6 135 22.1
Missing 87 - 9 - 96 -

*Included in the initial multivariate model.
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Characteristic Univariate Multivariate®

Crude OR p-value Adjusted OR p-value
[95% CI] [95% CIIb

Age

15-25 years old 1 1

26-35 years old 5.46 [1.58-18.91] 0.007* 4.96 [1.06-23.19] 0.042*

36-45 years old 6.61[1.92-22.84] 0.003* 5.04 [1.17-21.69] 0.030%

46-55 years old 0.90 (0.46-1.78] 0.768 1.07 [0.41-2.76] 0.895

55-65 years old 0.72 (0.40-1.28] 0.265 0.61 [0.27-1.40] 0.244

>65 years old Reference Reference

Coverage of health insurance

Yes Reference Reference

No 2.18[1.36-3.48] 0.001% 2.08[1.12-3.87) 0.021%

Comorbidity status

No comorbid 3.47 [2.06-5.85] <0.001* 2,03 [1.05-3.90] 0.034*

1-3 Comorbidities Reference Reference

>4 Comorbidities 0.35[0.95-1.28] 0.111 1.12 [0.65-19.72] 0,933

Blood glucose control status

Regularly Reference Reference

Irregularly 31.64[16.57-60.42] <0.001* 23.61 [11.46-48.65] 0.000%

Having general medical check-up

Yes Reference Reference

No 4.22 [2.38-7.46] <0.001* 2.52 [1.12-5.36] 0.016*

Education level

No education 2.87 [1.08-7.63 0.035* - -

Elementary school 1.44[0.85-2.43 0.174 - -

Junior high school 1.22[0.63-2.35 0.556 - -

Senior high school 0.98 [0.21-4.69] 0.982 - -

University Reference - -

Marital status

Not currently married 1.58 (0.90-2.77 0.108 - -

Currently married Reference - :

Economic status

Quintile 1 1.51[0.79-2.88 0.209 o -

Quintile 2 1.38 [0.71-2.70] 0.347 = -

Quintile 3 1.61[0.82-3.13 0.163 = -

Quintile 4 2.38 [1.10-5.13 0.027 = -

Quintile 5 Reference - =

Residency

Rural 2.73 [1.57-4.76] <0.001* - -

Urban Reference - -

Depressive symptoms status

Depressed 1.49 [0.79-2.79] 0216 - -

Not depressed Reference

2Goodness-of-fit p-value of final model; 0.552; pseudo-R-squared: 34.71%.

®Final multivariate model.
*p < 0.05 at the 5% level of significance.
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Usual care group n=96
ESC-SCORE result [%] 8.07 + 5.17 (7.09-9.05) 8.03 + 4.83 (7.06-9.01) 0.959 0
Sex [m/f, n] 96/14 86/10 0.606 1
Age [years] 60.1 + 8.7 (58.4-61.7) 60.2 % 7.7 (58.6-61.7) 0.994 0
Body weight [kg] 89.6 + 15.3 (86.7-92.4) 86.4 + 14.3 (83.5-89.3) 0.076 O
BMI [kg/m’] 29.62 + 4.55 (28.76-3048) 28.19 + 3.85 (27.41-28.97) 0.019 0
‘Waist circumference [cm] 103.8 + 10.6 (101.8-105.8) 101.0 + 12.4 (98.5-103.5) 0.083 #
n=109 n=95
HbAlc [%] 6.41 = 0.86 (6.25-6.57) 6.18 + 0.57 (6.06-6.29) 0.103 0
hsCRP [mg/l] 0.31 + 0.56 (0.20-0.41) 0.33 + 054 (0.22-0.44) 0.7520
n=108 n=95
Total cholesterol [mg/dl] 238.9 + 48.5 (229.7-248.1) 237.4 + 485 (227.6-247.2) 0.908 O
HDL [mg/dl] 535 +12.3 (51.1-55.8) 54.8 + 12.8 (52.2-57.4) 0.338 0
LDL [mg/dl] 1506 + 34.4 (144.1-157.1) 149.7 + 33.6 (142.9-156.5) 0.928 O
Triglycerides [mg/dl] 218.0 + 160.2 (187.7-248.2) 204.5 + 138.6 (176.5-232.6) 0.982 0
Systolic BP [mmHg] 139.8 + 17.7 (136.4-143.1) 138.1 + 150 (135.1-141.2) 0417 O
Diastolic BP [mmHg] 87.9 + 11.1 (85.8-90.0) 88.7 9.9 (86.7-90.7) 0.720 O
Exercise capacity [W/kg] 173 +0.47 (1.64-1.82) 1.69 + 0.43 (1.60-1.78) 0715 #
n=103 n=86
Smokers
Non-smokers 42 (38.2%) 39 (40.6%)
Current smokers 23 (20.9%) 21 (21.9%) 0.866 1
Ex-smokers 45 (40.9%) 36 (37.5%)
Anti-diabetic drugs
I Insulin 8(7.3%) 10 (10.4%) 0425 1
Oral antidiabetic agents 19 (17.3%) 9 (94%) 0.099 +
Other drugs
ASS 13 (11.8%) 20 (20.8%) 0.078 +
Statins 26 (23.6%) 15 (15.6%) 0.151 1
Anti-hypertensive agents 55 (50.0%) 36 (37.5%) 0072 1

ESC-SCORE, European Society of Cardiology Systematic Coronary Risk Evaluation; BMI, body mass index; HbA ¢, glycated hemoglobin; hsCRP, high-sensitive C-reactive protein; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; BP, blood pressure. Means + standard deviations (SD) and 95% confidence intervals. O Mann-Whitney U test # Student’s t test (unpaired samples)

+ Chi? test.
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Intention-to-treat
analysis

Intervention group
Pre-intervention

Intention-to-treat
analysis
Intervention group
Post-intervention

p-value

Per protocol
analysis
Intervention group
Pre-intervention

Per protocol
analysis
Intervention group
Post-intervention

=110 =110 =69 =69
ESC-SCORE result [%] 8.07 + 5.17 (7.09-9.05) 6.33 +4.31 (5.52-7.15) <0.001 O 8.62 + 529 (7.35-9.89) 5.85 + 3.87 (4.92-6.78) <0001 O
Body weight [kg] 89.6  15.3 (86.7-92.4) 87.8 £ 15.1 (85.0-90.7) <0.001 m 86.8 + 14.7 (83.2-90.3) 84.0 + 13.7 (80.7-87.3) <0.001 m
BMI [kg/mz] 29.62 + 4.55 (28.76- 29.02 + 4.36 (28.20-29.84) <0.001 O 29.08 + 4.46 (28.01-30.16) 28.13 + 3.97 (27.17-29.08) <0.001 O
30.48)
Waist circumference 103.8 + 10.6 (101.8- 101.9 + 10.4 (99.9-103.9) <0.001 m 102.0 = 10.7 (99.4-104.6) 99.0 £ 9.7 (96.6-101.3) <0.001 =
[cm] 105.8) n=109 n=68 n=68
n=109
HbAlc [%] 641 + 0.86 (6.25-6.57) 6.26 + 0.87 (6.09-6.42) <0.001 O 6.29 + 0.80 (6.09-6.48) 6.04 + 0.75 (5.86-6.22) <0.001 O
hsCRP [mg/l] 0.31 + 056 (0.20-0.41) 0.32 + 0.64 (0.20-0.41) 0.0350 0.24 + 0.33 (0.16-0.32) 0.26 + 0.52 (0.14-0.39) 00350
n=108 n=108 n=67 n=67
Total cholesterol [mg/ 238.9 + 48.5 (229.7- 219.7 £ 49.5 (210.3-229.0) <0001 O | 2322+ 44.2 (221.6-242.9) 201.5 + 36.6 (192.8-210.3) <0.001 O
dl 248.1)
HDL [mg/dl] 53.5 + 123 (51.1-55.8) 53.8 + 13.0 (51.3-56.2) 0.6250 54.8 + 12.8 (51.7-57.9) 553 + 13.8 (52.0-58.6) 0.625 O
LDL [mg/dl] 150.6 + 34.4 (144.1- 1343 + 34.3 (127.9-140.8) <0.001 O 147.6 + 33.6 (139.5-155.6) 121.6 + 26.4 (115.3-128.0) <0.001 O
157.1)
Triglycerides [mg/dl] 218.0 £ 160.2 (187.7- 188.6 + 149.5 (160.3-216.8) <0.001 O 191.2 £ 130.2 (159.9- 144.3 +90.7 (122.5-166.1) <0.001 O
248.2) 222.4)
Systolic BP [mmHg] 139.8 + 17.7 (136.4- 132.7 £ 13.9 (130.1-135.3) <0.001 m 1425 + 19.2 (137.8-147.1) 131.2 £ 13.6 (127.9-134.5) <0.001 =
143.1)
Diastolic BP [mmHg] 87.9 + 11.1 (85.8-90.0) 845 + 9.6 (82.7-86.3) <0.001 O 88.5 + 11.7 (85.7-91.3) 83.1 + 9.1 (80.9-85.3) <0.001 m
Exercise capacity [W/ 1.73 £ 0.47 (1.64-1.82) 1.89 £ 0.50 (1.80-1.99) <0.001 O 1.78 £ 0.51 (1.66-1.91) 2.04 + 0.50 (1.92-2.17) <0.001 =

kgl

n=103

n=103

n=65

n=65

ESC-SCORE, European Society of Cardiology Systematic Coronary Risk Evaluation; BMI, body mass index; HbA I, glycated hemoglobin; hsCRP, high-sensitive C-reactive protein; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; BP, blood pressure. Means + standard deviations (SD) and 95% confidence intervals. O Wilcoxon signed rank test m Student s t test (paired samples).
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Ford Motor Company

Free-of-charge
cardiovascular disease (CVD) mortality risk screening
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to identify high-risk patients
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CVD mortality risk score (ESC-SCORE) changes from baseline differed significantly between
groups, with the intervention group achieving more favorable results in all follow-up visits

Images: Freepik.com
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Components Subgroup data: Actual time spent (percentage of

planned hours)

Aerobic endurance and resistance training 37.00 90.0%

Nutrition coaching 11.00 73.1%
Information/Education in Mediterranean-style diet and practical training in
preparing a meal

LifeSkills according to Williams and Williams 13.50 74.5%
Progressive relaxation training 6.00 90.7%
Smoking cessation program 045 11.1%

(5 persons)

Medical care with guideline-based pharmacotherapy 4.75 90.7%

Information/Education 8.00 121.9%
Healthy lifestyle management
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References Criteria Score (%)

Q6 Q7 Q8

Hasseler et al. (30) U X b4 Y Y Y N N N Y 60%
Wilson (31) U Y ¥ ¥ D6 N N ¥ X 4 70%
Speight et al. (32) U Y ¥ ¥ Y Y Y ¥ b ¥ 90%
Cuevas et al. (33) Y Y b ¥ Y Y Y Y Y Y 90%
Cuevas et al. (34) U Y Y b Y U ¥ Y Y Y 80%
Hu and Zhang (35) Y p ¢ ¥ b'S Y N U '8 Y Y 80%
Chepulis et al. (36) U Y Y ¥ X Y U Y Y Y 80%
Cuevas etal. (37) Y X p§ ¥ Y Y U Y ¥ ¥ 90%

Y, Yes; N, Nos U Unclear; Q1, Congruity between the stated philosophical perspective and the research methodology; Q2, Congruity between the research methodology and the research question
or objectives; Q3, Congruity between the research methodology and the methods used to collect data; Q4, Congruity between the rescarch methodology and the representation and analysis
of data; Q5, There is congruence between the research methodology and the interpretation of results; Q6, Locating the researcher culturally or theoretically; Q7, Influence of the researcher
on the research, and vice-versa, is addressed; Q8, Representation of participants and their voices; Q9, Ethical approval by an appropriate body; Q10, Relationship of conclusions to analysis, or
interpretation of the data.





OPS/images/fendo.2023.1106334/crossmark.jpg
©

2

i

|





OPS/images/fendo.2023.1106334/fendo-14-1106334-g001.jpg
Free-of-charge screening and
ESC-SCORE calculation
(n =4196)

Highrisk25%
(n =619; 575m, 44w)

Medium risk 2-4 %
(n =1533; 1383m, 150w)

Lowrisk=1%
(n =2044; 1612m, 432w)

Extended medical check-
up and anamnesis
(TO: n=619)

Eligibility check:

Excluded (n =413)

No diabetes mellitus diagnosis
or no HbA1c value 25,7 % (n = 241)
Not meeting further
inclusion criteria (n = 128)
Declined to participate (n = 35)
Other reasons (n=9)

Randomization
(n =206, 182m, 24w)

Usual care (n =96)

Interventiongroup(n=110)

n=110 patients started,
n=69finished the 15-week interventionand
completed examination post-intervention

(T1)

Medical check-ups and
ESC-SCORE calculation
6 months (T2; n =75)

Medical check-ups and
ESC-SCORE calculation
6 months (T2; n=73)
12 months (T3; n =66)
24 months (T4; n=66)
36 months (T5; n =60)

12 months (T3; n =865)
24 months (T4; n=59)
36 months (T5; n =52)

Analysis:
Intention-to-treat (n = 96)
Per protocol (n =52)

Analysis:
Intention-to-treat (n = 110)
Per protocol (n =60)
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Variables Q1 Q2 Q3 Q4 p for

Age group
60-79 Ref 1.063 (0.637, 1.776) 1.031 (0579, 1.833) 0.821 (0.480, 1.403) 0456
20-39 Ref 0.574 (0.290, 1.138) 0334 (0153, 0.726) 0.212 (0.067, 0.672) 0.001
40-59 Ref 0.639 (0.416, 0.982) 0.423 (0.261, 0.684) 0.345 (0.142, 0.838) 0.001
Gender 0.044
Male Ref 0.838 (0.570, 1.232) 0.592 (0.410, 0.855) 0.614 (0.363, 1.041) 0.016
Female Ref 0.456 (0.214, 0.970) 0.468 (0.246, 0.891) 0.120 (0.036, 0.401) <0.0001
Race 0.832
White Ref 0.723 (0.460, 1.136) 0552 (0.326, 0.933) 0.520 (0.290, 0.933) 0.009
Mexican Ref 1.008 (0.478, 2.123) 0.665 (0.298, 1.485) 0.617 (0.152, 2.499) 026
Black Ref 0.835 (0.483, 1.446) 0.719 (0.381, 1.357) 0.186 (0.063, 0.550) 0.017
Other Ref 0.545 (0.236, 1.256) 0.603 (0.242, 1.502) 0305 (0.129, 0.721) 0.029
Education 0.187
College and higher Ref 0.835 (0.551, 1.264) 0.696 (0.432, 1.118) 0,519 (0.304, 0.887) 0.009
Middle and high school Ref 0.667 (0.387, 1.149) 0.419 (0.207, 0.848) 0.626 (0.220, 1.782) 0.05
Primary school and less Ref 0.192 (0.044, 0.841) 0.091 (0.024, 0.345) 0.074 (0.011, 0.501) <0.001
CKD 0.069
No Ref 0.598 (0.420, 0.852) 0516 (0.344, 0.774) 0.470 (0.289, 0.764) <0.001
Yes Ref 1.309 (0.599, 2.859) 0.776 (0.371, 1.624) 0312 (0.121, 0.804) 0.011
CVD 0.268
No Ref 0.727 (0.526, 1.005) 0.508 (0.339, 0.760) 0.393 (0.242, 0.638) <0.0001
Yes Ref 0.543 (0.201, 1.462) 0.693 (0.320, 1.500) 0.958 (0.253, 3.627) 0.872
Smoking status 0472
Never Ref 0.534 (0.283, 1.007) 0.415 (0.236, 0.729) 0.353 (0.182, 0.685) 0.001
Former Ref 0.947 (0.532, 1.686) 0.736 (0.439, 1.236) 0.493 (0.254, 0.955) 0.015
Now Ref 0.621 (0.334, 1.154) 0285 (0.147, 0.551) 0.203 (0.070, 0.590) <0.001
Hypertension 0.121
No Ref 0.436 (0.256, 0.744) 0.538 (0.298, 0.971) 0.470 (0.229, 0.962) 0.038
Yes Ref 1.022 (0.694, 1.506) 0.611 (0.417, 0.894) 0.601 (0.334, 1.082) 0.01
Dyslipidemia 0.239
Yes Ref 0.675 (0.480, 0.949) 0.572 (0.382, 0.858) 0.531 (0.328, 0.860) 0.002
No Ref 0.944 (0.412, 2.163) 0.427 (0.160, 1.136) 0.188 (0.073, 0.486) <0.001

Data are presented as OR (95% CI). Adjusted for age, gender, race, education, WBC, Neu, Hb, Plt, CKD, CVD, smoking status, hypertension, and dyslipidemia.
WBC, white blood cells; Neu, neutrophil; Hb, hemoglobin; PIt, platelet; CKD, chronic kidney disease; CVD, cardiovascular disease; OBS, oxidative balance score.
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OR (95% Cl); p-value

Diabetes

Crude model Model 1 Model 2 Model 3

Continuous 0.95 (0.93, 0.97) <0.0001 0.94 (0.92, 0.97) <0.0001 0.95 (0.92, 0.98) <0.001 0.96 (0.94, 0.99) ‘ <0.009

Qi 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)

Q 0.76 (0.56, 1.02) 007 0.71 (0.52, 0.98) 004 0.73 (0.53, 1.00) 0.05 0.76 (0.5, 1.06) ‘ 0.10

Q3 0.60 (0.42, 0.85) 0.005 0.55 (0.38, 0.78) 0.001 0.58 (0.40, 0.83) 0.003 062 (0.43, 0.90) ‘ 0.01

Q4 051 (0.33, 0.79) 0.003 0.44 (0.28, 0.69) <0001 048 (0.30, 0.76) 0.002 060 (0.37, 0.97) ‘ 0.04
p for trend <0001 <0.0001 <0.001 ‘ 0.007

‘The OBS was converted from a continuous variable to a categorical variable (quartiles). Data are presented as OR (95% CI). Crude model was adjusted with no covariates.
OBS, oxidative balance score; NHANES, National Health and Nutrition Examination Survey.
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Overall Q3

Variables (n =5,233) (n =1,422)
Age (years) 4523 (0.41) 4332 (0.60) 44.62 (0.64) 46.13 (0.60) 4731 (0.78) <0.001
Gender, n (%) ‘ ‘ ‘ 0.1
Female 2,062 (39.4) 604 (25.23) 494 (23.55) 577 (30.41) 387 (20.81)
Male 3,171 (60.6) 1,004 (27.72) 816 (26.18) 845 (28.22) 506 (17.88)
Age group, n (%) ‘ ‘ ‘ ‘ <0.001
20-39 2,103 (40.19) 681 (29.60) 537 (25.45) 545 (27.61) 340 (17.34) |
40-59 1,951 (37.28) 597 (26.93) 515 (25.96) 538 (29.31) 301 (17.80)
60-79 1,179 (22.53) 330 (20.14) 258 (22.41) 339 (31.87) 252 (25.57)
Education, n (%) <0.0001
College and higher 3,495 (66.79) 854 (21.20) | 827 (23.76) 1,054 (31.39) 760 (23.64)
Middle and high school 1,535 (29.33) 677 (42.07) 425 (28.62) 319 (22.96) 114 (6.35)
Primary school and less 203 (3.88) 77 (40.38) 58 (31.00) 49 (20.89) 19 (7.73)
Race, n (%) ‘ <0.0001
Black 1,029 (19.66) 499 (49.20) 269 (26.55) 192 (17.63) 69 (6.61)
Mexican 623 (11.91) 177 (28.60) 189 (29.51) 182 (30.09) 75 (11.81)
Other 989 (18.9) 247 (25.12) 214 (2342) 285 (28.86) 243 (22.60)
White 2,592 (49.53) 685 (24.32) 638 (24.81) 763 (30.34) 506 (20.53)
PIR <0.0001
<1 812 (15.52) 377 (44.18) | 197 (23.27) 167 (21.67) 71 (10.89)
>1 4,421 (84.48) 1,231 (24.87) 1,113 (25.27) 1,255 (29.90) 822 (19.95)
WBC (x10°/L) 7.01 (0.05) 751 (0.10) 7.21 (0.07) 6.81 (0.07) 6.37 (0.09) <0.0001
Neu (x10°/L) 4.12 (0.04) 446 (0.07) 4.24 (0.05) 3.97 (0.05) 371 (0.07) <0.0001
Lym (x10°/L) 2.10 (0.01) 221 (0.03) 216 (0.03) 2.07 (0.02) 1.93 (0.03) <0.0001
Hb (g/L) 1452 (0.03) 14.63 (0.06) 1458 (0.06) 1447 (0.05) 1435 (0.06) 0.002
Plt (x10%/L) 237.68 (1.57) 243.98 (2.24) 237.34 (2.58) 237.81 (2.56) 229.12 (3.06) 0.002
DM, n (%) ‘ 0.004
No 4,611 (88.11) 1,360 (25.79) 1,156 (24.98) 1,269 (29.61) 826 (19.62)
Yes 622 (11.89) 248 (35.61) 154 (26.12) 153 (24.37) 67 (13.89)
CKD, n (%) 0.003
No 4,693 (89.68) 1,399 (25.90) 1,190 (24.99) 1,297 (29.85) 807 (19.26)
Yes 540 (10.32) 209 (34.87) 120 (26.07) 125 (21.63) 86 (17.43)
CVD, n (%) 0.65
No 4,910 (93.83) 1,485 (26.66) 1,227 (24.94) 1,348 (29.08) 850 (19.32)
Yes 323 (6.17) 123 (27.07) 83 (27.62) 74 (30.06) 43 (15.25)
Hypertension, n (%) <0.0001
No 3,485 (66.6) 960 (24.48) 861 (24.30) 962 (29.26) 702 (21.95)
Yes 1,748 (33.4) 648 (31.62) 449 (26.84) 460 (28.85) 191 (12.70)
Dyslipidemia, n (%) <0.001
No 1,841 (35.18) 527 (23.98) 440 (23.82) 499 (28.70) 375 (23.50)
Yes 3,392 (64.82) 1,081 (28.05) 870 (25.72) 923 (29.35) 518 (16.88)
Smoking status, n (%) <0.0001
Never 2,570 (49.11) 573 (18.40) 590 (21.97) 802 (34.28) 605 (25.35)
Former 1,364 (26.07) 345 (22.86) 345 (26.36) 407 (29.35) 267 (21.43)
Now 1,299 (24.82) 690 (50.65) 375 (30.62) 213 (17.01) 21 (1.72)
OBS 29.69 (0.08) 25.10 (0.13) 29.55 (0.02) 31.50 (0.02) 33.50 (0.03) <0.0001
Dietary OBS 25.55 (0.06) 22.13 (0.15) 25.89 (0.05) 2697 (0.04) 27.73 (0.03) <0.0001
Lifestyle OBS 4.13 (0.04) 2.96 (0.05) 3.66 (0.05) 453 (0.04) 577 (0.03) <0.0001

All values represented are weighted means (standard deviation) or counts (weighted percentage). The OBS was divided into four levels by quartile (5 < Q1 < 28,29 < Q2 < 30,31 < Q3 <32,and 32
< Q4.236).
WBC, white blood cells; Neu, neutrophil; Lym, lymphocyte; Hb, hemoglobin; PIt, platelet; CKD, chronic kidney disease; CVD, cardiovascular disease; OBS, oxidative balance score; DM, diabetes.
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Overall

Variables (n =5,233)
Age (years) 45.23 (0.41) 44.23 (0.42) 55.11 (0.78) <0.0001
Gender, n (%) - <00001
Female 2,062 (39.4) 1,901 (94.39) 161 (5.61)
Male 3,171 (60.6) 2,710 (88.36) 461 (11.64)
Age group, n (%) ‘ <0.0001
20-39 2,103 (40.19) 2,023 (97.12) 80 (2.88)
40-59 1,951 (37.28) 1,675 (89.39) 276 (10.61)
60-79 1,179 (22.53) 913 (81.29) 266 (18.71)
Education, n (%) <0.001
College and higher 3,495 (66.79) 3,136 (91.79) 359 (8.21)
Middle and high school 1,535 (29.33) 1,314 (88.92) 221 (11.08)
Primary school and less 203 (3.88) 161 (79.08) 42 (20.92)
Race, n (%) 0.01
Black 1,029 (19.66) 868 (87.89) 161 (12.11)
Mexican 623 (11.91) 520 (86.97) 103 (13.03)
Other 989 (18.9) 873 (90.43) 116 (9.57)
White 2,592 (49.53) 2,350 (91.57) 242 (8.43)
PIR 0.65
<1 812 (15.52) 719 (90.23) 93 (9.77)
>1 4,421 (84.48) 3,892 (90.94) 529 (9.06)
WBC (x10°/L) 7.01 (0.05) 6.98 (0.05) 736 (0.14) 0.01
Neu (x10°/L) 4.12 (0.04) 4.08 (0.04) 445 (0.10) <0.001
Lym (x10°/L) 2.10 (0.01) 2.1 (0.01) 2.08 (0.07) 0.7
Hb (g/L) 1452 (0.03) 1450 (0.03) 14.69 (0.08) 0.03
Plt (x10°/L) 237.68 (1.57) 238.57 (1.61) 228.78 (4.45) 0.03
CKD, n (%) <0.0001
No 4,693 (89.68) 4,246 (92.36) 447 (7.64)
Yes 540 (10.32) 365 (75.37) 175 (24.63)
D, n (%) ' <0001
No 4,910 (93.83) 4,390 (91.86) 520 (8.14)
Yes 323 (6.17) 221 (73.09) 102 (26.91)
Hypertension, n (%) <0.0001
No 3485 (66.6) 3,273 (9535) 212 (4.65)
Yes 1,748 (33.4) 1,338 (80.82) 410 (19.18)
Dyslipidemia, n (%) <0.0001
No 1841,(35.18) 1,747 (96.01) 94 (3.99)
Yes 3,392 (64.82) 2,864 (88.28) 528 (11.72)
Smoking status, n (%) <0.001
| Never 2,570 (49.11) 2,327 (92.49) 243 (7.51)
Former 1,364 (26.07) 1,139 (87.38) 225 (12.62)
Now 1,299 (24.82) 1,145 (91.65) 154 (8.35)
OBS 29.69 (0.08) 29.76 (0.08) 28.99 (0.20) <0.001
Dietary OBS 25.55 (0.06) 25.58 (0.07) 25.28 (0.16) 0.06
Lifestyle OBS 4.13 (0.04) 4.17 (0.04) 371 (0.09) <0.0001

All values represented are weighted means (standard deviation) or counts (weighted percentage).
SD, standard deviation; PIR, poverty income ratio; WBC, white blood cells; Neu, neutrophil; Lym, lymphocyte; Hb, hemoglobin; Plt, platelet; CKD, chronic kidney disease; CVD, cardiovascular
disease; OBS, oxidative balance score; DM, diabetes.
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NHANES from 2007-march 2020
(n=66148)

Missing dietary and lifestyle OBS
components’data(n=59474)
Participants with data on OBS(n=6674)
—————— | Missing diabetes status data(n=938)

Participants with data on OBS and
diabetes(n=5736)

- 0, Missing data in covariates(n=503)

Participants were included in the

present study(n=5233)
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Characteristics Male (n = 8,334) Female (n = 16,012)

Non-diabetic Diabetic Non-diabetic Diabetic
(n = 7,858) (n = 476) (n = 15,379) (n = 633)
Age (year) 50.4 £ 11.0 53.9£99 <0.001 5034101 55383 <0.001
Hypertension (%) 143 290 <0.001 8.2 29 <0.001
Smoking history (%) 57.9 643 0.006 7.5 62 0201
Alcohol history (%) 68 105 0.002 07 03 0.446
Regular exercise habits (%) 48.4 456 0228 472 510 0.061
Menstruation in female (%) = e - 47.9 27.8 <0.001
Systolic BP (mmHg) 1211 £16.0 126.4 £ 16.6 <0.001 1135£172 124.4 £ 185 <0.001
Diastolic BP (mmHg) 768+ 10.4 792+ 10.3 <0.001 69.6+10.2 74.1£10.3 <0.001
Body height (cm) 169.0 6.3 167.6 6.1 <0.001 157156 1559452 <0.001
Body weight (Kg) 70.8 £ 10.5 752+ 12.4 <0.001 574£89 624:£97 <0.001
Waist circumference (cm) 86.4+8.5 916 £9.0 <0.001 80.0£9.1 865+92 <0.001
Hip circumference (cm) 96.8+6.2 987£72 <0.001 947 £67 972£72 <0.001

Laboratory parameters

Fasting glucose (mg/dL) 93.9+7.2 1028 £9.8 <0.001 90.5+7.0 100.5 £ 10.0 <0.001
HbAlc (%) 5574033 6.0140.29 <0.001 5.54£0.33 6.04 4 0.28 <0.001
Hemoglobin (g/dL) 15.0£1.1 151+£13 0.118 130+ 1.3 133+£12 <0.001
Triglyceride (mg/dL) 127.3£90.8 181.9 £ 168.5 <0.001 96.9 £58.6 1423 £95.4 <0.001
Total cholesterol (mg/dL) 1924 £33.8 197.6 £ 38.1 0.001 197.1£352 207.3 £36.0 <0.001
HDL-C (mg/dL) 48.8 £ 11.1 438£89 <0.001 585+ 13.0 524116 <0.001
LDL-C (mg/dL) 123.0£30.8 1263 £34.2 0.023 121.0£31.3 1309 £33.1 <0.001
eGFR (mL/min/1.73 m?) 99.2+19.8 96.9 +20.6 0.018 114.9 £25.7 1129£24.1 0.041

Uricacid (mg/dL) 65+1.3 69+£15 <0.001 49+1.1 55+ 1.1 <0.001

Obesity-related indices

BMI (kg/m?) 248%3.1 267 £3.6 <0.001 23234 257437 <0.001
WHR 0.89 +0.05 0.93 +0.05 <0.001 0.84 £0.07 0.89 % 0.06 <0.001
WHIR 0.51%0.05 0.55 £ 0.05 <0.001 051 £0.06 0.56 = 0.06 <0.001
BRI 70£16 8.0£18 <0.001 63£18 7.7£20 <0.001
CI 1.23 £0.06 1.26 £ 0.06 <0.001 122 £0.08 1.26 £ 0.08 <0.001
BAI 26.1£3.0 275432 <0.001 302437 320£3.9 < 0.001
AVIL 152£29 170 £34 <0.001 13.1£29 152+£33 < 0.001
LAP 33.0+314 56.4 % 53.2 <0.001 257 £22.4 46.3£34.0 < 0.001
VAL L6£15 26+£32 <0.001 15£13 26+24 < 0.001

DM, diabetes mellitus; BR, blood pressure; HbAL, glycosylated hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; ¢GFR, estimated
glomerular filtration rate; BMI body mass index; WHR, waist-hip ratio; WHIR, waist-to-height ratio; BRI, body roundness index; CI, conicity index; BAI, body adiposity index; AVI, abdominal
volume index; LAP, lipid accumulation product; VAL visceral adiposity index.
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Obesity-related indices Male (n = 8,334) Female (n = 16,012)

Multivariable Multivariable
95% confidence 95% confidence
interval interval
BMI (per 1 kg/m?)* 1.140 1.105-1.175 <0.001 1.099 1.073-1.125 <0.001
WHR (per 0.01)* 1.082 1.061-1.104 <0.001 1.051 1.037-1.065 <0.001
WHIR (per 0.01)* 1.088 1.066-1.110 <0.001 1.056 1.041-1.070 <0.001
BRI (per 1) 1.263 1.193-1.337 <0.001 1171 1.123-1.221 <0.001
CI (per 0.1 1425 1.208-1.682 <0.001 1233 1.118-1.359 <0.001
BAI (per 1)* 1.082 1.048-1.117 <0.001 1.043 1.022-1.066 <0.001
AVI (per 1)* 1124 1.089-1.159 <0.001 1.095 1.068-1.123 <0.001
LAP (log per 1) 8.951 5.454-14.689 <0.001 8.687 5.782-13.052 <0.001
VAI (log per 1)¢ 9.104 6.141-13.497 <0.001 6629 4864-9.035 <0.001

Values expressed as odds ratio (OR) and 95% confidence interval. DM, diabetes mellitus; BMI, body mass index; WHR, waist-hip ratio; WHER, waist-to-height ratio; BRI, body roundness index;
CI, conicity index; BAIL, body adiposity index; AVI, abdominal volume index; LAP, lipid accumulation product; VAL, visceral adiposity index. *Covariates in the multivariable model included age,
hypertension, smoking and alcohol history, systolic and diastolic BPs, hemoglobin, triglyceride, total cholesterol, HDL-C, LDL-C, ¢GFR and uric acid in male (significant variables in Table 2); age,
hypertension, menstruation status, systolic and diastolic BPs, hemoglobin, triglyceride, total cholesterol, HDL-C, LDL-C, ¢GFR and uric acid in female (significant variables in Table 2).

bCovariates as *Covariates, except for triglyceride.

<Covariates as * Covariates, except for triglyceride and HDL-C.
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Characteristics Male Female

(n=8,334) (n=16,012)

Age (year) 506+ 11.0 50.5%10.1 0.376
Hypertension (%) 15.1 8.8 <0.001
Smoking history (%) 582 75 <0.001
Alcohol history (%) 7.0 0.7 <0.001
Regular exercise habits (%) 483 474 0.188
Menstruation in female (%) = 471

Systolic BP (mmHg) 121.4 £ 16.1 1139 £174 <0.001
Diastolic BP (mmHg) 76.9 & 10.4 69.7£10.2 <0.001
Body height (cm) 168.9 6.2 1571456 <0.001
Body weight (Kg) 71.1£107 57.6 £9.0 <0.001
Waist circumference (cm) 86.7 £8.6 802+9.2 <0.001
Hip circumference (cm) 96.9+£63 948 £67 <0.001

Laboratory parameters

Fasting glucose (mg/dL) 94£76 90.9 +7.4 <0.001
HbAlc (%) 559+ 034 556+ 0.34 <0.001
Hemoglobin (g/dL) 150+ 1.1 130£13 <0.001
Triglyceride (mg/dL) 1304+ 97.8 98.7 £61.3 <0.001
Total cholesterol (mg/dL) 192.7 £ 34.0 19754353 <0.001
HDL-C (mg/dL) 485+ 11.0 58.3 % 13.0 <0.001
LDL-C (mg/dL) 12324310 1214 +314 <0.001
€GER (mL/min/1.73 m?) 99.1£19.8 114.82 £256 <0.001
Uric acid (mg/dL) 65+ 14 49% 11 <0.001
Obesity-related indices

BMI (kg/m?) 249433 233434 <0.001
WHR (%) 89.4+5.4 84566 <0.001
WHIR (%) 514 %51 51161 <0.001
BRI 7016 6418 <0.001
a 123 £0.06 122+ 0.09 <0.001
BAI 262£3.0 30238 <0.001
AVI 153%£3.0 13230 <0.001
LAP 344£335 2654233 <0.001
VAL 17£17 16+ 14 <0.001

DM, diabetes mellitus; BP, blood pressure; HbAlc, glycosylated hemoglobin Alc; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated
glomerular filtration rate; BMI, body mass index; WHR, waist-hip ratio; WHIR, waist-to-height
ratio; BRI, body roundness index; CI, conicity index; BAI, body adiposity index; AVI, abdominal
volume index; LAP, lipid accumulation product; VAL visceral adiposity index.
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Jogging/running; 3 times/week; Progressive exercise
Alvarez 460+ program intervals interspersed with recovery periods of 50

1 2016 13 0 16 10 0 16 Non- isi &
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heart rate of their age predicted.
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Medication intake (Control: LVHIIT), n

Alvarez et al.

‘Winding et al.

Afousi et al.

‘Way et al.

Li et al.

Metformin 10:13; Glibenclamide 8:12; ACE inhibitor 3:3; Levothyroxine 1:1.

Metformin 6:1; DPP-4 inhibitor 0:3; Sulfonylureas 1:3; GLP-1 analogues 1:2.

Diuretic 8:9; ACE inhibitors 5:4; Angiotensin blockers 4:3; Metformin10:9;
Sulfonylureas 8:8; DPP-4 inhibitors 4:6; Statins 7:8.

Anti-Hyperglycemic 12:11; Anti-Hypertensive 8:6; Lipid Lowering 5:7.

Metformin 7:6; Sulfonylureas 3:3; DPP-4 inhibitors 2:3; Alpha-glucosidase inhibitor0:1.
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ty-related indices AU
confidence interval)
BMI (kg/m?) 0.700 (0.680-0.720)* 24.008 652 652 0304
WHR 0.693 (0.673-0.713)* 0.864 643 644 0.287
WH®R 0.710 (0.691-0.729)* 0529 66.0 66.0 0320
BRI 0.708 (0.689-0.727)* 6753 652 65.1 0303
a 0.630 (0.609-0.651)* 1229 58.6 58.6 0172
BAI 0.642 (0.620-0.663)* 30.689 602 602 0204
AVI 0.698 (0.679-0.717)* 13.792 64.8 648 0296
LAP 0.744 (0.725-0.762)* 27.819 67.5 67.5 0350
VAL 0.710 (0.690-0.729)* 1.495 652 652 0304

*p < 0.001. Abbreviations are the same as in Table 1. DM, diabetes mellitus; BMI, body mass index; WHR, waist-hip ratio; WHR, waist-to-height ratio; BRI, body roundness index; CI, conicity
index; BAI, body adiposity index; AVI, abdominal volume index; LAP, lipid accumulation product; VAL, visceral adiposity index.
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ty-related indices AU
confidence interval)
BMI (kg/m?) 0.660 (0.635-0.685)* 25287 60.1 60.0 0202
WHR 0.683 (0.659-0.707)* 0.908 62.8 628 0.256
WH®R 0.684 (0.661-0.708)* 0.526 62.8 627 0255
BRI 0.677 (0.653-0.701)* 7.312 620 62.0 0240
a 0.630 (0.605-0.655)* 1242 592 592 0.184
BAI 0.626 (0.600-0.652)* 26,676 592 502 0.184
AVI 0.661 (0.637-0.685)* 15712 613 613 0226
LAP 0.692 (0.668-0.716) * 32,649 64.1 64.1 0282
VAL 0.671 (0.647-0.696)* 1549 634 633 0267

*p < 0.001. DM, diabetes mellitus; BMI, body mass index; WHR, waist-hip ratio; WHIR, waist-to-height ratio; BRI, body roundness index; CI, conicity index; BAL body adiposity index; AVI,

abdominal volume index; LAP, lipid accumulation product; VAL visceral adiposity index.






