

[image: Cover of "New trends in type 2 diabetes diagnosis and management in primary care, volume II," edited by Aleksandra Klišić and I-Shiang Tzeng. Published in Frontiers in Medicine and Frontiers in Public Health. The bottom image shows a person in blue gloves handling test tubes in a lab setting.]





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 978-2-8325-7227-6
DOI 10.3389/978-2-8325-7227-6

Generative AI statement

Any alternative text (Alt text) provided alongside figures in the articles in this ebook has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.

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





New trends in type 2 diabetes diagnosis and management in primary care, volume II

Topic editors

Aleksandra Klisic – Primary Health Care Center Podgorica, Montenegro

I-Shiang Tzeng – National Taipei University, Taiwan

Citation

Klisic, A., Tzeng, I.-S., eds. (2025). New trends in type 2 diabetes diagnosis and management in primary care, volume II. Lausanne: Frontiers Media SA. doi: 10.3389/978-2-8325-7227-6





Table of Contents




A grounded theory research protocol on an attempt to practice interprofessional collaborative care by a primary care clinic health professional fresh graduate in diabetes care

Kelly Sze Fang Num, Azimatun Noor Aizuddin, Seng Fah Tong and Mohd Shahrir Mohamed Said

Effects of temporal changes in resting heart rate on future diabetes-related outcomes

Lu Gao, Guo-Hong Wang, Gang Wan, Qian Liu, Ming-zhao Qin, Fang Fang, Xue-li Cui, Yu-ling Li, Fei Sun, Xue-lian Zhang, Han-jing Fu and Shen-yuan Yuan

Effect of needle-free injection on psychological insulin resistance and insulin dosage in patients with type 2 diabetes

Weiping Wang, Lili Men, Yongbo Wang, Chunhong Shi, Huihui Yin, Han Li, Haicheng Zhou and Jianling Du

Case report: management of a young male patient with diabetic ketoacidosis and thyroid storm

Xiaoyu Huang, Yan Chen, Xinwei Huang and Jiahao Tang

Association between blood urea nitrogen to serum albumin ratio and in-hospital mortality in critical patients with diabetic ketoacidosis: a retrospective analysis of the eICU database

Hua Chen, Yufei Wang, Rong Ji and Minghui Li

Adherence to recommended diet among patients with diabetes mellitus type 2 on follow-up at Adama Hospital Medical College, Ethiopia

Saron Abose, Godana Arero Dassie, Abebe Megerso and Tesfaye Getachew Charkos

In-patient expenditure between 2011 and 2021 for patients with type 2 diabetes mellitus: a hospital-based multicenter retrospective study in southwest China

Yuxin He, Juntao Tan, Qingzhu Tan, Xiao Zhang, Yunyu Liu and Yang Tang

Valuable insights into general practice staff’s experiences and perspectives on AI-assisted diabetic retinopathy screening—An interview study

Malene Krogh, Malene Hentze, Morten Sig Ager Jensen, Martin Bach Jensen, Marie Germund Nielsen, Henrik Vorum and Jette Kolding Kristensen

Adherence to diabetic self-care management and associated factors among type 2 diabetic patients in North Shewa Zone public hospitals in Amhara Region, Ethiopia

Agizew Endale, Fitsum Hundessa, Eyasu Tamru, Fetene Nigussie and Minyahl Hailu

A study on predicting impaired fasting glucose risk in Chinese adults based on individual characteristics

Yijun Lin, Wenxu Wu, Xiaoyan Liang, Liping Zhou, Gan Li, Cuiling Kang, Wuzhen Li, Chunyi Huang and Feng Tian

Downsizing chronic disease management programs for type 2 diabetes patients during the COVID-19 pandemic: changes in healthcare utilization patterns

Corinne Rijpkema, Lotte Ramerman, Lilian Peters, Jean Muris, Tim Olde Hartman, Maarten Homburg, Isabelle Bos and Robert Verheij












	
	TYPE Methods
PUBLISHED 03 August 2023
DOI 10.3389/fmed.2023.1133948






A grounded theory research protocol on an attempt to practice interprofessional collaborative care by a primary care clinic health professional fresh graduate in diabetes care

Kelly Sze Fang Num1,2, Azimatun Noor Aizuddin1,3*, Seng Fah Tong4 and Mohd Shahrir Mohamed Said5


1Department of Public Health Medicine, Faculty of Medicine, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia

2Division of Nutrition and Dietetics, School of Health Sciences, International Medical University, Kuala Lumpur, Malaysia

3International Centre for Casemix and Clinical Coding, Hospital Canselor Tuanku Muhriz, Kuala Lumpur, Malaysia

4Department of Family Medicine, Faculty of Medicine, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia

5Department of Internal Medicine, Universiti Kebangsaan Malaysia Medical Center (UKMMC), Kuala Lumpur, Malaysia

[image: image2]

OPEN ACCESS

EDITED BY
Aleksandra Klisic, Primary Health Care Center Podgorica, Montenegro

REVIEWED BY
David Morgan, Portland State University, United States
 Sharon Brownie, Swinburne University of Technology, Australia

*CORRESPONDENCE
 Azimatun Noor Aizuddin, azimatunnoor@ppukm.ukm.edu.my

RECEIVED 24 March 2023
 ACCEPTED 06 July 2023
 PUBLISHED 03 August 2023

CITATION
 Num KSF, Aizuddin AN, Tong SF and Mohamed Said MS (2023) A grounded theory research protocol on an attempt to practice interprofessional collaborative care by a primary care clinic health professional fresh graduate in diabetes care. Front. Med. 10:1133948. doi: 10.3389/fmed.2023.1133948

COPYRIGHT
 © 2023 Num, Aizuddin, Tong and Mohamed Said. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Interprofessional collaborative care (IPCC) can improve the quality of care in patients with chronic diseases in primary care settings. In Malaysia, many medical and healthcare universities have adopted the concept of the interprofessional collaborative practice (IPCP) framework by the World Health Organization (WHO) and implemented interprofessional learning (IPL) in their curriculum to prepare fresh graduates for interprofessional collaboration (IPC) in the health workforce albeit in various degrees. However, there are potential challenges in putting what they have learned into practice, especially in managing chronic diseases due to the complexity of behavior changes required. Diabetes care is a classic example of such chronic disease management. This article presents a qualitative research protocol exploring the processes and challenges of fresh graduates attempting to practice IPC when managing diabetes mellitus (DM) in primary care clinics. A grounded theory (GT) approach will be adopted.
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1. Introduction

Interprofessional collaborative care (IPCC) improves the quality of care and outcomes in patients with chronic diseases in primary care settings (1–7). Nevertheless, the extent of implementing IPC care practices varies and fresh graduates face great challenges. IPC is a complex process, and it requires a variety of actors to interact in social, cultural, and professional healthcare systems, especially sharing the decision-making process around health and social issues (8–10). It may be possible to overcome some of these challenges through better training of healthcare providers during their undergraduate years so that they are prepared for interprofessional collaborative practice (IPCP) (11).

When fresh graduates enter the workforce, they face several challenges in adapting and practicing what had been learned and experienced in university from interprofessional learning (IPL) (12–14). The real-life workforce often comprises various professions of varying seniority and work experience. Teamwork is often advocated and practiced to varying degrees of success, depending on the leadership and team members' collaborative skills. While some might already acquire interprofessional collaborative skills from either previous training through work experience or both, others might not be practicing IPC at all, and the teams may merely delegate tasks among multi-professional teams without much interdependent work relationship. Thus, as fresh graduates join the real-life workforce, they encounter these different degrees of interprofessional collaborative practices. Knowing the concept of an actual interprofessional collaborative practice, fresh graduates might be puzzled over the difference between what they learned and encounter.

In Malaysia, medical and healthcare programs in universities have started to adopt the World Health Organization (WHO) IPCP Framework. The framework promoted IPL in the undergraduate curriculum. The curriculum is expected to prepare fresh graduates for IPCP in the health workforce (15–18). The IPL goal is to enable individual students to acquire knowledge, skills, and professional attitudes in ‘shared learning' through early contact with other professions (19, 20). The universities hope fresh graduates would be able to put into use various interprofessional skills they acquired during training. Given the challenges of the real-life workforce explained above, the transition from university interprofessional (IP) experience to work IP experience is worth examining to prepare students better for real-life IP work challenges. Therefore, this protocol focuses on how fresh graduate health professionals attempt to practice IPC when managing DM in a primary care setting and whether IPL experiences during undergraduate training influence the process of practicing IPC by these fresh graduate health professionals.



2. Methods


2.1. Research design

In health and social sciences, grounded theory (GT) is widely used to generate theoretical accounts of social phenomena which was developed by sociologists Glaser and Strauss (21). Unlike any other qualitative approaches, such as a case study or phenomenology where the bounded phenomena of interest or cultural understanding of a phenomenon are explored, GT methodology examines the processes of human actions and behavior from the data without predetermined concepts; the concerns of those involved are central to its understanding (21–24). This is in line with our research where we explore the processes and challenges of our primary care clinic fresh graduates health professionals who are managing DM on how they attempt to practice IPC at work. This method has its basis in symbolic interactionism where we assume individuals act on the meaning they assign to an object (e.g., social, attitude, behavior, belief, workplace, colleagues, and job demand) they interact with (25, 26).



2.2. Research team

This research comprises a dietitian (the first author) and three academic clinician-researchers with expertise in the interprofessional topic and research methodology. This research will be coordinated by the first author, a PhD candidate, with 11 years of academic working experience as a dietetics lecturer, who wants to know what is taught to students on interprofessional education and learning in the curriculum as it is translated into the real workforce. The second, third, and fourth authors are experienced academicians with backgrounds in medical and interprofessional education. Additionally, the third author has substantial qualitative research experience, including GT. Data will be analyzed and discussed by this research team (i.e., the authors).



2.3. Setting and participants

The research settings will involve public and university primary care clinics. These clinics provide services to people with chronic diseases such as diabetes mellitus, hypertension, and hyperlipidemia. Patients with such conditions will pay a visit to primary care clinics to obtain the first level of treatment rather than tertiary outpatient clinics in the hospitals. In Malaysia, the health professionals involved in diabetes care are primary care practitioners, dietitians, diabetes educators, and pharmacists (27). We intend to recruit junior medical officers, dietitians, nurses, diabetes educators, pharmacists, podiatrists, occupational therapists, and physiotherapists. The eligibility criteria for research participants are those who are Malaysians, who are working full time and have been in the workforce for a duration from 6 months to 5 years, who are managing and consulting diabetes care, who had not received any postgraduate degree, who are willing to have their voice and video recorded, and who have provided consent.

During the initial period, participants who fulfilled the relevant research objectives criteria will be recruited purposively. Theoretical sampling will be engaged where the data from a specific group of research participants are collected to further develop and refine the properties of the theory categories until no new theory emerges (28). Approximately 25 participants consisting of fresh graduate health professionals who manage DM care working in primary care clinics will be recruited for data collection for both in-depth interviews (IDI) and focus group discussions (FGD). The number of participants has been suggested by (23), a renowned grounded theorist, which we suppose may suffice for small-size studies to achieve theoretical saturation.



2.4. Data collection

The data collection method for this research will involve IDI, FGDs, and participant observation based on the consolidated criteria for reporting qualitative research (COREQ). In the IDI, an in-depth semi-structured interviewing method will be conducted on individual participants by the first author. Individual participants will be asked open-ended questions. The interview questions aim to stimulate participants to freely describe and explain their understanding of IPC, their experiences in IPL during their undergraduate studies, and the processes of practicing IPC in their work setting. Participants would be encouraged to “think aloud.” When necessary, participants will be probed during the interview without deviating from the research objective. Depending on participants' preferences and conveniences, a face-to-face or online web interview will be conducted. Permission to voice or video record will be obtained from the participants. The duration of an interview session will be approximately 45 minutes until an hour.

Two to three focus group meetings will be conducted as our second data source. A semi-structured interview guide will be created to structure the focus group meeting discussions. The interview guide consists of interview questions that will be constructed after the completion of IDIs. These questions will be further used as the extension of completed IDI data analysis findings. Through this method, we aimed to gain more in-depth knowledge and understanding of IPC and participants' practices from the perspective of a collective voice. Permission to voice or video record will be obtained, and the FGDs are expected to run for an hour to 1.5 hours. Similar to IDI, the focus group meetings will be conducted by either face-to-face or online web interviews, depending on participants' preferences and convenience. We will continuously recruit and conduct new rounds of interviews with new participants and previous participants while analyzing the data. We will also be flexible in our recruiting criteria based on what we learn but adhere to the research inclusion and exclusion criteria.

In the last data source, non-participatory observations would be conducted while the participants are at their workplace, carrying out their daily duty after the completion of FGDs data analysis. The purpose of observations is to immerse into the world to investigate and gain knowledge within the research project world (29). We will be able to experience the reality and discover further if there are any additional data for IDIs and FGDs (30). During observations, the phenomenon will be recorded, which participants might not be aware of or be unable to articulate the crucial details during IDIs and FGDs. Intermittent questions will be asked to explore the fundamental aspects of the research or any unclear situations or any situations which are inconsistent with what was reported in the interviews. The discreet annotation will be taken on participants' work settings, conversations, and actions as additional interaction information.

Interviews and discussions from IDIs and FGDs conducted in English will be transcribed verbatim using NVIVO 10 version. Those interviews in the Malay language will be translated and transcribed into the English language verbatim. Audio or video recordings of non-English interviews will be audited by another expert party to ensure the accuracy of the translated data and cultural understanding. All transcripts from all data sources will be checked against the recordings to ensure content accuracy.



2.5. Data analysis

Data collection and analysis will be conducted concurrently as part of the GT approach. There will be a repetitive process of data collection, coding of the transcripts, comparison, memoing, classification, and writing. Triangulation of data from IDIs, FGDs, and participant observations will be conducted. There will be three phases of coding, and constant comparison techniques will be applied throughout these coding processes. For the coding of the transcripts, we will continue to use the coding software NVIVO 10.

In the first phase, open coding will be conducted. This involves fracturing or breaking down the data into discrete parts and comparing them to develop information categories at a later stage (21, 23, 30). In this phase, we will select excerpts from the transcript through line-by-line reading and memos written on particularly interesting codes (23). Elements of the text that represent common concepts will be identified and then given a label or code (30).

In the second phase, axial coding will be conducted. We will identify the interrelationships between the concepts to create the main and subcategories of the codes generated from the axial coding phase by looking for recurring action about the “phenomenon,” “interaction,” and “group, individual, and collective” elements (30). To ensure our codes are compatible, the generated codes and data will be constantly compared during the coding process.

A discursive set of theoretical propositions will be formed in the final phase through theoretical coding and saturation. It will involve identifying a single-core category, and the theory will be consolidated (30). The theory will be discovered through this single-core category which can define and draw all the codes, sub, and main categories together.

Throughout the research, memos will be used to prompt and capture any reflections on the data. The memos will include operational processes relating to data collection and conceptual notes during the coding processes. The three data sources will be cross-checked to meet the credibility, appropriateness, accuracy, and confirmability criteria. Research rigor or trustworthiness would be ensured throughout the research with regular meetings with the research team (29). The research team will discuss and monitor the ongoing data collection and analysis, memo reflection, and resolve any discordance in the coding process.



2.6. Ethical consideration

Ethical approval has been obtained from the University Kebangsaan Malaysia Medical Research Ethics Board (JEP-2021-639) and the Ethics and Medical Research Committee, the Ministry of Health Malaysia [NMRR-21-1646-60768 (IIR)]. We will seek written consent from the participants to be interviewed, audio or video recorded, and observed before each IDI or FGD or participant observation. Each participant will be briefed on the purpose of the research, the data collection processes, and the expectations from them. Assurance will be given to participants that their identities are adequately protected, and the data will be kept strictly confidential. Participants are allowed to freely withdraw at any period during the research.




3. Discussion


3.1. Implication and usage

The IPCP involves more than one health professional from different professions working together with each other, patients, and families to coordinate and deliver comprehensive care plans (31). Practicing IPCP involves an interactive process of joining action among individuals (25, 26, 32, 33). Individuals are constantly engaged in “mindful action,” which constructs and negotiates the meaning of situations before an interaction happens. Furthermore, individuals' interactive behavior changes within a social environment based on the ongoing construction of these meanings. Social symbols are assigned based on these meanings. The social symbols could be the system, person, and things that arise from the constant interactions with one another. To investigate these interactions, the GT approach was selected because the GT approach focuses on the complex social processes such as social relationships and behaviors of groups through the construction of the meaning of the symbol (32). GT emphasizes the interaction between factors which can identify patterns of association between factors on the ground compared with abstract correlations through quantitative surveys since data will be obtained through the sufficient depth of actual individual's life actions and experiences (21). Furthermore, the GT approach allows the construction of a substantive framework based on the data rather than predefined past concepts. Past concepts and literature must earn their way to the framework as the substantive framework being constructed. The GT method has its limitations. Each coding stage in GT will be invariably time-consuming as it requires attention to all data and involves constant comparisons. Hence, the process is deemed slow. Furthermore, the GT method focuses more on an individual's action and less on examining the issues in an organization, which necessitates a case-study design. Nevertheless, it is our interest to focus on individual perspectives for the betterment of IPL design in undergraduate curriculum.

Technically, GT offers a systematic step to construct a framework explaining the process. From this research process, we hope to understand fresh graduates' challenges when translating what they have learned during their university studies or practicum experiences into day-to-day practice. Meanwhile, we hope that the findings from this research through the generated categories will form a framework showing the interrelationships of collaborative processes factors when fresh graduate primary care health professionals manage diabetes care in clinics. This framework will then function as a guideline and quality improvement to empower primary care fresh graduates to practice IPC successfully in their practice. We also hope that there are potential areas that emerged from the research findings to focus on while crafting interprofessional education and learning structure in medical and health sciences curricula that aimed to better prepare our fresh graduate health professionals for IPCP.
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Background and aims

Most studies have analyzed the relationship between resting heart rate (RHR) measured at only one time point and future clinical events. The current study aims to investigate the impact of long-term RHR changes on future clinical outcomes in a decade-long cohort with type 2 diabetes mellitus (T2DM).





Methods

The two-staged follow-up involved 2,513 T2DM participants. The first stage (2008-2014) intended to identify levels and trends in RHR changes, while the second stage (2014-2018) attempted to collect new occurrence records of clinical results. Cox proportional hazards models were applied to predict hazard ratios (HRs), along with 95% confidence interval (CI) for the correlation between RHR changes and future events.





Results

There is no significant correlation between baseline RHR levels and long-term clinical events. According to the range of RHR change, compared with the stable RHR group, the adjusted HRs for cardiovascular events and all-cause death in the large increase group were 3.40 (95% CI: 1.33-8.71, p=0.010) and 3.22 (95% CI: 1.07-9.64, p=0.037), respectively. While the adjusted HRs for all-cause death and major adverse cardiac and cerebrovascular events (MACCE) in the moderate decrease group were 0.55 (95% CI: 0.31-0.96, p=0.037) and 0.51 (95% CI: 0.26-0.98, p=0.046). According to the trend of RHR, compared with the normal-normal group, the adjusted HRs for composite endpoint events and cerebrovascular events in the normal-high group were 1.64 (95% CI: 1.00-2.68, p=0.047) and 2.82 (95% CI: 1.03-7.76, p=0.043), respectively.





Conclusion

Changes in RHR had predictive value for long-term clinical events in diabetic populations. Individuals with significantly elevated RHR over a particular period of time showed an increased risk of adverse events.





Keywords: resting heart rate, change, long-term, clinical outcomes, type 2 diabetes mellitus





Introduction

Individuals with type 2 diabetes (T2DM) form a large and ever-increasing population, whose risk of cardiovascular events and mortality has been rising rapidly. Studies have indicated that diabetes makes it twice as likely for the risk of mortality and an array of vascular diseases compared with non-diabetic individuals (1). T2DM patients may constitute a significant part of the overall burden of cardiovascular disease (CVD). It is therefore a key issue to identify before timely intervening the risk factors of complications of diabetes.

Resting heart rate (RHR) is a non-invasively measured marker of cardiac function and a strong and positive sign of general health (2). Elevated RHR has been confirmed to have an association with increased cardiovascular events and mortality. Such a link has been well-documented in apparently healthy people (3) and other individuals found in disease-specific populations, including hypertension (4), coronary heart disease (5, 6) and heart failure (7). Most of the current data are based on research on the correlation between RHR gauged at a particular time slot and subsequent CVD events. However, RHR does not remain stable throughout a lifetime; rather, it is a variable that changes in reaction to the interplay of genes and environmental causes, physical activity, clinical conditions and medical therapies.

For this reason, whether temporal changes in RHR have predictive value for long-term future events has stood out as an intriguing and crucial issue. Having said that, research on the relationship between long-term longitudinal trends of RHR and future clinical results is still far from abundant, not to mention research within the context of T2DM population. We thus aimed to categorize long-term RHR changes and evaluate their impact on future clinical outcomes in a cohort lasting 10 years, focusing on Chinese T2DM patients from a metropolitan city.





Materials and methods




Study population

The Beijing Community Diabetes Study (BCDS) is a prospective cohort study with participants from 15 community service centers in 5 local districts. To ensure consistent implementation of research processes across all health centers, all staff members underwent professional training, with frequent on-spot checks of clinical and laboratory examinations from experienced inspectors. A total of 4,256 T2DM patients (aged 20 to 80) who had lived locally for 5 years or longer were recruited for the study, being identified through screening of patient records. They were followed up annually for as long as 10 years (2008-2018), during which questionnaire surveys, physical examinations and biochemical indicators were all conducted, apart from electrocardiogram examinations. Considering that most clinical outcomes took place after 2014 (81%), we separated the decade-long follow-up into two stages for current data analysis to evaluate the impact of RHR and long-term RHR changes on future clinical outcomes. The first stage (2008-2014) intended to determine the patterns of RHR change, while the second stage (2014-2018) was designed to collect records of future clinical events related to diabetes.

Participants with no RHR records and having a history of atrial fibrillation, atrial flutter, supraventricular tachycardia, ventricular tachycardia, pacemaker implantation and sick sinus syndrome during enrollment were excluded (n=93). Participants who did not have 2014 RHR records, missed outcome data or did not complete the entire follow-up were ruled out (n=1544). Those with clinical outcomes occurring in the first stage (2008-2014) were also excluded (n=96). Finally, 2,513 T2DM patients were included in the study (Figure 1).

[image: Flowchart depicting the selection process for T2DM patients from the BCDS study, starting with an initial sample of 4256. Exclusions based on missing data or conditions include 1554 with missing data on RHR in 2014, 93 with pre-existing conditions or missing data in 2008, and 96 due to clinical outcomes between 2008 and 2014. The final sample consists of 2513 individuals.]
Figure 1 | Flowchart of the BCDS study.





Ethics approval and consent to participate

The study was conducted with the approval from the Ethics Committee of Beijing Tongren Hospital, Capital Medical University. Written informed consent was obtained from each participant.





Data collection

Each participant was given a standardized examination. Statistics in terms of age, smoking, level of education, concomitant disease and medication were acquired with detailed medical records. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2). Waist circumference (WC) was measured at the level of the umbilicus in cm. Blood pressure (BP) was measured 3 times when participants were seated, and the average of the last 2 measurements was adopted. Blood samples were collected after an overnight fast for the determination of plasma glucose, HbA1c, total cholesterol (TC), triglycerides (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) concentrations and serum creatinine (Scr). GFR was estimated by using the modified MDRD formula for Chinese patients (8): eGFR (ml/min/1.73m2) = 175 × Scr−1.234 × age−0.179 × 0.79 (if female). All of the above were clinically measured by trained staff.





Definition of clinical and biochemical variables

T2DM was defined according to the criteria of the WHO (1999) (9). The cutoff for diabetes is glucose level ≥7 mmol/l for fasting and ≥11.1 mmol/l for 2 hours (2h PG) or history of diabetes mellitus or taking antidiabetic medications. Diagnosis of hypertension was based on meeting any of the following criteria: systolic blood pressure (SBP) of ≥140 mmHg, diastolic blood pressure (DBP) of ≥90 mmHg or current use of antihypertensive drugs (10). Educational level was categorized into two groups: low (illiteracy, primary or secondary school) and high (high school, college or university). Smokers were defined as those who had smoked ≥1 cigarette/day for at least 12 months.





Measurement of resting heart rate

After recumbent resting for 10 minutes in a quiet environment, all subjects underwent routine 12 lead electrocardiogram examination, followed by 10 cardiac cycles recorded in lead II. The average R-R interval was used to calculate RHR.





Outcome ascertainment

Outcomes included all-cause death, cardiovascular events (acute myocardial infarction, coronary artery bypass grafting, coronary stent, unstable angina pectoris, hospitalization for heart failure and installation of cardiac pacemaker), cerebrovascular events (cerebral hemorrhage, cerebral infarction, transient ischemic attack and subarachnoid hemorrhage), major adverse cardiac and cerebrovascular events (MACCE) (recurrent myocardial infarction, new heart failure, intractable angina, cardiac death, stroke and cerebrovascular death), renal events (new-onset proteinuria, microalbuminuria turning into macroalbuminuria, doubling of the serum creatinine level and dialysis) and composite endpoint events (all-cause death, cardiovascular events, cerebrovascular events and renal events). All events occurred from 2014 to 2018. All outcomes are adjudicated by an independent committee responsible for verifying data and events based on outcome criteria.





Statistical analysis

The baseline recorded RHR was categorized as <60 bpm, 60–69 bpm, 70–79 bpm, 80–89 bpm and >=90 bpm, consistent with previous publications (5, 11). Due to small sizes of the <60 bpm and >=90 bpm groups (23 and 13 subjects respectively), however, we merged <60 bpm group and 60–69 bpm group into <70 bpm group, as well as the >=90 bpm group and 80–89 bpm group into >=80 bpm group. Therefore, baseline RHR was categorized as three groups based on numerical magnitude: <70bpm, 70–79 bpm and >=80 bpm. In the second analysis, the associations between change in RHR (difference between the second recorded RHR and the baseline recorded RHR) and diabetes-related clinical events were assessed. With reference to the range of numerical change between the two recorded RHRs, temporal change of RHR can be divided into five groups: large decrease (over 15 bpm), moderate decrease (6-15 bpm), stable RHR (-5-+5bpm), moderate increase (6-15 bpm) and large increase (over 15 bpm), consistent with a previous publication (12). Participants with a stable RHR were used as the reference group. In addition, analyses were performed with RHR as a dichotomous variable, above and below 70 bpm as used in previous studies (11, 13), RHRs of 70 bpm or lower are considered normal, while RHRs greater than 70 bpm are considered high. According to the baseline and second recorded RHR trends, as used Participants were thus divided into four groups: normal-normal, normal-high, high-normal and high-high. For the discrete variables or the continuous variables without a normal distribution, the median (P25–P75) was reported. Comparison of variables among groups was performed using the Kruskal–Wallis and one-way ANOVA. In the meantime, distribution of discrete/qualitative variables was compared by Pearson chi-square test.

Cox proportional hazards models were used to estimate crude and adjusted hazard ratio (HR) with the 95% confidence interval (CI) to allow for differences between groups with respect to demographic and risk factors and control for potentially confounding variables. All potential confounders were included in the models, all measured at baseline: age, sex, the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use, β receptor blocker use, SBP, DBP, TC, HbA1c and eGFR.

Two-sided P-values were reported for all analyses. A p-value of less than 0.05 was considered statistically significant. All statistical analyses were conducted with SAS software (version 9.2; SAS Institute Inc., Cary, NC, USA).






Results




Demographic and biochemical parameters in the baseline

Demographic and biochemical parameters in the baseline are shown in Table 1. Statistical differences were registered from the three groups regarding clinical characteristics (age, levels of waist circumference, SBP, DBP, FPG, HbA1c, TC and eGFR, and the percentage of male, smoking, Metformin, ACEI and β receptor blockers use). The proportions of male and smoking in >=80 group were substantially higher than those in the other two groups, whereas the proportions of ACEI and β receptor blockers use were significantly lower. The levels of age and eGFR in >=80 group were considerably lower than those in <70 group and 70-79 group, while the levels of waist circumference, SBP, DBP, FPG, HbA1c and TC were significantly higher.

Table 1 | Demographic and biochemical parameters of the three groups in the baseline.


[image: Table displaying comparisons of various health parameters across different baseline resting heart rate (RHR) categories: RHR < 70 bpm, RHR 70–79 bpm, and RHR ≥ 80 bpm. It includes data on demographics, medical history, medication use, and various health metrics such as BMI, blood pressure, and cholesterol levels. Statistical significance (P-values) indicates differences between groups. Key data features SE, median, or percentage measurements.]




Grouping according to the two patterns of RHR change and comparison of their baseline characteristics

With reference to the range of numerical change between the second recorded RHR and the baseline recorded RHR, there were statistical discrepancies among the five groups in the proportion of ACEI use and the levels of the duration of diabetes, SBP, DBP, FPG, HbA1c, UAER and eGFR (Table 2).

Table 2 | Demographic and biochemical parameters of the groups according to the range of RHR change in the baseline.


[image: Table illustrating changes in resting heart rate (RHR) categories in beats per minute (bpm) across different factors. Categories include large decrease, moderate decrease, stable RHR, moderate increase, and large increase. Factors analyzed include demographics, medical history, and medication use, with variables such as age, sex, smoking status, body mass index, blood pressure, and cholesterol levels. The table also shows p-values indicating statistical significance.]
According to the baseline and second recorded RHR trends, statistically significant differences were seen with the four groups in the proportion of males, smoking and diuretic use, as well as the levels of age, SBP, DBP, FPG, HbA1c and TC (Table 3).

Table 3 | Demographic and biochemical parameters of the groups according to the trend of RHR change in the baseline.


[image: Table of changes in resting heart rate (RHR) categories in beats per minute (bpm) across four groups: normal-normal, normal-high, high-normal, and high-high. It includes data on number of individuals, age, gender, educational level, smoking status, duration of diabetes, hypertension, cardiovascular history, medication usage, body mass index, waist circumference, blood pressure, fasting and two-hour glucose levels, cholesterol levels, urinary albumin excretion rate, and estimated glomerular filtration rate. Significance values (p-values) are shown for each variable.]




The cumulative incidence rate of diabetes-related clinical events between 2014 and 2018

The cumulative incidence rate of diabetes-related clinical events from 2014 to 2018 is shown in Figure 1. Out of 2,513 T2DM subjects, 106 cases suffered from all-cause death including 34 cardiac deaths, 14 cerebrovascular deaths and 58 deaths from other causes. There were 409 composite endpoint events, 143 MACCEs, 138 cardiovascular events, 98 cerebrovascular events and 117 renal events. There were no statistical differences in the incidence rate of various clinical events among the three groups (<70 group, 70-79 group and >=80 group), as shown in Figure 2A.

[image: Three bar graphs labeled A, B, and C depict endpoint event ratios for various health conditions, such as cardiovascular and renal events. Graph A compares heart rates: <70 bpm, 70-79 bpm, and ≥80 bpm. Graph B assesses event ratios across categories like large increase and moderate decrease in resting heart rate (RHR). Graph C contrasts combinations of normal and high values.]
Figure 2 | Cumulative incidence of diabetes-related clinical outcomes in T2DM patients from 2014 to 2018. (A) Comparison of prevalence of diabetes-related clinical outcomes between RHR<70 group, RHR 70-79 group and RHR>=80 group. (B) Comparison of prevalence of diabetes-related clinical outcomes between groups grouped according to the range of RHR change (large decrease group, moderate decrease group, stable RHR group, moderate increase group and large increase group). (C) Comparison of prevalence of diabetes-related clinical outcomes between groups grouped according to the trend of RHR change (normal-normal group, normal-high group, high-normal group and high-high group). P<0.05 was considered statistically significant.

Grouped according to the range of RHR change and compared with the stable group, the large increase group, large decrease group and moderate decrease group had a significantly higher incidence of all-cause death, and the moderate increase group and moderate decrease group had a significantly higher incidence of renal events (both p< 0.001), as shown in Figure 2B. Grouped according to the trend of RHR change and compared with the normal-normal group, both the high-normal group and the high-high group had a significantly higher incidence of composite endpoint events and cerebrovascular events, and the normal-high group also had a significantly higher incidence of composite endpoint (both p< 0.001), as shown in Figure 2C.





Cox proportional hazards models of the baseline RHR and the long-term RHR changes with future diabetes-related clinical outcomes

The Cox proportional hazards models of baseline RHR with future diabetes-related clinical outcomes were shown in Figure 3. In unadjusted analysis (Model 1), the risk of cerebrovascular events in 70-79 group and >=80 group were greater than that in <70 group, with HR (95% CI) of 1.88 (1.03-3.43), P=0.0039] and HR (95% CI): 2.09 (1.06-4.11), P=0.032], respectively. After modifying for age and gender (Model 2), the increase in risk remained statistically significant, as HR (95% CI): 1.88 (1.03-3.44), P=0.038] and HR (95% CI): 2.11 (1.07-4.18), P=0.030], respectively. However, after we further adjusted the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use, β receptor blocker use, SBP, DBP, TC, HbA1c and eGFR (Model 3), those differences became insignificant (P>0.05). For other clinical events, no significant difference was found among the three groups.

[image: Forest plot consisting of eight panels labeled A to H, each analyzing different medical outcomes against three heart rate models (≥80 bpm, 70-79 bpm, <70 bpm). Panel A represents composite endpoint events, B shows major adverse cardiovascular events, C covers cardiovascular events, D refers to cardiovascular deaths, E illustrates cerebrovascular events, F depicts cerebrovascular deaths, G shows renal events, and H focuses on all-cause death. Each panel features data points with confidence intervals plotted on a logarithmic scale ranging from 1 to 10, except panel F, which ranges from 1 to 100.]
Figure 3 | The Cox proportional hazards models of baseline RHR with future diabetes-related clinical outcomes (A-H). Using the Entry method; crude and adjusted hazard ratios (HRs) with the 95% confidence intervals (CIs) given. Model 1 is an unadjusted analysis. Adjustment variables included age and gender in Model 2. In Model 3, the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use, β receptor blocker use, SBP, DBP, TC, HbA1c and eGFR were also considered other adjustment variables and were thus added to Model 2.

The Cox proportional hazards models of the range of RHR change with future clinical outcomes were shown in Figure 4. Compared with the stable RHR group, after unadjustment (Model 1), adjustment for age and gender (Model 2) and further adjustment for some conventional risk factors and the average RHR (Model 3), the risk of cardiovascular events and all-cause death in the large increase group remained significantly high, with HR of 3.40 (1.33-8.71, P=0.010) and 3.22 (1.07-9.64, P=0.037), respectively; The risk of MACCE and all-cause death in the moderate decrease group remained significantly low, with HR of 0.51 (0.26-0.98, P=0.046) and 0.55 (0.31-0.96, P=0.037), respectively.

[image: Eight forest plots displaying the impact of variables on different health outcomes: composite endpoint events (A), MACCE (B), cardiovascular events (C), cardiovascular death (D), cerebrovascular events (E), cerebrovascular death (F), renal events (G), and all-cause death (H). Each plot compares three models with variables categorized as large increase, moderate increase, stable RHR, moderate decrease, and large decrease, plotted on a logarithmic scale from one to ten.]
Figure 4 | The Cox proportional hazards models of the range of RHR change with future clinical outcomes (A-H). Using the Entry method; crude and adjusted hazard ratios (HRs) with the 95% confidence intervals (CIs) given. Model 1 is an unadjusted analysis. Adjustment variables included age and gender in Model 2. In Model 3, the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use, β receptor blocker use, SBP, DBP, TC, HbA1c, eGFR and the average RHR were also considered other adjustment variables and were thus added to Model 2.

The Cox proportional hazards models of the trend of RHR with future clinical outcomes were shown in Figure 5. Compared with the normal-normal group, the risk of composite endpoint events, cerebrovascular events and renal events were significantly increased in the normal-high group. After further adjusting for some traditional risk factors and the average RHR (Model 3), the risk of renal events was no longer significant (P>0.05), whereas the trend of composite endpoint events and cerebrovascular events in the normal-high group remained significant, with HR of 1.64 (1.00-2.68, P=0.047) and 2.82 (1.03-7.76, P=0.043), respectively.

[image: Seven forest plots labeled A through G display the impact of different models on various health events. The x-axis represents risk ratios from one to ten. Each plot compares four variables: Normal-High, High-High, High-Normal, and Normal-Normal, across three models. The plots assess Composite Endpoint Events, MACCE, Cardiovascular Events, Cerebrovascular Events, Cerebrovascular Death, Renal Events, and All-Cause Death. Each point estimate is plotted with confidence intervals.]
Figure 5 | The Cox proportional hazards models of the trend of RHR with future clinical outcomes (A-G). Using the Entry method; crude and adjusted hazard ratios (HRs) with the 95% confidence intervals (CIs) given. Model 1 is an unadjusted analysis. Adjustment variables included age and gender in Model 2. In Model 3, the duration of diabetes, education level, smoking, waist circumference, concomitant disease history in baseline, ACEI/ARB use, β receptor blocker use, SBP, DBP, TC, HbA1c, eGFR and the average RHR were also considered other adjustment variables and were thus added to Model 2.






Discussion

This study finds that in the diabetic population, the RHR level at a time point is unable to predict the occurrence of long-term clinical events, while observing the pattern of RHR changes in a certain time can effectively predict the occurrence of long-term adverse events. Different patterns of RHR changes can predict different adverse outcomes. Moreover, these associations are robust and consistent in analyses adjusted for manifold traditional risk factors, as well as baseline beta-blocker use.

Numerous epidemiological studies have unveiled a vigorous correlation between elevated RHR and cardiovascular outcomes and mortality risks (all cause or cardiovascular). In the post hoc analysis of the ADVANCE study (a randomized clinical trial study of 12,500 T2DM patients), RHR was linked to cardiovascular events and all-cause mortality (14). In addition to confirming that the increase of RHR is an important predictor of cardiovascular disease, Miot et al. also found that RHR was a strong predictor for renal events when juxtaposed with CV events and when singled out from all other factors (15). These studies have all observed the correlation between baseline RHR levels and the occurrence of adverse events, while our study found no independent predictive value of baseline RHR levels for 10-year adverse clinical events. However, heart rate of people is not likely to remain steady throughout their lives. Therefore, whether temporal changes in RHR have predictive values is still poised to be an interesting and crucial issue.

Existing data indicate that an increase in RHR over time results in higher CV events and all-cause mortality in individuals with and without CVD (16–19). However, some studies were confined to certain sexes or health conditions, while others evaluated short-term RHR changes only (for example, over weeks or months). In our study, changes in RHR were monitored over a period of five years, which had the potential of measuring genuine alterations connected to physical fitness instead of short-term intraindividual variability. We adjusted for a wide range of potential confounders such as age, educational level, smoking, chronic conditions, drug usage and metabolic factors, which had yet to be done systematically in previous research. Results showed that compared with maintaining a stable RHR, the RHR significantly increased (over 15 bpm) within a certain period of time, cardiovascular events and all-cause mortality rate increased by 2.4 and 2.22 times, respectively. Compared with the RHR group who remained at normal level, the incidence of composite endpoint events and cerebrovascular events increased by 0.64 and 1.82 times in subjects with RHR ranging from normal to high level (from less than 70 bpm to greater than 70bpm) within half a decade.

Elevated RHR may have adverse effects on the body through different mechanisms. Firstly, high levels of RHR can heighten hemodynamic stress and shorten diastolic period, thus increasing mechanical load, shear stress, blood pressure and cardiac work. Such changes elevate oxygen consumption, leading to accelerated atherosclerosis and plaque rupture (20). Secondly, an increase in RHR has negative effects on the autonomic nervous system, tilting balance towards enhanced sympathetic nervous tension, which may cause life-threatening ventricular arrhythmias and sudden cardiac death (21). Thirdly, the main metabolic pathway of myocardial energy production in diabetes patients depends on nonesterified fatty acids. Compared with glucose oxidation, RHR entails a higher basal oxygen level (22). Furthermore, as shown in this study, apart from direct effects, increased heart rate is also relevant to various abnormal metabolic factors, such as abdominal obesity, elevated blood pressure, elevated TC and smoking. These factors themselves can have adverse effects on prognosis.

The shape of the associations between RHR and CVD morbidity and mortality across the full range of RHR has been reported as linear (23–25), sigmoid (26), ‘J’-shaped (27) or ‘U’-shaped (28), which results in the question whether a decreased RHR would bring clinical benefits. In our study, a decrease in RHR did not increase the risk of long-term adverse events in T2DM, while a moderate decrease in RHR (a decrease of 6-15bpm) could reduce the incidence of all-cause death and MACCE by 45% and 49%, respectively. Whether reducing RHR will have benefits for adverse outcomes in T2DM populations cannot be merely determined through cohort follow-up, and clinical trials are needed to clarify.

Our study has several limitations that must be recognized. Firstly, this study is not based on a random sampling survey of natural populations, so there could be some selection bias during the process of research. Secondly, given the observational nature of our study, we cannot completely rule out the possibility that some observed associations are caused by unmeasured confounding factors. Thirdly, we did not record any relevant content on physical exercises, which may have some impact on RHR. Fourthly, there is a lack of information on drugs (such as β receptor blockers) that may alter RHR during the second follow-up recording, which is a powerful potential confounding factor. Previous studies (17), however, have not pointed out the strong confounding effect of this drug. Fifthly, patients with a history of cardiovascular disease at baseline were not divided into subgroups for further analysis. Finally, observing the occurrence of major vascular events may take longer, and our study’s follow-up time is relatively short. Therefore, we need to continue our follow-up to observe the predictive value of temporal changes in RHR for adverse events in T2DM. However, we have no reasons to believe these would substantially bias the associations reported herein.





Conclusion

To conclude, in T2DM population, temporal changes in RHR rather than a single point in time had certain predictive value for long-term clinical events in diabetes population. Compared to maintaining an appropriate and stable level of RHR, individuals with significantly elevated RHR over a given period of time had an increased risk of adverse events. While, a moderate decrease in RHR may have certain clinical benefits. Information about RHR and its time-related changes is not difficult to acquire and track, so monitoring RHR changes can help identify subgroups with high incidence of adverse events.
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Background and objective

Psychological insulin resistance (PIR), which refers to the reluctance of diabetic patients to use insulin, is a frequently encountered clinical issue. Needle-free injection (NFI) offers advantages in terms of expediting insulin absorption and mitigating adverse reactions related to injection. To evaluate the effects of subcutaneous injection of insulin aspart 30 with NFI on PIR and insulin dosage in patients with type 2 diabetes mellitus (T2DM).





Methods

Sixty-four patients with T2DM participated in this randomized, prospective, open, crossover study. Insulin aspart 30 was administered subcutaneously to each subject via QS-P NFI and Novo Pen 5 (NP) successively. The effects of NFI on PIR were analyzed. Differences in insulin dosage, glycemic variability, and injection safety were compared at similar levels of glycemic control.





Results

After the administration of NFI, the insulin treatment attitude scale score decreased (53.7 ± 7.3 vs. 58.9 ± 10.7, p<0.001), the insulin treatment adherence questionnaire score increased (46.3 ± 4.9 vs. 43.8 ± 7.1, p<0.001), and the insulin treatment satisfaction questionnaire score increased (66.6 ± 10.5 vs. 62.4 ± 16.5, p<0.001). At the same blood glucose level, NFI required a smaller dosage of insulin aspart 30 compared with that of NP (30.42 ± 8.70 vs. 33.66 ± 9.13 U/d, p<0.001). There were no differences in glycemic variability indices (standard deviation, mean amplitude of glycemic excursion or coefficient of variation) between the two injection methods. Compared with NP, NFI did not increase the incidence of hypoglycemia (17.2% vs. 14.1%, p=0.774), and it decreased the incidence of induration (4.7% vs. 23.4%, p=0.002) and leakage (6.3% vs. 20.3%, p=0.022) while decreasing the pain visual analog scale score (2.30 ± 1.58 vs. 3.11 ± 1.40, p<0.001).





Conclusion

NFI can improve PIR in patients with T2DM and be used with a smaller dose of insulin aspart 30 while maintaining the same hypoglycemic effect.





Clinical trial registration

https://www.chictr.org.cn/, identifier ChiCTR2400083658.
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1 Introduction

With the development of the economy and society, the prevalence of diabetes is increasing. The 10th edition of the Global Diabetes Map showed that 537 million people have diabetes worldwide, and the number of adults with diabetes in China ranks first in the world (approximately 140 million), with a prevalence of 12.8% (1). At present, the treatment for diabetes is not optimal. A cross-sectional study in China revealed that 63.5% of diabetic patients received antihyperglycemic treatment, and only 35.1% of diabetic patients achieved glycemic target (2). In recent years, drugs such as glucagon-like peptide-1 receptor agonists (GLP1-RAs) and sodium-dependent glucose transporters-2 inhibitors have been introduced in China and achieved remarkable outcomes. The hypoglycemic efficacy of these medications and their capacity to mitigate the risk of diabetes complications are outstanding. However, due to reasons such as adverse reaction, high price, etc., they still cannot be universally popularized. Long-term failure to effectively control blood glucose in patients with diabetes may lead to serious complications in the heart, brain, kidney and other important organs, seriously worsening quality of life and life expectancy.

Insulin is one of the important means for controlling blood glucose in patients with diabetes. Patients with type 1 diabetes, gestational diabetes, or, in some cases, type 2 diabetes mellitus (T2DM) require insulin to control blood glucose (3). However, insulin could lead to side effects such as weight gain and hypoglycemia. In addition, subcutaneous injection may cause a fear of needles (needle phobia) and even skin damage at the injection site, such as bleeding, ecchymosis, and induration. Some diabetic patients, even medical staff, experience a psychological burden with the use of insulin and may delay or even refuse to use insulin therapy. This psychological state is called psychological insulin resistance (PIR) (4). PIR may delay the optimal time for T2DM patients to start insulin therapy. Patients who are receiving insulin therapy also have difficulty maintaining long-term adherence and satisfaction, and some patients even reduce or stop using insulin on their own. Like insulin, GLP1-RAs also face the challenge of patient reluctance towards subcutaneous injections. PIR is an important cause of the low glycemic control rate in diabetic patients and has a serious negative impact on diabetes management.

Improving diabetes education and innovations in insulin formulation and delivery methods are effective methods for improving PIR. The improvements in insulin dosage include premixed insulin and IDegAsp, which can reduce the injection frequency. Insulin injection devices have also improved, and needle-free injection (NFI) of insulin has been widely used in recent years. The principle of NFI is to shoot drugs through a small hole by instantaneous pressure generated by a mechanical device, create a high-speed jet and send drugs into subcutaneous tissue. NFI causes little damage to the skin. The pore size left by NFI on the skin surface is only 1/4 of that left by needle injection (5). NFI has limited penetration into the skin and less stimulation of nerve endings, so it can reduce pain during injection (6). Based on the above findings, needle-free injections are expected to improve PIR in diabetic patients and maintain good treatment compliance and satisfaction.

The insulin injected by NFI is dispersed in subcutaneous tissue, and its absorption efficiency is improved (7). One study revealed that NFI can accelerate the early absorption rate of rapid-acting insulin (8). Another study revealed that different skin thicknesses did not affect the absorption efficiency of needleless insulin injection (9). The efficiency of insulin absorption affects its hypoglycemic effect. Researches have shown that NFI can enhance the control of postprandial blood glucose via regular insulin and insulin aspart (10) and reduce the dose of insulin glargine needed to achieve the same blood glucose control (11).

At present, data about using premixed insulin administered by NFI in T2DM patients is scarce. Therefore, this study evaluated the effects of NFI on PIR in patients with T2DM through questionnaires and assessed whether NFI could reduce the insulin aspart 30 need of the patient through randomized, cross-controlled prospective research. The aim of this study was to provide new strategies for improving PIR and optimizing blood glucose management in patients with T2DM.




2 Subjects and methods



2.1 Patients and inclusion/exclusion criteria

This study recruited patients with T2DM from January 2021 to June 2023 at the Endocrinology Department of the First Affiliated Hospital of Dalian Medical University.

The inclusion criteria were as follows: clinical diagnosis of T2DM according to the 1999 WHO criteria; course of T2DM more than half a year; age 18-70 years; body mass index (BMI) 18-30 kg/m2; fasting plasma glucose (FPG) 5.0-9.0 mmol/L; glycosylated hemoglobin (HbA1c) 6.0-11.0%; use of insulin aspart 30 for at least 1 month; women of childbearing age using contraceptive measures; and normal cognitive function, ability to understand the questionnaires, and willingness to participate in the study.

The exclusion criteria were as follows: recurring hypoglycemia, diabetic ketoacidosis and other severe diabetic adverse events; severe chronic diabetic complications such as proliferative diabetic retinopathy and diabetic foot; history of pancreatitis or pancreatectomy; treatment with insulin secretagogues in the last 3 months, such as sulfonylureas; treatment with glucocorticoids or immunosuppressants; definite infection or active bleeding of important organs in the past month; acute coronary syndrome, stroke or other serious cardiovascular or cerebrovascular events in the past 6 months; anemia, dermatosis, cancer, pregnancy, breastfeeding, alcoholism, drug addiction were reasons for exclusion; laboratory examination results of alanine transaminase (ALT) or aspartate aminotransferase (AST) > 3 times the upper limit of normal or estimated glomerular filtration rate (eGFR) < 60 ml/(min*1.73m2).

The study was approved by the Ethics Committee of the First Affiliated Hospital of Dalian Medical University, and all the subjects signed written informed consent forms.




2.2 Study design

This was a randomized, crossover-controlled prospective study. The flow chart of the study design is shown in Figure 1, and the interview process is shown in Figure 2.

[image: Flowchart illustrating a study process. Seventy-six screened for eligibility, eight failed. Sixty-eight randomized into two groups: A (NFI) and B (NP), each with 34 participants. Dropouts included three lost to follow-up and one SAE, totaling four. Groups underwent crossover: A became NP (33 participants), B became NFI (31 participants). Outcomes include questionnaire survey (64 participants), analysis for insulin dosage (64 participants), analysis for FGM (61 participants), and three with incomplete data.]
Figure 1 | Study design. NFI, needle-free injector; NP, Novo Pen 5; FGM, flash glucose monitoring.

[image: Flowchart outlining a clinical study timeline comparing two groups, A and B. The process includes a 1-week screening period, a 1-2 week run-in period, a 2-week treatment period I, a 1-2 week washout period, and a 2-week treatment period II. Group A receives NP in treatment periods, while Group B receives five times SMBG testing initially, then two times SMBG and FGM in treatment periods. The oral medication and lifestyle remain unchanged throughout for both groups. Interviews v0 to v7 mark different stages.]
Figure 2 | Flow chart of interview process. NFI, needle-free injector; NP, Novo Pen 5; SMBG, self-monitoring of blood glucose; FGM, flash glucose monitoring.

At the initial visit, the subjects were instructed on how to use NovoPen® 5 (NP) (Novo Nordisk Pharmaceutical Co., Denmark) and QS-P NFI (Beijing QS Medical Technology Co., China) for subcutaneous injection of insulin aspart 30 (Novo Nordisk Pharmaceutical Co., Denmark) in the abdomen. The baseline characteristics of the subjects were collected, and questionnaires related to PIR were completed. The oral medication regimen and diet and exercise habits of the subjects remained unchanged throughout the study.

The participants were randomly assigned to group A or group B. First, the subjects entered the run-in period (1-2 weeks). NP was used in both groups, and blood glucose was monitored 5 times a day (before breakfast and dinner, as well as 2 hours after breakfast, lunch, and dinner) by self-monitoring of blood glucose (SMBG) with Accu-Chek Performa (Roche Ltd., Germany). The insulin dosage was adjusted by the researcher to ensure that the blood glucose level reached the standard (4.4-7.8 mmol/L before breakfast and dinner). After the run-in period, the subjects entered treatment period I (2 weeks). NFI was used in group A, and NP was used in group B. Blood glucose was monitored twice a day (before breakfast and dinner), and the insulin dosage adjustment is consistent with the run-in period. The FreeStyle Libre flash glucose monitoring (FGM) system (Abbott Diabetes Care, UK) was worn by a researcher to record blood glucose data during the whole treatment period I. In the washout period, both groups used NP, and blood glucose monitoring and insulin adjustment were consistent with those during the run-in period. In treatment period II, NP was used in group A, and NFI was used in group B. Blood glucose monitoring and insulin adjustment were the same as those in treatment phase I. At the end of treatment phase II, the final characteristics of the subjects were collected, and questionnaires related to PIR were completed again.




2.3 PIR-related investigation tools



2.3.1 Insulin treatment attitude scale

This scale was used by a Chinese researcher to evaluate PIR in patients with diabetes. There are three dimensions of this scale: “misunderstanding and worry regarding insulin treatment”, “opinion about the efficacy of insulin treatment”, and “fears and limitations related to injection”. There are 20 items in the scale; each item is rated 1-5 points, and a total score >60 points indicates the presence of PIR. The Cronbach’s α coefficient of the scale was 0.88 (12, 13).




2.3.2 Insulin treatment adherence questionnaire

This scale was designed by a Chinese researcher to assess insulin treatment adherence in patients with diabetes. There are 22 questions in the scale, and each question is scored 1-3 points. The questions were divided into five dimensions: “medication”, “diet”, “exercise”, “self-monitoring of blood glucose”, and “regular hospital examination”. A total score <44 indicated that the adherence to treatment was poor. The Cronbach’s α coefficient of the scale was 0.83 (13, 14).




2.3.3 Insulin treatment satisfaction questionnaire

The scale, created by Anderson and translated by a Chinese researcher, is used to assess insulin treatment satisfaction in patients with diabetes. The scale consists of five dimensions: “limitations and obstacles caused by insulin injection”, “flexibility of lifestyle after insulin injection”, “confidence in avoiding symptoms caused by abnormal blood glucose”, “influence of hypoglycemia caused by insulin use on patients”, and “satisfaction with insulin injection method and its efficacy”. There are 22 questions in the scale, and each question is scored 1-7 points. The score of each dimension was converted into a percentage, and the total score of the scale was the average score of 5 dimensions. A total score <60 points indicated that the patient was dissatisfied with insulin treatment. The Cronbach’s α coefficient of the scale was 0.82 (13, 15, 16).





2.4 FGM system

During each treatment period, the subjects were required to wear an FGM. The FGM sensor was worn on the upper arm of the subject, and the interstitial fluid glucose concentration was recorded every 15 minutes for 14 days. The data reader was kept by the researcher, and the sensor data were not available to the subjects during the treatment period.

Blood glucose data from FGM at 3-12 days were analyzed (blood glucose data were more stable), and the data included time in range (TIR), time below range (TBR), time above range (TAR), average glucose (AG), standard deviation (SD), coefficient of variation (CV), and mean amplitude of glycemic excursion (MAGE).




2.5 Security and acceptance evaluation

At the end of each treatment period, the patient reported the pain on the injection site measured on a visual analog scale (VAS) ranging from 0 to 10, where 0 means no, 10 means very severe pain. Hypoglycemia (hypoglycemic symptoms or fingertip blood glucose <3.9 mmol/L) and local adverse reactions (bleeding, ecchymosis, redness, induration, and fluid leakage) were recorded during the treatment period. At the end of the study, the participants were required to complete a self- edited questionnaire to evaluate their acceptance and tolerance of NFI.




2.6 Collection of general characteristics and laboratory examination

At the first and last visits, general characteristics, including sex, age, duration of diabetes, medication history, smoking history, alcohol consumption history, and previous medical history, were collected. Height and weight were measured by an Omron HNH-318 (Omron Healthcare, Japan). Blood pressure was measured by an Omron HPP-1100U. Waist circumference was measured with a tape at the midpoint of the line between the lower margin of the costal arch and the iliac crest. Fasting antecubital venous blood was taken, and the indices included fasting plasma glucose (FPG), C-peptide (CP), insulin (Ins), HbA1c, ALT, AST, total cholesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), uric acid (UA), and creatinine (Cre). Morning urine samples were collected to determine urinary albumin–creatinine ratio (UACR). The physical examination included an electrocardiogram.

FPG, ALT, AST, TC, TG, HDL-C, LDL-C, UA, Cre and UACR were determined by a Hitachi 7600 automatic biochemical analyzer (Hitachi, Ltd., Japan). HbA1c was determined by a Premier Hb 9210 automatic HBA1C analyzer (Trinity Biotech, Ltd., USA). A Soling LIAISON®XL 2210 automatic immunoanalyzer (Diasorin, Ltd., Italy) was used to determine CP and Ins via the chemiluminescence method.




2.7 Statistical analysis

The data analysis was performed using SPSS 22.0 software. Normally distributed data were presented as mean ± standard deviation, while non-normally distributed data were reported as median (quartiles 1 and 3). Count data were expressed as frequencies (proportions). Paired t-test was employed to compare normally distributed measurement data between groups, whereas non-parametric tests were utilized for comparing non-normally distributed measurement data between groups. Paired chi-square test was used to compare count data. Statistical significance of differences was indicated by a significance level of p<0.05.





3 Results



3.1 Patient information

A total of 76 participants were screened for the study, 68 of whom were successfully screened and randomly assigned to Group A or Group B. Ultimately, 64 participants completed the study; 33 males and 31 females were included, and the mean age was 56.91 ± 9.71 years. The general characteristics at baseline and at the end of the study are shown in Table 1.

Table 1 | Characteristics of the subjects (n=64).


[image: A table comparing baseline and endpoint characteristics of a study population, with p-values for significance. Characteristics include gender, age, health conditions, and various biochemical measurements. Notable changes with significant p-values include glycosylated hemoglobin (HbA1c) decreasing from 7.81 to 6.74 (p < 0.001) and C-peptide (CP) increasing from 1.50 to 1.89 (p = 0.011). Other measured values such as BMI, blood pressure, and cholesterol levels show no significant changes. Values are presented as mean ± standard deviation, and some include a range.]



3.2 Influence of needle-free injection on PIR

The scores of the three scales related to PIR of the two injection methods are shown in Figure 3. After NFI was used, the total ITAS score decreased (53.7 ± 7.3 vs. 58.9 ± 10.7, p<0.001), and the incidence of PIR decreased from 45.3% to 23.4%. The score for Dimension 3, “fears and limitations related to injection”, showed the greatest reduction. After NFI was used, the total ITAQ score increased (46.3 ± 4.9 vs. 43.8 ± 7.1, p<0.001), and the proportion of patients with poor adherence decreased from 50.0% to 29.7%. The score for Dimension 1, “medication”, increased the most. After NFI supplementation, the total ITSQ score increased (66.6 ± 10.5 vs. 62.4 ± 16.5, p<0.001), and the satisfaction with insulin increased. The score on Dimension 5, “satisfaction with insulin injection method and its efficacy”, improved most significantly.

[image: Bar charts labeled A, B, and C compare two groups, NP (white bars) and NFI (black bars), across different time points (TP, D1, D2, D3, D4, D5). Significant differences are marked with asterisks: A shows higher points for NP at TP, D1, D2, D3. B indicates significance at TP, D1, D4, and D5. C displays significant differences at all points except D3, with NP consistently scoring higher.]
Figure 3 | (A) Insulin Treatment Attitude Scale. TP: total score; D1: Dimension 1, “misunderstanding and worry about insulin”; D2: Dimension 2, “opinion about the efficacy of insulin”; D3: Dimension 3, “fears and limitations related to injection”. (B) Insulin Treatment Adherence Questionnaire. TP: total score; D1: Dimension 1, “medication”; D2: Dimension 2, “diet”; D3: Dimension 3, “exercise”; D4: Dimension 4, “self-monitoring of blood glucose”; D5: Dimension 5, “regular hospital examination”. (C) Insulin Treatment Satisfaction Questionnaire. TP is the total score; D1: Dimension 1, “limitations and obstacles caused by insulin injection”; D2: Dimension 2, “flexibility of lifestyle after insulin injection”; D3: Dimension 3, “confidence in avoiding symptoms caused by abnormal blood glucose”; D4: Dimension 4, “influence of hypoglycemia caused by insulin on patients”; D5: Dimension 5, “satisfaction with insulin injection method and its efficacy”. The data are presented as the mean ± standard deviation, and the scores for each dimension were converted to a percentage scale. NS: not significantly different; **p <0.01; ***p <0.001.




3.3 Effect of NFI on insulin dosage

The fasting fingertip blood glucose (FBG) data from the last 7 days of the treatment period were relatively stable and were selected for analysis. There was no significant difference in the mean FBG between the two injection methods (6.87 ± 0.49 vs. 6.84 ± 0.51 mmol/L, p=0.265) (Figure 4A). There was also no significant difference in the daily mean FBG at 7 days, except on day 4 (Figure 4B). The above results indicated that the blood glucose control levels were the same between the two injection methods.

[image: Graph showing fasting plasma glucose (FPG) levels. Panel A: Scatter plot comparing NP and NFI groups. Panel B: Line graph depicting fasting blood glucose (FBG) over seven days for NP and NFI groups. No significant difference in Panel A, while Panel B shows a significant difference on day four.]
Figure 4 | (A) Mean FBG levels in the last 7 days of the treatment period in the two injection methods. (B) Daily mean FBG during the last 7 days of the treatment period according to the two injection methods. NFI, needle-free injection; NP, Novo Pen 5. The data are presented as the mean ± standard deviation. NS, not significantly different; **p=0.003.

At the same blood glucose levels, the daily insulin dosage of NFI was 3.24 U lower than that of NP (30.42 ± 8.70 vs. 33.66 ± 9.13 U/d, p<0.001) (Figure 5). The subjects were divided into three independent subgroups (low-dose, medium-dose, and high-dose) based on tertiles of their daily insulin dosage, ranging from lowest to highest. The difference in insulin dosage between NFI and NP increases with increasing daily insulin dosage, with an average reduction of approximately 4.0 U/d in the high-dose group (Figure 6).

[image: Dot plot comparing insulin dosage in units per day between two groups, NP and NFI. NP has a wide distribution, mostly between 20 and 50, while NFI shows a more concentrated distribution with a central horizontal line. Asterisks indicate a significant difference between the groups.]
Figure 5 | Insulin dosage of different injection methods in the last 7 days of the treatment period. NFI, needle-free injector; NP, Novo Pen 5. The data are presented as the mean ± standard deviation. ***p<0.001.

[image: Dot plot comparing insulin dosages in units per day across five groups: NP-LD, NFI-LD, NP-MD, NFI-MD, NP-HD, and NFI-HD. NP-LD and NFI-LD show a significant difference indicated by an asterisk. NP-MD and NFI-MD, as well as NP-HD and NFI-HD, also show higher significance with three asterisks. Horizontal lines represent mean values for each group.]
Figure 6 | Insulin dosage in different dosage subgroups. The subjects were divided evenly into three independent subgroups (low-dose, medium-dose, high-dose) according to the daily insulin dosage. NFI, needle-free injector; NP, Novo Pen 5; LD, low-dose group; MD, medium-dose group; HD, high-dose group. The data are presented as the mean ± standard deviation. *p=0.012, ***p<0.001.




3.4 Glycemic variability in the FGM

Complete FGM data were obtained from 61 subjects at the end of the study (3 subjects had sensor data errors or premature shedding). Analysis of the stable FGM data from the middle 10 days of treatment period revealed that there were no significant differences in the blood glucose level indices (TIR, TAR, TBR and AG) or blood glycemic variability indices (SD, MAGE and CV) between the two injection methods (Table 2).

Table 2 | FGM data for the middle 10 days of treatment under different injection methods.


[image: A table comparing various indices between NFI (needle-free injector) and NP (Novo Pen 5) with p-values. Indices include TAR, TIR, TBR percentages, AG, SD, MAGE in mmol/L, and CV percentage. Results show means, standard deviations, and medians with quartiles for NFI and NP. p-values assess statistical significance.]



3.5 Safety and acceptability of needle-free injection

The incidence of hypoglycemia was measured according to SMBG records (Table 3). A total of 17.2% of the subjects experienced hypoglycemia while using NFI, and 14.1% experienced hypoglycemia while using NP. There was no significant difference in the incidence of hypoglycemia between the two injection methods. Hypoglycemia was classified according to the Chinese Diabetes Society (CDS) guidelines: Grade 1 hypoglycemia was 3.0 mmol/L≤blood glucose <3.9 mmol/L, Grade 2 hypoglycemia was blood glucose <3.0 mmol/L, and Grade 3 hypoglycemia was hypoglycemia with serious events of consciousness and/or physical changes that required help from others without specific blood glucose limits. There was no significant difference in the frequency of hypoglycemia of different degrees between the two injection methods. In terms of injection pain, the pain VAS score of NFI was lower than that of NP (2.30 ± 1.58 vs. 3.11 ± 1.40, p<0.001) (Figure 7). There was no significant difference in the incidence of bleeding, ecchymosis or redness between the two injection methods. The incidence of induration and leakage in NFI-treated patients was significantly lower than that in NP-treated patients (Table 4). Other adverse events were assessed by baseline and endpoint characteristics (Table 1). There were no significant differences in vital signs (weight, BMI, WC, BP or HR) or biochemical criteria (ALT, AST, Cre, UA and UACR). No new cardiac abnormalities were found on the electrocardiogram.

Table 3 | Incidence and severity frequency of hypoglycemia.
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Figure 7 | Pain VAS scores of the two injection methods. NFI, needle-free injector, NP, Novo Pen 5. The data are presented as the mean ± standard deviation. ***p<0.001.

Table 4 | Local adverse reactions.


[image: Table comparing the effects of needle-free injector (NFI) and Novo Pen 5 (NP) regarding bleeding, ecchymosis, redness, induration, and leakage. Bleeding: NFI 7 (10.9%), NP 10 (15.6%), p-value 0.581. Ecchymosis: NFI 9 (14.1%), NP 12 (18.8%), p-value 0.607. Redness: both 8 (12.5%), p-value 1.000. Induration: NFI 3 (4.7%), NP 15 (23.4%), p-value 0.002. Leakage: NFI 4 (6.3%), NP 13 (20.3%), p-value 0.022. Data in numbers and percentages.]
The results of the self-edited questionnaire showed that 94% of the subjects were satisfied with the NFI. Most of the participants believed that NFI increased the convenience (84%) and regularity (66%) of treatment, increased confidence in controlling blood glucose (89%), and reduced fear of injection (69%). Most of the subjects believed that the occurrence of swelling (61%), induration (69%), bleeding (69%) and ecchymosis (64%) was lower after using NFI than after using NP, and 75% thought that NFI was less painful. Only 34% of the subjects believed that NFI was more affordable than NP was. Eighty percent of the participants intended to continue using NFI in the future.





4 Discussion

PIR is an important hindrance factor affecting the insulin utilization rate and glycemic target rate in patients with T2DM. The factors contributing to PIR originate from both patients and medical staff. Patient-related causes of PIR encompass insufficient knowledge about insulin, lifestyle inconveniences, fear of adverse reactions such as hypoglycemia, anxiety and fear associated with injections, inadequate self-efficacy in diabetes management, and limited social support (17). Medical staff-related causes involve limited experience in utilizing insulin (especially among non-endocrinologists), apprehension regarding patient rejection, concerns about the risks of hypoglycemia, reluctance to administer insulin to elderly patients,and the need for more time dedicated towards instructing injection techniques and enhancing knowledge related to insulin usage  (18).

In this study, the ITAS created by a Chinese researcher was used to assess PIR of the subjects. The results showed that the incidence of PIR decreased from 45.3% to 23.4% after the use of NFI. NFI can significantly reduce the degree of PIR. The incidence of PIR investigated by the original author of the scale was 41.5%. Other studies have shown that the incidence of PIR in Chinese T2DM patients was 44.9% (19), and the incidence of PIR in other countries was 28.2-82.6% (20–22). Although the results of different studies differ greatly, the overall PIR situation is not optimistic, and NFI is expected to become an important means to improve PIR. Dimension 3, “fears and limitations related to insulin injection”, had the highest score, among which the proportion of subjects who agreed with question 18 “I am afraid that insulin injection will hurt very much” and question 19 “Even if insulin injection does not hurt much, I am still afraid to give myself injections” was the highest. This finding shows that the fear of injection itself is the main reason for patients to resist insulin. This fear may stem from pain during injection and from injection-related adverse reactions. In addition, some patients with needle phobia, while tolerating the pain of injection, are still afraid to inject themselves. The score in Dimension 3 decreased the most after NFI was used, and the results of the self-edited questionnaire also showed that most subjects believed that NFI could improve their fear of injection, which was one of the main reasons why NFI could improve PIR.

This study revealed that 50% of the participants had poor insulin compliance, which improved somewhat after the study. The adherence to Dimension 1, “medication”; Dimension 4, “self-monitoring”; and Dimension 5, “periodic review”, improved, probably due to the supervision and reinforcement of subjects in regular medication, blood glucose monitoring, and periodic review during the study period. However, the lifestyles of the subjects were solidified during the study, so there was little change in Dimension 2, “diet”, or Dimension 3, “exercise”.

In this study, the overall satisfaction of subjects receiving insulin therapy improved after NFI was administered. The satisfaction scores in Dimension 5, “satisfaction with insulin injection method and its efficacy”, Dimension 1, “limitations and obstacles caused by insulin injection”, and Dimension 3, “confidence in avoiding symptoms caused by abnormal blood glucose”, increased significantly, indicating that the subjects were more satisfied with the NFI method itself and its hypoglycemic effect. There was little change in satisfaction with Dimension 2, “flexibility of lifestyle after insulin injection”, or Dimension 4, “influence of hypoglycemia caused by insulin on patients”. It is possible that insulin treatment requires a more rigorous lifestyle and results in increased difficulty in study, work and travel, but NFI does not improve these situations. Moreover, due to the higher absorption efficiency of NFI, blood glucose levels drop relatively quickly, so additional attention is needed to prevent the occurrence of hypoglycemia.

The first-phase insulin secretion is delayed in most T2DM patients. During meals, patients need exogenous insulin to act more quickly to stabilize postprandial blood glucose. NFI can quickly stabilize early postprandial blood glucose levels due to its greater absorption efficiency (10). Previous studies on the pharmacokinetics and pharmacokinetics of NFI have mostly focused on rapid-acting insulin and insulin analogs. Premixed insulin analogs, which maintain both basal and postprandial insulin levels, have a relatively high usage rate in T2DM patients and are expected to benefit from NFI. A study revealed that, compared with that of needle-free insulin, the dosage of short-acting insulin was lower in hospitalized T2DM patients receiving intensive insulin therapy than in those receiving needle injection, but no difference was observed in long-acting insulin (23). Another study showed that NFI can reduce the dosage of insulin glargine by an average of 3.11 U/d (11). In this study, the blood glucose levels of the subjects were controlled at the same level, and the dose of insulin aspart 30 in the NFI was significantly less than that in the NP by an average of 3.2 U/d (10% of the original dose). In addition, as the insulin dosage increased, the reduction in NFI was more pronounced. In the high-dose subgroup, NFI reduced the insulin dosage by an average of approximately 4.0 U/d. A reduction in insulin dosage could alleviate injection-related adverse reactions; reduce the degree of weight gain, hypoglycemia, and hyperinsulinemia; and thus improve PIR. In addition, dosage reduction could also ease the economic burden of patients, save medical resources, and contribute to environmental protection. It can be seen that NFI has very broad development prospects.

Patients with diabetes have poor self-regulation of blood glucose. When the lifestyle is irregular or insulin is applied, the degree of glycemic variability increases significantly. SMBG is not the method to measure glycemic variability leading to potential worsening of the diabetes. In this study, FGM was used to collect blood glucose data. During each treatment period, FGM was worn for 14 days, and relatively stable blood glucose data were analyzed in the middle 10 days (days 3-12). The results showed that there was no significant difference in blood glucose levels (TAR, TIR, TBR, or AG) between the two injection methods, which confirmed that the blood glucose control level was the same between the two injection methods. No significant difference was found in the indices of glycemic variability (SD, MAGE, or CV) between the two injection methods. Other studies also did not find an effect of NFI on glycemic variability (11, 24). Although NFI could stabilize early postprandial blood glucose, it has little effect on glycemic variability.

Hypoglycemia is one of the main adverse reactions to insulin, and severe hypoglycemia is life-threatening. When insulin is absorbed relatively quickly by NFI, patients need to be more vigilant about hypoglycemia. A meta-analysis showed no difference in hypoglycemia rates between the two injections (25). The results of this study showed that the incidence and severity of hypoglycemia in NFI-treated patients were greater than those in NP-treated patients, but the difference was not significant. To avoid hypoglycemia, patients with diabetes are advised to appropriately reduce the original dosage when using needle-free syringes for the first time.

Traditional needle injection may cause pain, induration, bleeding, ecchymosis and other injection-related adverse reactions, which are also among the main causes of PIR. Improper use habits, such as reusing needles, could increase the incidence of these adverse reactions. NFI results in less damage to the skin, limited depth into the subcutaneous tissue and less stimulation to nerve endings, which could reduce these adverse reactions. A meta-analysis showed that the incidence of redness, swelling and induration after NFI was less than that after insulin injection, and there was no significant difference in the incidence of pain, bleeding or ecchymosis (25). In this study, compared with those after the use of NP, the incidence of induration and leakage after the use of NFI was significantly lower. The incidence of bleeding and ecchymosis decreased, but the difference was not significant. The pain VAS score can transform pain, a subjective experience that is difficult to quantify, into a measurable form. This study revealed that the pain VAS score was lower in NFI-treated patients than in NP-treated patients. The results of the self-edited questionnaire also showed that most subjects believed that NFI could reduce the occurrence of pain, redness, induration, bleeding and ecchymosis. In general, NFI is safer than needle injection and can alleviate resistance to insulin therapy in patients.

In terms of acceptance, the results of our self-edited questionnaire showed that most subjects were satisfied with NFI, believed that NFI could increase the convenience and regularity of treatment and increase their confidence in controlling blood glucose, and were willing to continue using NFI in the future. However, only a small number of subjects believe that NFI is more economical than NP. With NFI as an emerging technology, the price of injection devices is still not affordable for most patients, and challenges still exist in terms of popularization.

The highlights of this study are to introduce needle-free insulin injection into PIR of T2DM patients, explore the effect of NFI in improving PIR, and provide a new solution strategy for enhancing blood glucose management in T2DM patients. However, there are some limitations in this study. First of all, the sample size is not large enough, and further verification is needed to determine if the results can be applied to all T2DM patients. Additionally, this is a short-term study, and it remains unknown whether long-term use of NFI can maintain its current advantages without causing more injection-related adverse reactions.




5 Conclusions

NFI improved PIR in T2DM patients and increased insulin therapy adherence and satisfaction. NFI can reduce the dosage of premixed insulin analogs while achieving the same hypoglycemic effect as needle injection. NFI does not affect glycemic variability, does not significantly increase the risk of hypoglycemia, and reduces pain and injection-related adverse reactions. Therefore, the application and popularization of NFI may lead to new strategies for optimizing blood glucose management.
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This report describes a case of concomitant diabetic ketoacidosis (DKA) and thyroid storm (TS) in a 20-year-old male patient that presented both diagnostic and management challenges owing to their intricate interrelationship in endocrine-metabolic disorders. The patient, previously diagnosed with type 1 diabetes mellitus (T1DM) and hyperthyroidism, was admitted to the emergency department with symptoms of DKA and progressive exacerbation of TS. Initial treatment focused on correcting DKA; as the disease progressed to TS, it was promptly recognized and treated. This case emphasizes the rarity of simultaneous occurrence of DKA and TS, as well as the challenges in clinical diagnosis posed by the interacting pathophysiological processes and overlapping clinical manifestations of DKA and TS. The patient’s treatment process involved multiple disciplines, and after treatment, the patient’s critical condition of both endocrine metabolic diseases was alleviated, after which he recovered and was eventually discharged from the hospital. This case report aims to emphasize the need for heightened awareness in patients with complex clinical presentations, stress the possibility of concurrent complications, and underscore the importance of prompt and collaborative treatment strategies.
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1 Introduction

Hyperthyroidism and diabetes mellitus (DM) are both widespread endocrine disorders with profound implications for global public health. Thyroid storm (TS), a crucial and potentially fatal manifestation of hyperthyroidism, is characterized by an abrupt surge in thyroid hormone levels, precipitating severe hypermetabolic symptoms (1). The global prevalence of hyperthyroidism is approximately 0.8%, and while the incidence of TS is relatively low, it is associated with a substantially high mortality rate ranging from 10% to 20% (2). Type 1 diabetes mellitus (DM) is an autoimmune disease characterized by the autoimmune destruction of pancreatic β-cells, necessitating a lifelong dependency on insulin (3). Diabetic ketoacidosis (DKA), a serious complication of DM, manifests with hyperglycemia, elevated ketone bodies, and metabolic acidosis (4).

Several epidemiological studies have revealed a higher prevalence of comorbidity between thyroid disease and diabetes than in the general population, although direct evidence is lacking (5–7). This suggests a complex interrelationship between the pathophysiological processes of hyperthyroidism and diabetes, and the two disorders are often present in the same individual (8). The coexistence of these conditions complicates treatment and increases patient risk, particularly when hyperthyroidism progresses to TS and DM progresses to DKA, requiring rapid recognition and urgent treatment.

Despite the well-established diagnostic approaches and treatment protocols for TS and DKA, limited literature is available on the diagnostic approaches and treatment strategies for their simultaneous presentation. This rare clinical situation poses a significant challenge to clinicians, requiring interdisciplinary knowledge and decision-making skills in the management of acute and critical illnesses. Here, we present a case of concomitant DKA and TS in a young male patient, who recovered and was eventually discharged from the hospital with prompt and effective treatment. The objective of this case report is to share the diagnostic challenges and therapeutic passages when TS and DKA co-occur to inform clinical practice.




2 Case presentation

A 20-year-old male patient was admitted to the emergency department 2 months ago with suspected DKA. The patient was diagnosed with T1DM ketoacidosis and hyperthyroidism 4 years ago, following the onset of symptoms such as polydipsia, polyuria, and xerostomia. Unfortunately, specific details regarding the initial diagnostic and treatment process as well as prior medical records are unavailable. He was treated with rehydration and glucose-lowering therapies during the hospital stay. Following discharge, the patient was initiated on subcutaneous insulin therapy. However, he exhibited frequent insulin omissions, approximately 4–5 times per week, leading to inadequate glycemic control. Additionally, the patient was prescribed methimazole treatment for 9 months but discontinued it based on medical advice without subsequent thyroid function tests or related antibody assessments. One year ago, the local hospital adjusted the insulin regimen to insulin aspart 15 units subcutaneously three times daily and insulin detemir 30 units subcutaneously nightly, with no accompanying blood glucose monitoring. He presented to the emergency room primarily because of acute medical concerns—a significant 3-day history of fever, vomiting, and abdominal pain. He reported 8–10 episodes of non-bilious vomiting without hematemesis, associated with generalized abdominal pain. Further, he described the abdominal pain as intermittent, colicky, 7/10 on the numeric rating scale, and non-radiating. He denied having cough, expectoration, sore throat, rhinorrhea, diarrhea, melena, and dysuria. Importantly, he had discontinued his subcutaneous insulin therapy 3 days prior to this admission.

In the emergency room, he was conscious with a temperature of 36.4°C, pulse of 145 beats/min, respirations of 35 breaths/min, blood pressure of 135/69 mmHg, SPO2 of 99% on room air, and a Glasgow Coma Scale (GCS) score of 15. He had generalized dry, warm skin, an enlarged neck, a grade 2 enlargement of the thyroid gland with no palpable nodules, and no vascular murmur. The lungs were clear on auscultation, heart rate was 145 beats/min with regular rhythm, and heart sounds were hyperdynamic. The abdominal muscles were tense, and there was tenderness and rebound pain throughout the abdomen. There was no bilateral lower extremity edema. Initial laboratory data indicated significant metabolic acidosis, with a plasma glucose level of 20.4 mmol/L and β-hydroxybutyrate level of 6.76 mmol/L. Arterial blood gas analysis showed a pH of 7.21, an anion gap of 19 mmol/L, and a delta ratio of 0.65. Thyroid function tests revealed thyrotropin at <0.01 μIU/mL (0.60–4.40), free triiodothyronine at 9.86 pg/mL (2.25–3.58), and free thyroxine at >5.00 ng/dL (0.85–1.38). Additionally, infectious markers such as leukocytes and neutrophil ratio and other biochemical tests were elevated (detailed in Table 1). The electrocardiogram displayed marked sinus tachycardia. Abdominal computed tomography scans revealed diffuse severe fatty liver, that did not reveal any findings necessitating surgical intervention. According to the Burch–Wartofsky Point Scale (BWPS) (1) and the Japanese Thyroid Association’s (JTA) guidelines for the management of TS (9), our patient met the diagnostic criteria for TS which included a score of 45 points and TS2, respectively. Because he did not exhibit persistent hyperthermia and had a normal temperature in the emergency room, he was believed to be experiencing inflammation as a result of a bacterial infection. Conversely, his tachycardia and gastrointestinal symptoms were attributed to DKA, leading to a diagnosis of DKA and pre-TS. Consequently, he was transferred to the endocrinology ward for further treatment.

Table 1 | Summary of patient’s laboratory test results.
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In the endocrinology ward, he received continuous intravenous infusion of insulin to maintain glycemic control and aggressive intravenous fluid therapy to replenish lost fluids. Additionally, he was administered propylthiouracil 100 mg (t.i.d) to control thyroid function, propranolol 10 mg (t.i.d) to regulate his heart rate, and piperacillin tazobactam as the antibiotic. During treatment, the patient’s heart rate gradually ranged between 113–123 beats/min, and his blood pressure fluctuated between 146 and 156/84–89 mmHg. Concurrently, his body temperature peaked at 37.6°C, which eventually returned to normal without intervention. Approximately 10 hours after admission, the patient experienced a sudden onset of coughing, accompanied by the expulsion of pink, frothy sputum, shortness of breath, agitation, a heart rate of 128 beats/min in sinus rhythm, a respiration rate of 25 beats/min, and a decrease in pulse oximetry to 88%. Furthermore, chest auscultation revealed bilateral wet rales and slight wheezing, and bedside chest radiography was promptly performed, which showed bilateral pulmonary markings and scattered patchy infiltrates around both pulmonary hila, leading to the diagnosis of acute heart failure. Accordingly, he was administered deacetyldigoxin injection, furosemide, and nitroprusside intravenously, and budesonide via nebulization to alleviate airway spasm. Following this treatment, the patient’s cough and shortness of breath improved, and he was immediately transferred to the intensive care unit for further assessment and care.

In the intensive care unit, the patient experienced hyperthermia, with a peak temperature of 39.7°C accompanied by diarrhea, blood pressure of 160/95 mmHg, and a heart rate of >150 beats/min in sinus rhythm. At this time, the patient’s BWPS score reached 85, and the JTA criteria met TS1, which indicated the presence of TS. The patient was administered an intravenous push of dexamethasone injection 2 mg every 6 h, along with oral propylthiouracil tablets at a dosage of 200 mg every 8 h, and an oral compound iodine solution at a dosage of 0.5 mL every 6 h, containing 63.5 mg of iodine. In addition, intravenous esmolol was used to control the ventricular rate, and other appropriate treatments were provided. Post-treatment, the patient experienced relief from abdominal pain and a return to normal body temperature, with the heart rate dropping to a rate of 100–110 beats/min. The patient was subsequently re-transferred to the Department of Endocrinology. Upon transfer, iodine was discontinued, and the dosage of glucocorticoids was gradually reduced until they were completely discontinued. Additionally, the dosage of propylthiouracil was reduced to 100 mg every 8 h. Follow-up assessments revealed thyrotropin receptor antibodies at 19.17 IU/L (normal range: <1.75), anti-glutamic acid decarboxylase antibodies (+), and glycosylated hemoglobin levels of 9.9%. During his hospitalization, ketoacidosis with normal blood glucose levels was observed on several occasions, necessitating the administration of strengthened parenteral nutrition and subcutaneous insulin injections to maintain blood glucose levels between 8 and 12 mmol/L. After the patient was transferred back to the endocrinology ward, we conducted systematic patient education to help him better understand the objectives of various treatment measures and their potential impact on his condition. After 9 days of hospitalization, the patient’s health improved. His blood glucose levels were maintained within the target range of 8–12 mmol/L, multiple re-evaluations of blood gas analyses indicated a return to normal acid-base balance, and the anion gap was consistently within the normal range. Additionally, repeated tests for both blood and urine ketones were negative. Based on these clinical and laboratory findings, we concluded that the patient’s DKA had been effectively resolved. The patient was subsequently discharged from the hospital and instructed to continue receiving subcutaneous insulin injections to lower glucose levels and to switch from propylthiouracil to methimazole for the treatment of hyperthyroidism. After discharge, the patient continued his recovery in a home environment. He reported that with proper medication management over time, there was a significant improvement in his quality of life.




3 Discussion

The relationship between DM and thyroid disease is a complex one, involving several genetic, biochemical, and pathophysiological factors. Abnormal thyroid function has been identified as a risk factor for DM, and it can also complicate disease progression and treatment. It is crucial to diagnose and treat diabetic patients who have concomitant thyroid disease as early as possible to prevent further complications and optimize outcomes.

A systematic review has indicated that the yearly incidence of DKA among individuals with T1DM encompasses a spectrum ranging from 0 to 56 instances per 1,000 individuals (10). Furthermore, a study from Japan reported a yearly incidence of TS in hospitalized patients at 0.2 cases per 100,000 individuals, along with a notably high mortality rate of 10.4% (11). Noteworthy catalysts for TS onset include irregular utilization of anti-thyroid medications, infectious etiologies, occurrences of DKA, surgical interventions, radioiodine therapy, adrenal insufficiency, and administration of iodine-containing contrast agents (1). Among these, the cessation of antithyroid medications, infectious episodes, and occurrences of DKA are particularly prevalent and deemed conceivable triggers for TS in the clinical scenario under consideration. The present case manifests a cascade of events wherein an acute infectious episode precipitated DKA, subsequently culminating in TS. Of paramount concern, an empirical report underscored a mortality rate of 15% in cases where TS coexists with DKA (12). Despite the substantial fatality associated with this complex clinical entity, it is noteworthy that the incidence of TS complicating DKA remains infrequent. However, meticulous statistical data pertaining to this specific intersection of pathologies are not yet readily available.

Hyperthyroidism exerts its influence on glucose metabolism by inducing insulin resistance through the upregulation of glucose production via glycolytic and gluconeogenic pathways, while concurrently enhancing intestinal glucose absorption (13). Additionally, thyroid hormones contribute to lower serum insulin levels by augmenting renal excretion (14). This dual impact results in insulin deficiency and resistance, lifting the inhibition on hormone-sensitive lipase, thereby fostering uncontrolled fat breakdown and increased fatty acid oxidation, ultimately elevating ketone production (15). The amalgamation of these metabolic perturbations manifests as hyperglycemia and DKA, a phenomenon that explains the recurrent episodes of normoglycemic DKA observed in the present case, thereby posing challenges for prompt resolution. In severe cases, the confluence of TS and infection may accelerate β-cell destruction (16). During DKA, the body experiences both inflammatory and physiological stress, further predisposing it to the onset of TS. A comprehensive review was conducted in 2019 by Rathish and Karalliyadda (12), wherein the characteristics of the 26 cases featuring the coexistence of TS and DKA were summarized through database retrieval. While most cases had pre-existing diabetes diagnosis preceding the occurrence of TS, the temporal sequence of DKA antedating TS remains ambiguous. Some scholars posit that excess thyroid hormones precipitate DKA, subsequently culminating in TS (17). Notably, in patients with uncontrolled diabetes, reductions in T3 levels may be attributed to impaired T4-T3 peripheral conversion, a situation potentially alleviated with improvements in blood glucose control (18). Similar observations were made in our patient, marked by significantly elevated T4 levels, mildly elevated T3 levels, and noticeable decrease in TSH levels. The intricate interplay between hyperthyroidism and DKA constitutes a multifactorial process that requires comprehensive medical management and treatment. Specifically in diabetic patients with concomitant thyroid disorders, vigilant monitoring of metabolic status is imperative for timely intervention and prevention of complications.

Grave’s disease (GD) and T1DM share autoimmune underpinnings, constituting prevalent endocrine disorders that are frequently encountered in clinical practice. Remarkably, these conditions often coexist within the same individual. However, the relationship between GD and type 2 diabetes mellitus (T2DM) remains unclear. From a diagnostic perspective, the current case aligns with the criteria characteristic of autoimmune polyendocrine syndrome type 2 (APS-2), necessitating the presence of a minimum of two among the following autoimmune conditions: autoimmune thyroid disease, T1DM, and Addison’s disease (19). Genetic scrutiny of APS-2 has brought to light common genes and single-nucleotide polymorphisms associated with various organ-specific autoimmune diseases. Notably, individuals at risk for celiac disease within the APS-2 spectrum often exhibit variations in DR3-DQ2 and DR4-DQ8 (20), haplotypes synonymous with T1DM (21), autoimmune thyroid disease (22), and Addison’s disease (23). Additionally, genes encoding cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) (24), protein tyrosine phosphatase (PTPN1), non-receptor type 22 (PTPN22), transcription regulator protein BACH2 (25, 26), and CD25-interleukin-2 receptor (27) have been recognized for their association with APS-2 risk. Despite substantial progress in elucidating disease-related genetic factors, the heritability of APS-2 remains complex. A specific method for APS-2 detection is currently unavailable. However, the assessment of autoimmune antibodies has emerged as a valuable tool for evaluating disease risk, because these antibodies are often detectable several years before the onset of clinical manifestations. Among these antibodies, the thyroid peroxidase, glutamic acid decarboxylase, and 21-hydroxylase antibodies are the most prominent.

The incidence of DKA combined with TS is extremely low, and there are no clear criteria for the diagnosis and treatment of the intersection of the two endocrine emergencies. The diagnosis of TS relies on severe thyrotoxic symptoms, including persistent elevated body temperature that is difficult to reduce, tachycardia, congestive heart failure, central nervous system involvement, and gastrointestinal symptoms, among others. Interestingly, in this case, the patient did not have a high temperature in the emergency room and subsequently presented with hyperthermia in the intensive care unit after adequate rehydration. Previous literature reports suggest that this patient was not the only one to develop such a condition (28, 29), which may be related to the occurrence of DKA leading to a decrease in body temperature (30). The mechanism by which DKA causes hypothermia is not yet fully understood, and some studies claim that it is related to the lack of glucose endocytosis due to a deficiency of insulin, which leads to a lack of cellular heat-producing substrate (31). Other studies suggest that patients with DKA have ketones in the body, and the acidosis caused by the bodily accumulation of ketone bodies and lactic acid has an inhibitory effect on the thermoregulatory center (32). Diabetic patients also have impaired thermal insulation, and when combined with autonomic impairment, reflex vasoconstriction is diminished, and they become prone to excessive heat dissipation (33, 34). Perhaps these factors contributed to the patient not showing persistent hyperthermia at the beginning of treatment but only after subsequent DKA control.

Since the initial report of a diabetic coma combined with TS in 1951 (29), numerous similar cases have been documented over the past 70 years. Most of these cases were identified as TS during the patient’s initial clinic visit. However, there are few cases like the one at hand, which were diagnosed as pre-TS during the emergency room visit and subsequently progressed to a TS during hospitalization. It is necessary to emphasize, that the patient attained a BWPS score of 45 in the emergency department and met the TS2 criteria in the JTA owing to his tachycardia and gastrointestinal symptoms being considered associated with DKA, which is a common clinical occurrence in current times. The diagnosis of TS is challenging because of the absence of a specific indicator. This is demonstrated in the case report, where the patient did not exhibit the typical symptoms of TS, such as persistent hyperthermia. It is essential to consider that the effect of DKA on body temperature might have contributed to the patient’s condition. Therefore, we must acknowledge that there is a possibility that the score of TS has been underestimated.

When DKA and TS co-occur, the overlapping symptoms complicate the diagnosis of TS, as both conditions can present with tachycardia, fever, and gastrointestinal symptoms. The complexity of these combined symptoms underscores the absence of established guidelines that delineate clear criteria for distinguishing between active intervention and mere monitoring in such patients. This diagnostic ambiguity necessitates a judicious approach for the management of these patients.

Given the challenges associated with routine screening for thyroid dysfunction in all DKA patients that could lead to increased healthcare costs and resource utilization without commensurate benefits across all clinical settings, a more targeted approach is advisable. Screening should be particularly considered for patients who exhibit specific clinical indicators suggestive of thyroid dysfunction, or when the presentation of DKA is atypical. For instance, subtle signs of TS such as unexplained tachycardia, disproportionate fever, or gastrointestinal symptoms relative to the severity of DKA should trigger a further evaluation for TS.

Therefore, in cases where DKA and suspected TS coincide, it is critical to consider whether to refine existing diagnostic criteria or to adopt a more aggressive intervention approach. This strategy not only ensures efficient resource utilization but also enhances the precision of medical responses, thereby improving patient outcomes. Exercising clinical caution and maintaining vigilance are paramount in these complex clinical scenarios.




4 Conclusion

The coexistence of DKA and TS presents a unique clinical challenge that calls for careful clinical judgment and prompt treatment. This case underscores the importance of considering multiple diagnoses in patients with overlapping symptoms of different endocrine emergencies. The atypical presentation of the patient, in which DKA obscured the typical features of TS, highlights the need for clinicians to be highly vigilant regarding multiple concurrent endocrine disease, especially in patients with pre-existing endocrine disease. The management of this patient required coordination among multiple disciplines, including aggressive treatment for both DKA and TS, as well as supportive measures for associated complications. This case adds to the limited literature on the concurrent management of these conditions and emphasizes the importance of timely diagnosis and early intervention in the setting of overlapping endocrine emergencies. Future research should concentrate on developing clear diagnostic and therapeutic guidelines for patients with both DKA and TS to enhance prognosis in this high-risk population.





Data availability statement

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





Ethics statement

Written informed consent was obtained from the participant/patient(s) for the publication of this case report.





Author contributions

XyH: Writing – original draft, Investigation, Conceptualization. YC: Writing – review & editing, Resources. XwH: Writing – review & editing. JT: Writing – review & editing, Supervision.





Funding

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





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.



References
	1. Burch, HB, and Wartofsky, L. Life-threatening thyrotoxicosis. Thyroid storm. Endocrinol Metab Clin North Am. (1993) 22:263–77. doi: 10.1016/S0889-8529(18)30165-8
	2. De Leo, S, Lee, SY, and Braverman, LE. Hyperthyroidism. Lancet. (2016) 388:906–18. doi: 10.1016/S0140-6736(16)00278-6
	3. Atkinson, MA, Eisenbarth, GS, and Michels, AW. Type 1 diabetes. Lancet. (2014) 383:69–82. doi: 10.1016/S0140-6736(13)60591-7
	4. Kitabchi, AE, Umpierrez, GE, Miles, JM, and Fisher, JN. Hyperglycemic crises in adult patients with diabetes. Diabetes Care. (2009) 32:1335–43. doi: 10.2337/dc09-9032
	5. Khassawneh, AH, Al-Mistarehi, AH, Zein Alaabdin, AM, Khasawneh, L, AlQuran, TM, Kheirallah, KA, et al. Prevalence and predictors of thyroid dysfunction among type 2 diabetic patients: a case-control study. Int J Gen Med. (2020) 13:803–16. doi: 10.2147/IJGM.S273900
	6. Centeno Maxzud, M, Gómez Rasjido, L, Fregenal, M, Arias Calafiore, F, Córdoba Lanus, M, D'Urso, M, et al. Prevalence of thyroid dysfunction in patients with type 2 diabetes mellitus. Medicina. (2016) 76:355–8.
	7. Palma, CCSSV, Pavesi, M, Nogueira, VG, Clemente, ELS, Vasconcellos, LC, Pereira, LC, et al. Prevalence of thyroid dysfunction in patients with diabetes mellitus. Diabetol Metab Syndr. (2013) 5:58. doi: 10.1186/1758-5996-5-58
	8. Chiang, JL, Kirkman, MS, Laffel, LMB, and Peters, AL. Type 1 Diabetes Sourcebook Authors. Type 1 diabetes through the life span: a position statement of the American Diabetes Association. Diabetes Care. (2014) 37:2034–54. doi: 10.2337/dc14-1140
	9. Satoh, T, Isozaki, O, Suzuki, A, Wakino, S, Iburi, T, Tsuboi, K, et al. 2016 Guidelines for the management of thyroid storm from the Japan Thyroid Association and Japan Endocrine Society (First edition). Endocr J. (2016) 63:1025–64. doi: 10.1507/endocrj.EJ16-0336
	10. Fazeli Farsani, S, Brodovicz, K, Soleymanlou, N, Marquard, J, Wissinger, E, and Maiese, BA. Incidence and prevalence of diabetic ketoacidosis (Dka) among adults with type 1 diabetes mellitus (T1D): a systematic literature review. BMJ Open. (2017) 7:e016587. doi: 10.1136/bmjopen-2017-016587
	11. Akamizu, T. Thyroid storm: a Japanese perspective. Thyroid. (2018) 28:32–40. doi: 10.1089/thy.2017.0243
	12. Rathish, D, and Karalliyadda, S. Concurrent presentation of thyroid storm and diabetic ketoacidosis: a systematic review of previously reported cases. BMC Endocr Disord. (2019) 19:49. doi: 10.1186/s12902-019-0374-3
	13. Hays, MT. Thyroid hormone and the gut. Endocr Res. (1988) 14:203–24. doi: 10.3109/07435808809032986
	14. Gonzalo, MA, Grant, C, Moreno, I, Garcia, FJ, Suárez, AI, Herrera-Pombo, JL, et al. Glucose tolerance, insulin secretion, insulin sensitivity and glucose effectiveness in normal and overweight hyperthyroid women. Clin Endocrinol (Oxf). (1996) 45:689–97. doi: 10.1046/j.1365-2265.1996.8500860.x
	15. Al-Shoumer, KAS, Vasanthy, BA, and Al-Zaid, MM. Effects of treatment of hyperthyroidism on glucose homeostasis, insulin secretion, and markers of bone turnover. Endocr Pract. (2006) 12:121–30. doi: 10.4158/EP.12.2.121
	16. Cooppan, R, and Kozak, GP. Hyperthyroidism and diabetes mellitus. An analysis of 70 patients. Arch Intern Med. (1980) 140:370–3. doi: 10.1001/archinte.140.3.370
	17. Potenza, M, Via, MA, and Yanagisawa, RT. Excess thyroid hormone and carbohydrate metabolism. Endocr Pract. (2009) 15:254–62. doi: 10.4158/EP.15.3.254
	18. Gürsoy, N, Tuncel, E, Ertürk, E, İmamoğlu, Ş, and Arınık, A. The relationship between the glycemic control and the hypothalamus-pituitary-thyroid axis in diabetic patients. (1999). Available at: https://www.semanticscholar.org/paper/The-Relationship-Between-The-Glycemic-Control-and-G%C3%BCrsoy-Tuncel/0d56a18de7a5747e739a3643c5c09acf0d2831ff#citing-papers.
	19. Eisenbarth, GS, and Gottlieb, PA. Autoimmune polyendocrine syndromes. N Engl J Med. (2004) 350:2068–79. doi: 10.1056/NEJMra030158
	20. Sollid, LM, Markussen, G, Ek, J, Gjerde, H, Vartdal, F, and Thorsby, E. Evidence for a primary association of celiac disease to a particular Hla-Dq alpha/beta heterodimer. J Exp Med. (1989) 169:345–50. doi: 10.1084/jem.169.1.345
	21. Noble, JA, Valdes, AM, Cook, M, Klitz, W, Thomson, G, and Erlich, HA. The role of hla class Ii genes in insulin-dependent diabetes mellitus: molecular analysis of 180 Caucasian, multiplex families. Am J Hum Genet. (1996) 59:1134–48.
	22. Simmonds, MJ, and Gough, SCL. Unravelling the genetic complexity of autoimmune thyroid disease: Hla, Ctla-4 and beyond. Clin Exp Immunol. (2004) 136:1–10. doi: 10.1111/j.1365-2249.2004.02424.x
	23. Erichsen, MM, Løvås, K, Skinningsrud, B, Wolff, AB, Undlien, DE, Svartberg, J, et al. Clinical, immunological, and genetic features of autoimmune primary adrenal insufficiency: observations from a Norwegian registry. J Clin Endocrinol Metab. (2009) 94:4882–90. doi: 10.1210/jc.2009-1368
	24. Ueda, H, Howson, JMM, Esposito, L, Heward, J, Snook, H, Chamberlain, G, et al. Association of the T-cell regulatory gene Ctla4 with susceptibility to autoimmune disease. Nature. (2003) 423:506–11. doi: 10.1038/nature01621
	25. Grant, SFA, Qu, HQ, Bradfield, JP, Marchand, L, Kim, CE, Glessner, JT, et al. Follow-up analysis of genome-wide association data identifies novel loci for type 1 diabetes. Diabetes. (2009) 58:290–5. doi: 10.2337/db08-1022
	26. Eriksson, D, Bianchi, M, Landegren, N, Nordin, J, Dalin, F, Mathioudaki, A, et al. Extended exome sequencing identifies Bach2 as a novel major risk locus for Addison's disease. J Intern Med. (2016) 280:595–608. doi: 10.1111/joim.12569
	27. Lowe, CE, Cooper, JD, Brusko, T, Walker, NM, Smyth, DJ, Bailey, R, et al. Large-scale genetic fine mapping and genotype-phenotype associations implicate polymorphism in the Il2ra region in type 1 diabetes. Nat Genet. (2007) 39:1074–82. doi: 10.1038/ng2102
	28. Kunishige, M, Sekimoto, E, Komatsu, M, Bando, Y, Uehara, H, and Izumi, K. Thyrotoxicosis masked by diabetic ketoacidosis: a fatal complication. Diabetes Care. (2001) 24:171. doi: 10.2337/diacare.24.1.171
	29. Troen, P, Taymor, RC, and Goldberg, BI. Thyroid crisis associated with diabetic coma. N Engl J Med. (1951) 244:394–8. doi: 10.1056/NEJM195103152441103
	30. Nambu, T, Mori, K, Shinoto, Y, Izumi, R, Matsuo, K, Kanai, Y, et al. Diabetic ketoacidosis accompanied by hypothermia: a case report. Diabetes Res Clin Pract. (2012) 96:326–30. doi: 10.1016/j.diabres.2012.01.013
	31. Matz, R. Hypothermia in diabetic acidosis. Hormones. (1972) 3:36–41. doi: 10.1159/000178256
	32. Wright, CL, and Boulant, JA. Carbon dioxide and pH effects on temperature-sensitive and -Insensitive hypothalamic neurons. J Appl Physiol. (2007) 102:1357–66. doi: 10.1152/japplphysiol.00303.2006
	33. Scott, AR, Bennett, T, and Macdonald, IA. Diabetes mellitus and thermoregulation. Can J Physiol Pharmacol. (1987) 65:1365–76. doi: 10.1139/y87-215
	34. Stansberry, KB, Shapiro, SA, Hill, MA, McNitt, PM, Meyer, MD, and Vinik, AI. Impaired peripheral vasomotion in diabetes. Diabetes Care. (1996) 19:715–21. doi: 10.2337/diacare.19.7.715




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

Copyright © 2024 Huang, Chen, Huang and Tang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




ORIGINAL RESEARCH

published: 27 June 2024

doi: 10.3389/fendo.2024.1411891

[image: image2]


Association between blood urea nitrogen to serum albumin ratio and in-hospital mortality in critical patients with diabetic ketoacidosis: a retrospective analysis of the eICU database


Hua Chen 1,2†, Yufei Wang 1,2†, Rong Ji 1,2* and Minghui Li 1,3*


1 Center of Cardiovascular Medicine, Inner Mongolia People’s Hospital, Hohhot, China, 2 Graduate School, Inner Mongolia Medical University, Hohhot, China, 3 State Key Laboratory of Cardiovascular Disease, Department of Cardiology, Fuwai Hospital, National Center for Cardiovascular Disease, Chinese Academy of Medical Science and Peking Union Medical College, Beijing, China




Edited by: 

Aleksandra Klisic, Primary Health Care Center Podgorica, Montenegro

Reviewed by: 

Arianna Toscano, University Hospital of Policlinico G. Martino, Italy

Lorenzo Da Dalt, University of Milan, Italy

Yusuke Hirota, Tokyo Medical University Hachioji Medical Center, Japan

Francesco Di Giacomo Barbagallo, University of Catania, Italy

Cosmin Mihai Vesa, University of Oradea, Romania

*Correspondence: 

Rong Ji
 jirong0201@163.com 

Minghui Li
 15389819973@163.com










†These authors share first authorship


Received: 03 April 2024

Accepted: 13 June 2024

Published: 27 June 2024

Citation:
Chen H, Wang Y, Ji R and Li M (2024) Association between blood urea nitrogen to serum albumin ratio and in-hospital mortality in critical patients with diabetic ketoacidosis: a retrospective analysis of the eICU database. Front. Endocrinol. 15:1411891. doi: 10.3389/fendo.2024.1411891






Background

This study aimed to investigate the association between blood urea nitrogen to serum albumin ratio (BAR) and the risk of in-hospital mortality in patients with diabetic ketoacidosis.





Methods

A total of 3,962 diabetic ketoacidosis patients from the eICU Collaborative Research Database were included in this analysis. The primary outcome was in-hospital death.





Results

Over a median length of hospital stay of 3.1 days, 86 in-hospital deaths were identified. One unit increase in LnBAR was positively associated with the risk of in-hospital death (hazard ratio [HR], 1.82 [95% CI, 1.42–2.34]). Furthermore, a nonlinear, consistently increasing correlation between elevated BAR and in-hospital mortality was observed (P for trend =0.005 after multiple-adjusted). When BAR was categorized into quartiles, the higher risk of in-hospital death (multiple-adjusted HR, 1.99 [95% CI, (1.1–3.6)]) was found in participants in quartiles 3 to 4 (BAR≥6.28) compared with those in quartiles 1 to 2 (BAR<6.28). In the subgroup analysis, the LnBAR-hospital death association was significantly stronger in participants without kidney insufficiency (yes versus no, P-interaction=0.023).





Conclusion

There was a significant and positive association between BAR and the risk of in-hospital death in patients with diabetic ketoacidosis. Notably, the strength of this association was intensified among those without kidney insufficiency.





Keywords: blood urea nitrogen to serum albumin ratio, in-hospital mortality, intensive care unit, diabetic ketoacidosis, eICU database




1 Introduction

Diabetic ketoacidosis (DKA) is one of the most serious acute metabolic complications of diabetes (1, 2). DKA was characterized by hyperglycemia, ketosis, and metabolic acidosis. The diagnosis of DKA is typically based on the presence of hyperglycemia (blood glucose >250 mg/dL), ketonemia or ketonuria, and a high anion gap metabolic acidosis (serum bicarbonate <18 mEq/L and/or arterial pH <7.3) (3, 4).

Among individuals with diabetes, 10% of deaths are caused by confirmed or probable DKA or coma (4). Patients diagnosed with DKA or those experiencing recurrent DKA are at a significantly higher risk of all-cause mortality during their hospital stay (3). Moreover, these patients have a higher long-term mortality rate after discharge (5, 6). Therefore, it is crucial to identify precise and straightforward prognostic indicators.

Blood urea nitrogen to serum albumin ratio (BAR), as an innovative risk factor, is readily identifiable and easily accessible. It has been established as a prognostic marker for severe chronic obstructive pulmonary disease, sepsis, and cerebral hemorrhage (7–9). Due to hyperglycemia, DKA patients frequently exhibit osmotic diuresis, volume depletion, electrolyte imbalances, and a catabolic state. These conditions frequently result in complications such as dehydration, impaired renal function, and malnutrition (10, 11). The BUN level and serum albumin level are closely related to these conditions and complications (12–14). Consequently, BAR, a novel indicator that combines both indicators, may be a valuable and easily accessible prognostic indicator for DKA. However, relevant studies are lacking.

The aim of this study was to investigate the predictive value of BAR in relation to in-hospital mortality among patients with DKA. The data used in this study were obtained from the eICU database.




2 Materials and methods

Research data were extracted from the eICU Collaborative Research Database, which included medical information on 200,859 ICU admissions for 139,367 unique patients who were admitted to 335 ICUs across 208 hospitals in the USA between 2014 and 2015 (15). The author Li Minghui has completed PhysioNet training and was authorized to access the eICU database (Record ID: 55159033) (16).



2.1 Study population

A total of 4,441 DKA patients were initially identified by looking for International Classification of Diseases version 9 (ICD-9) code 250.1 (Diabetes with ketoacidosis) and the text “DKA/diabetic ketoacidosis” in the diagnosis datafile. The exclusion criteria included: (1) discharged within 4 hours after ICU admission; (2) no laboratory record of BUN or albumin results during the first 24 hours or after ICU admission. For patients with multiple ICU admissions, only the first admission record was kept. A total of 3,962 DKA patients entered the study cohort (Figure 1).

[image: Flowchart showing the selection of diabetic ketoacidosis patients for a study. Initially, 4,441 patients were admitted to the ICU. Exclusions included 8 patients with a stay under 4 hours and 741 without BUN and albumin results. Consequently, 3,692 patients were included and divided into four groups: LnBAR Q1 (921 patients), LnBAR Q2 (925 patients), LnBAR Q3 (922 patients), and LnBAR Q4 (924 patients).]
Figure 1 | Flow chart of study population selection. ICU, intensive care unit; BUN, blood urea nitrogen; LnBAR, the natural logarithm of blood urea nitrogen to serum albumin ratio.




2.2 Selection of lab test results

In one ICU stay, a lab item could be repeatedly tested as treatment proceeded. To capture the value of lab items most representative of a patient’s baseline status at the time of ICU admission, the test result of a lab item which record time was closest to the ICU admission time and within 24 h of ICU admission was used. Lab data have been technically validated and checked for integrity following a series of procedures stated in the database document (17). To maintain statistical power and diminish bias that might occur after subjects with missing data were excluded from analyses, we used multivariate multiple imputation with chained equations to impute missing values (18).




2.3 Exposure and outcome measurements

Due to the positively skewed distribution of BAR with a long right tail, the natural logarithm of BAR (LnBAR) of patients measured at the time closest to the ICU admission time and within 24 h of ICU admission was employed as the exposure of this study. The “labResultOffset” column of the “lab” table in the eICU database stored the interval between a patient’s ICU admission time and the time a biomarker’s lab value was drawn. By joining the “lab” table with patient information and selecting the minimum offset value, the exact blood urea nitrogen and serum albumin value measured closest to the ICU admission of each patient was identified.

The study outcome was in-hospital death. In-hospital death was defined as death occurring on or before the day of hospital discharge. It was identified by examining the “hospitalDischargeStatus” and “unitDischargeStatus” of the patient table. The general introduction of table structure and database schema can be freely accessed at https://eicu-crd.mit.edu.




2.4 Identification of covariates

The inclusion of covariables is based on the following principles: (1) Based on a series of existing publications (19–24); (2) Covariables change the impact estimates of the correlation between DKA hospitalization mortality by 10% or more; or (3) Clinical experience. Covariates with multiple collinearities were excluded from the analysis. Body mass index (BMI) was calculated as admission weight in kilograms divided by the square value of admission height in meters. Ethnicity was categorized as White, Black, Asian and others, as documented in the database. Comorbidities diagnosed during the ICU stay were identified by examining ICD-9 codes and diagnosis text of the Philips eCareManager system from the database. The comorbidities included in this research were diabetes type, hypertension, acute myocardial infarction, heart failure, infectious disease, chronic kidney disease, neurological diseases, dialysis requirement, and history of invasive ventilation use (IVU). The vital signs including heart rate and mean arterial pressure were included. Serum electrolyte levels including blood sodium, blood potassium, blood calcium, and blood chloride were included. Indicators of liver and kidney function including eGFR, alanine transferase (ALT), and aspartate aminotransferase (AST) were included. The level of blood glucose was included. Blood gas parameters including bicarbonate, anion gap, PaO2, and PaCO2 were included. White blood cell counts and hemoglobin levels in the blood were included. Sepsis was included. The treatment histories of dialysis and invasive ventilation were included. Furthermore, Glasgow Coma Scale (GCS) was included to identify patients at high risk.




2.5 Statistical analysis

Baseline characteristics of the study cohort were stratified by the quartile of their baseline LnBAR levels. Continuous data were presented as the mean (standard deviation [SD]) for normally distributed data and the median (interquartile range [IQR]) for skewed data. Categorical data were presented as the total number of an item with column percentage (n [%]) unless otherwise specified. Crude comparisons between strata were performed using Kruskal-Wallis rank test for continuous data and chi-square tests for categorical variables.

Univariate and multivariate Cox regression models were used to assess the hazard ratio (HR) of LnBAR with in-hospital mortality. In the crude model, no variables were adjusted for during the analysis. In Model 1, the potential confounded factors including age, gender, and ethnicity were incorporated into the adjustment process. Model 2 expanded on Model 1, accounting for a more comprehensive list of parameters. This included BMI, heart rate, and MAP. The adjusted logarithmic relative risks (logRRs) of in-hospital death plotted against LnBAR were visualized, with a fitted smoothed curve to represent the trend. Non-linearity of these associations was tested with a likelihood ratio test. we used a recursive algorithm to calculate the inflection points. We also graphically represented the adjusted log RRs for in-hospital death across the continuous range of LnBAR using three separate plots stratified by sex, age categories (<65 years vs. ≥65 years), and kidney insufficiency status (yes vs. no).

Then, the time-dependent receiver operating characteristic (TDROC) curves were used to examine the association of the BAR with in-hospital mortality. The areas under the TDROC curves were used to compare the predictive value of BAR and the predictive value of BUN.

Sensitivity analysis was performed. (1) To authenticate the reliability of the data following multiple imputations, the percentage accounted for by the missing variables were computed. Subsequently, we orchestrated a comparison of the distributions of the missing variables prior to and following the implementation of multiple imputation. (2) Moreover, multivariate Cox regression was performed on complete case data as well as the dataset post multiple imputation separately. (3) To investigate a potential role of serum electrolyte levels, liver and kidney indices, diabetes type and blood glucose level, blood gas parameters, WBC count and hemoglobin level, sepsis and infectious diseases, comorbidities, and GCS with any of the observed associations, we further adjusted for serum electrolyte levels (including blood sodium, blood potassium, blood calcium, and blood chloride), indicators of liver and kidney function (eGFR, ALT, and AST), diabetes type and blood glucose level, blood gas parameters (blood bicarbonate, anion gap, PaO2 and chloride), indicators of liver and kidney function (eGFR, ALT, and AST), diabetes type and blood glucose level, blood gas parameters (blood bicarbonate, anion gap, PaO2, PaCO2), WBC count and hemoglobin level, sepsis and infectious disease, comorbidities (neurological disease, acute myocardial infarction, hypertension, heart failure, chronic renal failure), and GCS. (4) The main analyses were repeated on data set without participants with eGFR < 30 ml/min/1.73m2. (5) The areas under the TDROC curves were employed to assess the predictive value of BAR in comparison to that of other direct markers of acidosis, including serum anion gap, serum bicarbonate, and blood glucose. (6) As an observational study, we included a STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) checklist of items in the sensitivity analyses to ensure the reproducibility of the reporting. The analyses were done using the statistical packages R v.4.2.0 (R Foundation for Statistical Computing; http://www.r-project.org). A two-sided P value < 0.05 was considered statistically significant.





3 Results



3.1 Baseline characteristics

Over a median length of hospital stay of 3.1 days, 86 in-hospital deaths were identified. Significant differences in baseline characteristics including age, sex, ethnicity, BMI, heart rate, MAP, medical history, laboratory results, IVU, and dialysis were found among baseline BAR quartiles (Table 1).

Table 1 | Baseline characteristics of participants based on BAR quartiles.


[image: A detailed table shows demographic and clinical data of patients divided into BAR quartiles. Variables include age, sex, ethnicity, BMI, heart rate, MAP, comorbidities during ICU stay, and laboratory results. Statistical significance is reflected in P-values. Comorbidities and lab results cover infectious diseases, glucose, creatinine levels, and more, with data presented as averages or percentages. The table also notes BUN, sodium, potassium levels, and outcomes like death rates. Abbreviations explained include BMI, MAP, and others.]
Starting with demographic variables, there was a steady increase in age (p<0.001) and percentage of males (p<0.001) from the first to the fourth quartile. The ethnicity showed differences in distribution (p=0.002). BMI, heart rates, and MAP also progressively inclined across the quartiles, indicating a significant variation (p<0.001).

Medical history revealed higher trends of pre-existing conditions, such as infectious disease, neurological diseases, AMI, hypertension, CHF, and CKD from Q1 to Q4 (p<0.001, for each). The laboratory results further corroborated these trends, with an overall increase across the quartiles in values of BUN, potassium, glucose, WBC, and significant reduction in eGFR (p<0.001 for each). Sodium, hemoglobin, and albumin levels also displayed dipping trends from Q1 to Q4 with statistical significance (p<0.001). Instances of IVU and dialysis seemed to escalate from Q1 to Q4 with a significant p-value (<0.001). A similar progression was noted for mortality rates across the quartiles (p<0.001).




3.2 Association between LnBAR and in-hospital death

Following the Akaike information criterion, a total of 3 knots were used in modeling. Knot positions were selected at the 10th, 50th, and 90th percentiles of baseline LnBAR levels, among which the 50th percentile was selected as the reference value. In the unstratified cohort, a consistently significant nonlinear association (P for nonlinearity <0.012) between baseline LnBAR and in-hospital death was observed after adjusting for multiple confounders (Figure 2).

[image: Line graph illustrating the relationship between LnBAR and adjusted log relative risks (RRs) for in-hospital death. The x-axis represents LnBAR values ranging from 0.5 to 1.5. The y-axis shows adjusted log-RRs from 0.00 to 0.30. A solid line depicts the trend, increasing gradually and curving upwards, with two dotted lines indicating the confidence interval. Vertical lines at the bottom represent individual data points.]
Figure 2 | Nonlinear dose-response relationship between LnBAR and in-Hospital mortality. The adjusted variables were consistent with Model 2 in the multivariate regression analysis. The solid line and dashed line represent the estimated values and their corresponding 95% confidence intervals.

In the multivariable Cox regression analysis (Table 2), the association between LnBAR and in-hospital mortality was assessed across three different models. The LnBAR, as a continuous variable, showed a significant association with in-hospital mortality in the unadjusted model, Model 1, and Model 2, with hazard ratios (HRs) of 1.89 (95% confidence interval [CI], 1.54–2.34; P<0.001), 1.73 (95% CI, 1.38–2.16; P<0.001), and 1.82 (95% CI, 1.42–2.34; P<0.001), respectively.

Table 2 | Multivariable Cox regression analysis to assess the association between LnBAR and in-hospital mortality in different models.


[image: Table presenting hazard ratios (HR), confidence intervals (CI), and P-values for LnBAR in unadjusted, Model 1, and Model 2. LnBAR HR is 1.89 unadjusted, 1.73 in Model 1, and 1.82 in Model 2, all with P-values less than 0.001. Quartiles compare Q2 to Q4 against Q1. Q4 HR in unadjusted is 6.83 and 4.36 in Model 1 with P-values 0.001 or lower. Trend analysis shows significant results across models. Model 1 adjusts for age, gender, ethnicity; Model 2 for BMI, heart rate, and pressure.]
When BAR was categorized into quartiles, the highest quartile (Q4, BAR > 11.58) had a significantly higher risk of in-hospital mortality compared with the reference first quartile (Q1, BAR < 4.07) in all three models: unadjusted (HR, 6.83; 95% CI, 2.47–18.67; P<0.001), Model 1 (HR, 4.36; 95% CI, 1.52–12.51; P=0.007), and Model 2 (HR, 4.29; 95% CI, 1.49–12.34; P=0.008). The third quartile (Q3, 6.28≤BAR<11.58) also demonstrated a significant association with in-hospital mortality in the unadjusted model (HR, 3.75; 95% CI, 1.3–10.86; P=0.015) but did not reach statistical significance in Model 1 and Model 2. Quartile 2 (Q2, 4.07≤BAR<6.28) did not show a significant increase in risk across all models.

Furthermore, a significant trend across increasing BAR quartiles was observed for in-hospital mortality (P for trend <0.001 in unadjusted model; P for trend = 0.001 in Model 1 and Model 2). When combining quartiles to compare groups below and above a BAR of 6.28, a significant association with in-hospital mortality was found for Q3-Q4 (BAR ≥ 6.28) versus Q1-Q2 (BAR < 6.28) with HRs of 2.95 (95% CI, 1.69–5.15; P<0.001) in the unadjusted model, 2 (95% CI, 1.11–3.62; P = 0.024) in Model 1, and 1.99 (95% CI, 1.1–3.6; P = 0.025) in Model 2.




3.3 Subgroup analysis

In the assessment of potential effect modifiers for the relationship between LnBAR and the risk of in-hospital mortality among patients with DKA, sex and age did not significantly modify the association (P for interaction = 0.494 and 0.774, respectively) (Figure 3). However, the association was significantly modified by the presence of kidney insufficiency (P for interaction = 0.023). The HR for in-hospital death among patients without kidney insufficiency, for a per standard deviation increase in LnBAR, was 2.88 (95% CI, 1.71–4.85), which was notably higher than that among patients with kidney insufficiency at 1.35 (95% CI, 0.99–1.85). This indicates a stronger association of LnBAR with in-hospital mortality in patients without kidney insufficiency. The risk curves indicate that as LnBAR increases, the adjusted log RRs also increases, and this effect is more pronounced in patients without kidney insufficiency.

[image: Panel A shows the relationship between sex and adjusted log-relative risks for in-hospital death based on LnBAR, with males and females having risks of 1.78 and 1.64, respectively. Panel B displays age categories, comparing those under and over 65 years, with risks of 1.70 and 2.30. Panel C depicts kidney insufficiency, contrasting those with and without the condition, with risks of 1.32 and 2.44. Each panel includes a p-value for interaction.]
Figure 3 | Nonlinear dose-response relationship between LnBAR and in-Hospital mortality in subgroup by sex, age, and kidney insufficiency. The adjusted variables were consistent with Model 2 in the multivariate regression analysis. The solid line and dashed line represent the estimated values and their corresponding 95% confidence intervals. (A) Subgroup by sex; (B) Subgroup by age; (C) Subgroup by kidney insufficiency.




3.4 TDROC curve analysis for in-hospital mortality

TDROC curves were used to compare the predictive value of BAR and BUN (Figure 4 and Table 3). For BAR, for the 5-day mortality, the AUC was 0.6198, and the Max Youden was 0.2068. For 10-day mortality, the AUC was 0.6242, and the Max Youden was 0.2175. For BUN, for the 5-day mortality, the AUC was 0.6123, and the Max Youden was 0.1664. For 10-day mortality, the AUC was 0.6145, and the Max Youden was 0.175. Therefore, the predictive value of BAR appeared to perform better than BUN in terms of overall accuracy and balance between sensitivity and specificity for both 5-day mortality and 10-day mortality.

[image: Two ROC curve graphs labeled A and B compare sensitivity against one minus specificity. Both graphs have lines representing Time equals five in black and Time equals ten in gray. Graph A shows higher sensitivity compared to Graph B overall. Both graphs feature a diagonal dashed line representing a random chance reference.]
Figure 4 | The time-dependent receiver operating characteristic (TDROC) curves of the predictive value of BAR and BUN for in-hospital mortality in patients with diabetes (A) TDROC for BAR. (B) TDROC for BUN. BAR, blood urea nitrogen to serum albumin ratio; BUN, blood urea nitrogen.

Table 3 | The time-dependent receiver operating curves (TDROC) for the predictive value of BAR and BUN for in-hospital mortality in patients with diabetes.


[image: Table comparing BAR and BUN over time. BAR at five days: AUC 0.69, Max Youden 0.33; at ten days: AUC 0.74, Max Youden 0.47. BUN at five days: AUC 0.63, Max Youden 0.25; at ten days: AUC 0.7, Max Youden 0.46. AUC: area under the curve. BAR: blood urea nitrogen to serum albumin ratio. BUN: blood urea nitrogen.]



3.5 Sensitivity analysis

The extent of missing data varied from 1.1% to 24.1% across the distinct variables. The distributions of any variable exhibiting missing data were the same between the imputation datasets and the observed complete case data (Supplementary Table 1). Multiple regression analyses using only subjects with complete data gave similar results to those undertaken on the multiple imputed datasets (Supplementary Table 2). Similar results were observed when further adjusting for serum electrolyte levels (including blood sodium, blood potassium, blood calcium, and blood chloride), indicators of liver and kidney function (eGFR, ALT, and AST), diabetes type and blood glucose level, blood gas parameters (blood bicarbonate, anion gap, PaO2 and chloride), indicators of liver and kidney function (eGFR, ALT, and AST), diabetes type and blood glucose level, blood gas parameters (blood bicarbonate, anion gap, PaO2, PaCO2), WBC count and hemoglobin level, sepsis and infectious disease, comorbidities (neurological disease, acute myocardial infarction, hypertension, heart failure, chronic renal failure), and GCS. (Supplementary Table 3). The results from data set without participants with eGFR < 30 ml/min/1.73m2 were consistent with the results from complete data set (Supplementary Table 4). The TDROC indicated that the predictive value of BAR appears to perform better than markers of acidosis including anion gap, bicarbonate, and blood glucose level in terms of overall accuracy and balance between sensitivity and specificity for both 5-day mortality and 10-day mortality (Supplementary Table 5 and Supplementary Figure 1). The STROBE checklist of items in was shown in Supplementary Table 6.





4 Discussion

This study demonstrated that BAR was an independent risk factor for in-hospital death in ICU-admitted DKA patients. After adjusting for multiple confounders, LnBAR was nonlinearly associated with in-hospital death, with the risk of in-hospital death increasing with increasing LnBAR. The findings remained consistent in the unstratified cohort and the male cohort, and age-specific cohorts. However, in the groups based on kidney efficiency, we found that the relationship between LnBAR and in-hospital death was more pronounced in the group without kidney insufficiency. The results of the sensitivity analysis were consistent with the main analysis.

A previous study by Hang et al. demonstrated that elevated levels of BAR were associated with a higher risk of in-hospital mortality in critical DKA patients (25). Our study aimed to further investigate this relationship using a larger sample size and a multi-center approach. Based on sufficient participants, we grouped the data by quartiles, applied a trend test on the multivariate regression models, and visualized a fitted smooth curve. As a result, we further identified a nonlinear, monotonically increasing relationship between elevated BAR and in-hospital mortality of critical DKA patients. In addition, we conducted a subgroup analysis, which revealed a more pronounced relationship in the subgroup without kidney insufficiency. Therefore, our study bolsters previous research and further confirms the correlation between BAR and in-hospital mortality in critical DKA patients, enhancing its applicability in clinical settings.

The correlation between BAR and in-hospital mortality in patients with DKA may be associated with the pathophysiology intrinsic to DKA itself. DKA is often accompanied by volume depletion, which can lead to acute kidney injury (26, 27). BUN, as the end product of urea, is excreted by the kidneys and reflects the patient’s dehydration status (28, 29). It is also an indicator of renal failure (30, 31), surpassing other markers such as serum creatinine (32, 33).

On the other hand, there is a negative correlation between the patient’s serum albumin concentration and the risk of ketosis (27). Serum albumin is a reliable predictor of DKA occurrence in diabetic patients and an indicator of poor prognosis (34–36).Serum albumin levels may indirectly reflect the insulin reserves of diabetic patients, as they are inversely related to HbA1c (37). Serum albumin has a half-life of approximately 21 days, making it more sensitive to recent changes in mean blood glucose levels than HbA1C (38). This makes it a more suitable indicator of short-term variations in a patient’s blood glucose levels.

The study’s strengths include its large size, cohort design, multi-center data source, and consistent results in subgroups. However, our study has several limitations that should be acknowledged. Firstly, while the eICU database is a valuable resource, the quality of data may be variable due to potential inconsistencies and errors arising from the manual data entry across various ICU units from different hospitals. As such, we cannot completely rule out the possibility of inaccuracies in our data. Secondly, the generalizability of our findings may be limited as the eICU database primarily consists of data from the United States. Hence, our results may not be directly applicable to healthcare settings in other countries or to populations with diverse ethnic backgrounds. Thirdly, with the increased use of sodium-glucose cotransporter protein 2 inhibitor drugs, euglycemic diabetic ketoacidosis (EDKA) is becoming more common. We also observed a lower BAR in EDKA participants in analyses. However, since eICU data was collected between 2014 and 2015, when sodium-glucose cotransporter protein 2 inhibitor drugs were just becoming widely available, the number of EDKA cases was small in our cohort (181 participants, 3 in-hospital deaths). Further studies are necessary to validate the predictive value of BAR in the EDKA population. Fourthly, the complexity of the data precluded further analysis of trends in BAR during hospitalization and the impact of treatment regimens on admission mortality in patients with DKA. Further studies are necessary in the future to validate the impact of these factors on the predictive value of BAR, thereby further guiding the clinical application of BAR. Another significant limitation is the retrospective design of our study. While we have tried to control for confounding variables through statistical models, there remains the potential for selection bias and residual confounding. Additionally, this design prevents us from establishing a definitive cause-effect relationship. Furthermore, our study may have been affected by missing or incomplete data in the eICU database. Although we have attempted to address this issue by employing multiple imputations, this may still bias our results. Factors such as pH, plasma osmolality, and urine osmolality, which significantly impact the prognosis of DKA patients, were not included in our study due to numerous missing values in the eICU database. Furthermore, the categorization of ICU patients according to severity plays a crucial role in prognosis estimation. However, upon incorporating the APACHE IV scoring into our model, we observed multicollinearity. We conjecture that this occurrence is due to the inclusion of BUN and albumin within the APACHE IV scoring criteria. Additionally, the data of the SOFA score was not available within the eICU database. Finally, the database contains limited information on long-term follow-up, thereby limiting our understanding of the survival rates or long-term outcomes for the patients beyond their ICU stays. Accordingly, we recommend prospective studies and further research to validate and augment our findings, as well as mitigate these limitations.




5 Conclusion

In summary, the study indicated that baseline LnBAR is nonlinearly associated with in-hospital mortality among ICU-admitted DKA patients. After multiple adjustment, one unit increase in LnBAR was positively associated with the risk of in-hospital death. Furthermore, when BAR was categorized in quartiles, the higher risks of in-hospital death were found in participants in quartile 3 to 4 (BAR≥6.28), compared with those in quartile 1 to 2 (BAR<6.28). In the subgroup analysis, the LnBAR-hospital death association was significantly stronger in participants without kidney insufficiency. These highlighted associations provide a new insight into the prognosis of DKA patients and emphasize the potential importance of BAR as a predictive biomarker for in-hospital mortality among ICU-admitted DKA patients. Further studies are needed to validate these findings and to explore the precise mechanisms involved, which could pave the way for more targeted risk-reduction strategies in the future.
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Introduction: Non-adherence to dietary guidelines is a significant challenge in managing diabetes mellitus and its complications. Its consequences were significantly associated with a deterioration in patients’ quality of life and an increased socioeconomic burden on healthcare delivery systems. This study aimed to assess the magnitude of adherence to recommended diet and associated factors among patients with diabetes mellitus type 2 on follow-up care at Adama Hospital Medical College Oromia, Ethiopia.
Methods: A hospital-based cross-sectional study design was conducted. Participants were selected through systematic random sampling. Data were collected using structured, interviewer-administered questionnaires. The perceived dietary adherence questionnaire was used to assess the level of dietary adherence. A simple binary logistic regression was used to identify candidate variables, while a multivariable logistic regression assessed factors associated with adherence to the recommended diet. A p-value <0.05 were considered as statistically significant. All analyses were performed using SPSS and R programming software.
Result: A total of 405 participants were included in the study, with a response rate of 96.2%. The magnitude of non-adherence to the recommended diet was 64.2% (95% confidence interval [CI]: 59.8, 68.6). In the multivariable logistic regression model, patients with low and middle income (AOR = 8.0; 95% CI: 3.4, 19.2) and (AOR = 2.75; 95% CI: 1.49, 5.55) respectively, high glycemic level (AOR = 2.15; 95% CI: 1.17, 3.94), food insecure (AOR = 12.7; 95% CI: 5.79, 28.2), poor diabetic knowledge (AOR = 2.88; 95% CI: 1.49, 5.55) and low perceived susceptibility (AOR = 2.97; 95% CI: 1.62, 5.45) were significantly associated factors for non-adherence to recommended diet among patients with diabetes mellitus type 2.
Conclusion: This study revealed that approximately two-thirds of patients with type 2 diabetes mellitus experienced non-adherence to the recommended diet. Key factors linked to dietary non-adherence among T2DM patients include low to middle income, elevated glycemic levels, household food insecurity, limited diabetes knowledge, and low perceived susceptibility. An integrated approach that combines socioeconomic support, nutritional guidance, and risk awareness may greatly enhance dietary adherence and optimize diabetes management.

Keywords
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Introduction

Diabetes mellitus is a metabolic disorder with various causes that impair the body’s ability to process glucose for energy, leading to elevated blood sugar levels due to defects in insulin secretion, action, or both (1). It can significantly increase the risk of premature death (2). According to the World Health Organization, adherence is how a person’s behavior such as taking medication, following a diet, and making lifestyle changes aligns with their healthcare provider’s recommendations (3). Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder influenced by genetics, lifestyle, and diet (4) and represents 90% of all diabetes cases, posing a significant and growing global health burden (5). Managing Type 2 diabetes requires regular self-care and significant lifestyle changes, primarily dietary modifications (5). Diabetes patients who fail to adhere to the recommended dietary regimen are at risk of developing life-threatening complications (6).

Dietary non-adherence can progressively worsen diabetic conditions (7). Research indicates that the rates of dietary non-adherence among people with type 2 diabetes vary widely across countries, ranging from 29.9 to 97.5% (8, 9). Similarly, several studies suggested that dietary non-adherence rates among individuals with type 2 diabetes vary significantly, with 63% in Botswana, 97.5% in Egypt (3, 9), and 46.8 to 79% in Ethiopia (10, 11). The recommended diet includes fruits, vegetables, nuts, whole grains, and unsaturated fats, while snacks high in fat, sugar, or salt should be avoided (12).

A growing number of fast food restaurants, urbanization, globalization, and rapid socioeconomic development, which can lead to atypical consumption patterns and overdependence, may contribute to Type 2 diabetes mellitus patients’ difficulties in adhering to their dietary regimens (8). Non-adherence to diet can gradually worsen the disease, impacting the patient’s quality of life, the healthcare provider, and the healthcare delivery system. It can lead to increased mortality, longer hospital stays, and higher costs and burden of the disease (13).

Although a few studies in Ethiopia (14, 15) have used the 8-item Morisky Medication Adherence Scale (MMAS-8) to assess dietary adherence in patients with type 2 diabetes, this tool was originally designed to measure medication adherence rather than dietary habits. As a result, the MMAS-8 may not capture the full range of dietary practices essential for effective diabetes management. In contrast, our study utilizes the Perceived Dietary Adherence Questionnaire (PDAQ), a validated tool specifically developed to assess dietary adherence in alignment with the Canadian Diabetes Association (CDA) nutrition therapy guidelines (16, 17). The PDAQ’s validation against repeated 24-h dietary recalls provides a more accurate and focused measure of dietary adherence among patients with diabetes.

Additionally, our study includes a relatively larger sample size, enhancing the accuracy and precision of our findings. This robust methodological approach, combined with the larger sample, provides a more comprehensive understanding of dietary adherence patterns among Ethiopian patients with type 2 diabetes, offering valuable insights to guide more effective, population-specific dietary interventions.



Methods


Study setting and design

A hospital-based cross-sectional study was conducted at Adama Hospital Medical College from January 1 to February 14, 2023. This hospital, located in Adama town in the Oromia Region, is one of the first medical hospitals in the area, situated 100 km southeast of Addis Ababa. The hospital was inaugurated by missionaries from abroad in 1938 E.C. and was among the first non-governmental hospitals in the nation. It serves a catchment population of over 6 million people from five regions (Oromia, Amhara, Afar, Somali, and Dire-Dawa). The hospital was selected purposively for this study due to the availability of regular DM case follow-up and the large number of type 2 DM cases at the Diabetic Clinic.



Inclusion and exclusion criteria for participants

This study included patients with Type 2 diabetes who had received treatment follow-up for at least 6 months during the data collection period. Patients with newly diagnosed Type 2 diabetes, those needing ongoing medical support and monitoring, and individuals under 18 years of age were excluded from the study.



Sample size determination

A single population proportion formula was used to determine the sample size (18), assuming a 95% confidence interval (CI) with a 5% margin of error and a non-adherence proportion of 46.8%, based on a study conducted at Felege-Hiwot Referral Hospital in northwest Ethiopia (10). A total of 421 participants were included in the study, accounting for a 10% non-response rate.

[image: Mathematical equation for sample size determination: n equals Z squared sub alpha over two times p times q divided by d squared, equals four hundred twenty-one.]



Sampling procedures

A systematic random sampling method was used to select patients with type 2 diabetes mellitus (DM). The sampling interval was determined by dividing the total DM patient population by the calculated sample size. The first participant was chosen through simple random sampling, and subsequent participants were selected at regular intervals. Data were collected from each study participant during their clinic visits using a structured questionnaire administered through face-to-face interviews.



Study variables and measurements

The dependent variable in this study was adherence to the recommended diet (categorized as adherent or non-adherent). The independent variables included various socio-economic and demographic factors, such as participant age, sex, educational status, residence, marital status, occupation, family income, and family size. Additionally, the study considered anthropometric and clinical characteristics, including BMI, glycemia levels, comorbidities, family history of diabetes mellitus (DM), duration of illness, treatment type, food-related factors, diabetes education, awareness of diabetic diets, and household food security status. Psychosocial and behavioral factors such as smoking and drinking habits, khat use, and family/social support were also included. Finally, the diabetic health belief model was assessed through perceived susceptibility, perceived severity, perceived benefits, perceived barriers, depression, and diabetic knowledge.

The study employed the Perceived Dietary Adherence Questionnaire (PDAQ) to assess dietary non-adherence. Developed by Asaad et al. (16), this nine-item tool measures patients’ perceptions of their adherence to dietary guidelines. Responses on the PDAQ are recorded on a seven-point Likert scale, reflecting food consumption over the past 7 days. Generally, higher scores indicate better adherence, except for items 4 and 9, which assess the consumption of high-sugar or high-fat foods; in these cases, higher scores signify lower adherence. A patient is considered to have good dietary adherence if they maintain a healthy diet at least 4 days a week.

The Perceived Dietary Adherence Questionnaire (PDAQ) (16) and the Morisky Medication Adherence Scale (MMAS) (19) both assess adherence but in different domains: PDAQ for dietary adherence and MMAS for medication adherence. The PDAQ has demonstrated strong validity and reliability, similar to the MMAS, with high internal consistency (Cronbach’s alpha >0.80) and stable test–retest reliability. Both tools are concise, reducing respondent burden and enhancing adequacy for clinical and research use. They are sensitive to adherence changes over time, making them valuable in intervention studies; however, the PDAQ is specifically tailored to assess dietary behavior changes.

Household food insecurity was assessed using the Household Food Insecurity Access Scale (HFIAS), adapted from the food and nutrition technical assistance guidelines. Responses were aggregated to create an index representing the level of household food insecurity (16, 20). Participants’ height was measured with a stadiometer, recorded to the nearest 0.1 cm, while their weight was measured using a digital scale, recorded to the nearest 0.1 kg. The scale was reset to zero before and after each measurement. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters (kg/m2).

The Patient Health Questionnaire-9 (PHQ-9) was utilized to assess depression in patients with Type 2 diabetes mellitus. This nine-item questionnaire was adapted from Pfizer Inc. (21). Diabetes knowledge was measured using a 20-item yes/no questionnaire, where each correct answer scored “1” and incorrect or unknown responses scored “0,” resulting in a total score ranging from 0 to 20. Participants with scores equal to or above the mean were classified as having good knowledge, while those scoring below the mean were considered to have poor knowledge (22). Diabetic health beliefs were evaluated using 14 adapted questions on a 5-point scale, based on a similar study conducted in Igala, Nigeria (23). These questions assessed participants’ perceptions of susceptibility and severity regarding diabetes complications, as well as the perceived benefits and barriers to dietary recommendations. The scores for each health belief construct were summed to categorize respondents as having high or low levels based on whether their scores were above or below the mean cutoff.



Data quality assurance

Data collectors and supervisors received 1 day of training on the study tools, objectives, and interview techniques. Anthropometric measurements followed standard procedures with calibrated instruments, and regular supervision and follow-up were conducted. A pretest with 5% of type 2 diabetic patients from outside the study area ensured response consistency. The questionnaire was reviewed for content, consistency, and organization, and modified as needed. Data quality was monitored daily for completeness, consistency, and accuracy by the principal investigators.



Data processing and analysis

Descriptive statistics, including frequencies and percentages for categorical variables and means with standard deviations for continuous variables, were used to summarize the data. Bivariate logistic regression analysis was conducted to examine associations between independent variables and adherence to recommended dietary practices, with variables showing a p-value less than 0.25 considered for multiple logistic regression to identify significant predictors of dietary adherence. Model fit for the final analysis was assessed using the Hosmer–Lemeshow test (p-value = 0.504), indicating an adequate fit. The Variance Inflation Factor (VIF) was calculated to evaluate multicollinearity, ensuring no interference with model interpretation, while the Shapiro–Wilk test assessed normality for continuous variables, confirming that assumptions for statistical analyses were met. A p-value of less than 0.05 was set to determine statistical significance. All analyses were conducted using SPSS version 26.0 and R version 3.4.3 (R Foundation for Statistical Computing, Vienna, Austria).



Ethical clearance

Ethical clearance was obtained from the Adama Hospital Medical College of institutional review Board committee. Informed written consent was obtained from participants. Those unwilling to participate or who chose to withdraw during the study were allowed to discontinue their involvement at any time.




Results


Socio-demographic characteristics of the participants

Out of 421 eligible respondents, 405 (with a response rate of 96.2%) participated in the study. The mean age of participants was 56.2 years (SD ±10.11). Among the participants, 216 (53.3%) were female. Regarding religion, 242 (59.8%) participants were Orthodox, followed by Muslims 93 (23.3%). The majority of participants, 299 (73.8%), were married and 372 (91.9%) urban residents. One hundred thirty-three 133 (32.8%) participants had attended primary school, while 108 (26.7%) were illiterate. Of the total participants, 135 (33.3%) were housewives, 177 (43.7%) participants had medium monthly income, and 277 (68.4%) participants had family sizes of fewer than five members (Table 1).



TABLE 1 Socio-demographic and economic characteristics of patients with DM 2 type attending follow-up care at Adama Hospital Medical College, Oromia, Ethiopia, 2023 (n = 405).
[image: Table displaying demographic variables with frequency and percentage data. Categories include gender, age groups, religion, residence, educational status, marital status, occupation, monthly income in Birr, and family size. Notably, 53.3% are female and 91.9% reside in urban areas. Age 60 and above constitutes 39.8%, while 32.8% have primary education. Married individuals are 73.8%, and 33.3% are housewives. Most households have fewer than five members at 68.4%.]



Anthropometric and clinical characteristics of study participants

The mean duration follow-up was 5.5 years (SD ±4.5), with 145 (35.8%) participants reported a family history of diabetes. Additionally, 188 (46.4%) participants had co-morbid conditions. A majority, 268 (66.2%), patients managed their blood glucose levels with oral hypoglycemic agents. Only 78 (19.3%) participants were members of the Ethiopian Diabetic Association. The mean of BMI was 24.2 (SD ±3.73), with 153 (37.8%) participants were classified as overweight and 23 (5.7%) as obese. Furthermore, 275 (67.9%) participants had fasting blood glucose levels greater than 126 mg/dL. Among the respondents, 305 (75.3%) experienced minimal depression, 68 (16.8%) had mild depression, and 32 (7.9%) had moderate depression in the past week (Table 2).



TABLE 2 Clinical characteristics of patients with DM 2 type at Adama Hospital Medical College, Oromia, Ethiopia, 2023 (n = 405).
[image: Table showing variables related to diabetes patient data. Duration of follow-up years: less than one year 14.1%, two to five years 47.2%, six to ten years 25.2%, over eleven years 13.6%. BMI categories: underweight 5.2%, normal weight 51.4%, overweight 37.8%, obese 5.7%. Family history of diabetes: no 64.2%, yes 35.8%. Diabetic association membership: no 80.7%, yes 19.3%. Co-morbid disease presence: no 53.6%, yes 46.4%. Treatment type: oral hypoglycemic 66.2%, insulin 4.2%, combination 29.6%. Glycemia levels: less than one hundred twenty-six 32.1%, one hundred twenty-six or more 67.9%. Depression status: minimal 75.3%, mild 16.8%, moderate 7.9%.]



Food related factors and household food security status

Among the participants, 160 (39.5%) received nutrition education, while 338 (83.5%) reported difficulties accessing fruits and vegetables. Additionally, 331 (81.7%) were concerned about the high cost of food, and 159 (39.3%) had a poor understanding of the relationship between food and disease. A total of 272 (67.2%) and 200 (49.4%) are managed their diabetes through food planning and struggled with selecting appropriate foods, respectively. While, 336 (83%) of type 2 DM patients were living in households with food insecurity (Table 3).



TABLE 3 Food related factors and household food security status of patients with DM 2 type attending follow-up care at Adama Hospital Medical College, Oromia, Ethiopia, 2023 (n = 405).
[image: Table displaying survey data on various variables related to nutrition and food security. It includes frequencies and percentages for categories such as receiving nutrition education, difficulties in food choices, understanding food-disease associations, availability of fruits and vegetables, concerns about food costs, diabetes management through food planning, diabetes education attendance, and food security status. Percentages range, notably highlighting 83.5% finding fruit and vegetable availability difficult and 84% having attended diabetes management education.]



Psychosocial and behavioral conditions

Of the total participants, 63 (15.6%) engaged in regular physical exercise, 54 (13.3%) use alcohol, 10 (2.5%) were smokers, and 74 (18.3%) participants experienced poor family support (Figure 1).

[image: Bar chart showing percentage engagement in various activities. Cigarette smokers at two point five percent, Khat chewers at eleven point nine percent, alcohol users at thirteen point three percent, engaged in physical exercise at fifteen point six percent, and those with family support at eighty-one point seven percent.]

FIGURE 1
 Psychosocial and behavioral conditions of type 2 diabetic patients attending follow-up care at Adama Hospital Medical College, 2023.




Diabetic health belief

Regarding diabetic health belief, 203 (50.1%) of study subjects had a high perceived susceptibility, while 300 (74.1%) perceived the severity of their condition as high. One hundred seventy-seven (43.7%) of participants had low perceived barriers, while 182 (44.9%) recognized a high perceived benefit of the recommended diet (Figure 2).

[image: Bar chart displaying four categories: Perceived low barrier at 43.7%, Perceived high benefit at 44.9%, Perceived high severity at 74.1%, and Perceived high susceptibility at 50.1%. The values are presented on a scale from 0 to 80.]

FIGURE 2
 Diabetic health belief among type 2 diabetic patients attending follow up care at Adama Hospital Medical College, Ethiopia, 2023.




Magnitude of adherence to recommended diet

The highest mean score was obtained for the question regarding consuming foods high in sugar and fat with a mean of 5.72 ± 1.14 and 6.3 4 ± 1.04 times a week, respectively. In this study, we found that the magnitude of non-adherence to the recommended diet among patients with type 2 diabetes mellitus was 64.2% (95% CI: 59.8, 68.6), based on the PDAQ (Figure 3).

[image: Pie chart illustrating dietary adherence. A red section represents dietary non-adherence at 64.2%, and a blue section represents dietary adherence at 35.8%. Legend indicates color coding.]

FIGURE 3
 Dietary adherence status of type 2 diabetic patients attending follow up care at Adama Hospital Medical College, 2023.




Factors associated with adherence to dietary recommendations of type 2 DM patients

In a multivariate logistic regression model, patients with low and middle incomes were 8.0 (AOR: 8.0; 95% CI: 3.4–19.2) times and 2.7 (AOR: 2.7; 95% CI: 1.47–5.13) times more likely to be non-adherent to the recommended diet, respectively, compared to patients with higher incomes. Patients with a glycemic level of 126 mg/dL or higher were 2.1 (AOR: 2.1; 95% CI: 1.17–3.94) times more likely to be non-adherent to the recommended diet. The odd of non-adherence to dietary recommendations was 12.7 (AOR: 12.7; 95% CI: 5.79–28.2) times higher among food-insecure patients compared to food-secure patients. Patients with low diabetic knowledge were 2.8 (AOR: 2.8; 95% CI: 1.49–5.55) times more likely to be non-adherent to the recommended diet. Regarding diabetic health belief, patients with low perceived susceptibility for diabetic were 2.9 (AOR: 2.9; 95% CI: 1.62–5.45) times more likely to be non-adherent to dietary recommendations compare to those with high perceived susceptibility (Table 4).



TABLE 4 Multivariable logistic regression analysis of the recommendation among dietary of patients with DM 2 type at Adama Hospital Medical College, Adama, Ethiopia, 2023 (n = 405).
[image: A table displaying various variables related to dietary adherence among diabetic patients. Categories include BMI, family size, income, treatment type, association membership, perceived susceptibility, benefits, glycemia levels, knowledge, food security, and depression status. Each category lists data for non-adherent and adherent groups, with corresponding crude odds ratio (COR), adjusted odds ratio (AOR), and P-values. Bold values indicate statistically significant associations with adherence.]




Discussion

This study assessed the extent of adherence to dietary recommendations among individuals with type 2 diabetes patients. The findings revealed that 64.2% of participants did not adhere to the recommended diet (95% CI: 59.8–68.6%). This finding is in line with similar studies conducted in Kuwait 63.5% (24), India 63% (25), and Mexico 62% (26), and in Jimma Medical Center, Ethiopia 64.3% (27). However, it is lower than the findings from studies conducted in Egypt (97.5%), Nepal (87.5%), Yemen (79%), and Debre Tabor General Hospital (74.3%) (9, 28–30). The findings of the current study are higher than those reported in studies conducted in Malaysia 40.8% (31) and Ethiopian teaching hospitals 55.7% (14). This discrepancy may be attributed to differences in socio-economic and cultural characteristics, study settings, study periods, sample sizes, and the types of foods available in different countries (14).

We found that 67.9% of the respondents had poor glycemic control, as indicated by elevated fasting blood glucose levels. This finding aligns with a study conducted in Arba Minch, Ethiopia (32). However, it is higher than results from studies conducted at Dilchora Referral Hospital in Dire Dawa, Eastern Ethiopia (54.7%) (12), another study in northwest Ethiopia (57.5%) (33), and a systematic review in Ethiopia (51%) (34). The discrepancy between our findings and those of other studies may be due to differences in the tests used to measure glycemic control-while the other studies utilized the recommended HbA1c test, our study relied on the fasting blood glucose (FBG) test. Additionally, variations in study participants and settings could also contribute to these differences.

The results of the current study revealed a strong association between low- and middle-income levels and non-adherence to dietary recommendations among patients with type 2 diabetes mellitus (T2DM). Patients with low income had 8.0 times higher odds of non-adherence, while those with middle income had 2.7 times higher odds compared to higher-income counterparts. This finding consistent with studies conducted in Nepal (29), Ethiopia (12, 22, 35). This likely due to financial constraints that limit access to a diverse range of foods necessary for meeting daily nutritional requirements (12). The financial limitation can result in reliance on cheaper, calorie-dense, and nutrient-poor foods, worsening dietary non-adherence and negatively affecting health outcomes.

In this study, non-adherence to the recommended diet was significantly higher among patients living in food-insecure households. The odds of non-adherence were 12.7 times greater for those in food-insecure households compared to those in food-secure households. This finding is consistent with studies conducted in the USA and Addis Ababa, Ethiopia (36, 37). Food insecurity negatively impacts overall dietary quality, making it difficult for food-insecure patients with diabetes to adhere to healthy diet recommendations. Evidence indicates that food-insecure diabetic patients consume fewer fruits, vegetables, and proteins, and face challenges in maintaining regular eating habits and following recommended diet plans (38).

We found that glycemic levels exceeding 126 mg/dL were significantly associated with adherence to the recommended diet among patients with type 2 diabetes mellitus. This finding is consistent with a study conducted in Ethiopia (12, 32, 33). This association may be justified as higher blood glucose levels often reflect inadequate dietary management and non-adherence to nutritional recommendations. When patients fail to follow a prescribed diet that includes the right portions of carbohydrates, fiber, and essential nutrients, their glycemic control can worsen. Adhering to a recommended diet is crucial for regulating blood sugar levels and promoting balanced nutrition.

This study found a significant association between low diabetes knowledge and non-adherence to dietary recommendations among T2DM patients. Participants with low knowledge about diabetes were 2.9 times more likely to not follow the recommended diet compared to those with better knowledge. This finding is consistent with studies conducted in Nepal, Egypt, and Dire Dawa, Ethiopia (22, 29, 39). This may be due to the fact that adequate knowledge about diabetes enables patients to understand the importance of dietary guidelines, thereby reducing confusion in managing their condition. As knowledge increases, adherence to dietary advice improves, while poor understanding leads to higher non-adherence (29).

Patients with low perceived susceptibility were 2.9 times more likely to not adhere to dietary recommendations compared to those with high perceived susceptibility. In this study, 50.1% of participants reported high perceived susceptibility, aligning with findings from a study in government hospitals in the Ilu Aba Bora zone, where 72.7% reported similar levels of perceived susceptibility (40). This may be because individuals who perceive themselves as less at risk are less motivated to follow dietary guidelines, underestimating the potential harm of poor eating habits and thus leading to higher non-adherence.


Strength and limitation of the study

This study used the Perceived Dietary Adherence Questionnaire, a reliable and valid tool that is easy to administer and suitable for diverse populations, effectively assessing individuals’ perceptions of dietary adherence. Some limitations of the study include the following: First, the assessment of non-adherence to the recommended diet relied on self-reported data, which may be influenced by social desirability bias or recall issues, leading individuals to overestimate or underestimate their actual adherence. Second, the cross-sectional design limits the ability to establish temporal relationships between potential factors and dietary non-adherence. Finally, the absence of standardized practices for measuring carbohydrate spacing in the study context may limit the effectiveness of the assessment tool used.




Conclusion

The magnitude of non-adherence to dietary recommendations among patients with diabetes mellitus type 2 (T2DM) was significantly higher than reported in previous studies. Key factors contributing to this non-adherence include low to middle income, high glycemic levels, food insecurity, limited diabetes knowledge, and low perceived susceptibility. To improve adherence among T2DM patients, it is essential to implement comprehensive diabetes education, address socioeconomic barriers by providing financial and food security support, and enhance patient awareness of dietary risks.
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Background: Type 2 diabetes mellitus (T2DM) is a chronic non-infectious disease that seriously endangers human health. This study aimed to determine the main factors influencing the medical expenditure of T2DM patients and provide guidance for the allocation and control of medical expenditure.
Methods: The homepage data of patients with T2DM were retrospectively collected from six tertiary hospitals in southwest China from January 2011 to December 2021. A multiple linear regression model was constructed to examine the factors associated with medical expenses per patient. Furthermore, the trends of medical expenditure according to other important measures and patient subgroups were described, and a proportional breakdown of medical expenditure was generated. All expenditure data were reported in Chinese Yuan (CNY), based on the 2021 value, and adjusted using the year-specific healthcare consumer price index.
Results: A total of 45,237 patients with T2DM were analyzed in this study. Multiple linear regression showed that age, marital status, insurance type, length of stay, number of clinical visits, number of comorbidities, history of disease, history of surgery, smoking history, and the age-adjusted Charlson comorbidity index score were influencing factors of medical expenditure in patients with T2DM. Considering the overall average medical expenditure, diagnosis cost accounted for the largest proportion and was never <25% since 2011, showing a decreasing trend year by year. Among the types of comorbidity, hypertension was the most prevalent, followed by kidney disease and hyperlipidemia. In terms of the combination of comorbidities, medical expenditure was the highest for pulmonary infection+hypertension (24,360 CNY), followed by coronary heart disease+heart failure+hypertension (22,029 CNY).
Conclusions: Identifying the main factors influencing the medical expenditure of patients with T2DM can provide a reference for the medical security department to formulate reasonable compensation plans and for medical institutions to optimize treatment plans. Ultimately, this might reduce the financial burden of patients and relieve the pressure of medical insurance funds.
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1 Introduction

The prevalence of diabetes mellitus (DM) is on the rise. This chronic non-infectious disease poses a serious threat to people's health, especially in the context of cardiovascular and cerebrovascular diseases and tumors (1–4). According to the 2019 data from the International Diabetes Federation (IDF), the number of DM patients worldwide rose by 51% (5). In 2019, the number of patients with DM in the world was about 463 million, with China having the highest number of patients (about 116.4 million patients). It is estimated that by 2040, the total number of patients with DM in China will reach 151 million, of which type 2 diabetes mellitus (T2DM) patients will account for more than 90% (6).

In 2019, 10% of the global health expenditure was used for the treatment of DM and its complications. The total medical expenditure for DM is estimated to increase to 825 billion dollars in 2030 and 845 billion dollars in 2045 (7). Furthermore, the growth rate of health expenditure for DM patients in China has already exceeded the growth rate of GDP in the same period (8). The research results of Ding et al. have shown that T2DM accounts for a large proportion of China's medical care expenditure, and this economic burden will continue to increase due to the rising prevalence of DM and its chronic disease characteristics (9). Moreover, the management of DM in China is characterized by a low treatment rate, lack of awareness, and low compliance. DM and its serious complications result in increased direct medical and health costs, labor recession, reduction of effective working hours, etc., which poses a serious economic burden on patients and their families (10–12).

Therefore, it is particularly important to understand the structure of hospitalization expenses of DM patients and its influencing factors. However, few studies have been performed on the medical expenditure of DM at present, and the relevant studies lack representativeness due to the insufficient sample size. Most existing studies focus on small, single-center cohorts, which limits their generalizability and applicability to broader populations. Additionally, previous research has primarily focused on the direct costs of diabetes management, with less attention given to the impact of comorbidities, patient demographics, and healthcare utilization patterns on overall medical expenditure.

This study aims to fill these gaps by analyzing the medical expenditure of 45,237 T2DM patients over a 10-year period (2011–2021) from six tertiary hospitals in southwest China. Unlike previous studies, our research provides a comprehensive analysis of the factors influencing medical expenditure, including age, marital status, insurance type, length of stay (LOS), number of clinical visits, comorbidities, and the age-adjusted Charlson comorbidity index (ACCI) score. By focusing on a large, diverse patient population over an extended period, this study offers valuable insights into the long-term trends and determinants of medical expenditure for T2DM patients, which can inform healthcare policy and resource allocation strategies.



2 Methods


2.1 Study design and patients

In this study, the clinical data of 62,741 patients with T2DM were collected from six tertiary general hospitals in southwest China, of which 45,237 patients passed quality control for the final analysis. These hospitals were selected because they represent high-level medical institutions with comprehensive clinical, teaching, and research capabilities, which are essential for addressing the objectives of this study. Tertiary general hospitals in China typically serve as regional healthcare hubs, providing advanced medical services and handling complex cases. The inclusion of these hospitals ensures a consistent level of healthcare quality and resource availability, which is critical for the generalizability of the findings within similar healthcare settings. The study included data on age, sex, marital status, insurance type, LOS, number of clinical visits, number of comorbidities, history of disease, history of surgery, smoking history, drinking history, and the ACCI score. This study was approved by the Ethics Committee of the Affiliated Banan Hospital of Chongqing Medical University (Ethical approval No. BNLLKY2023037). Informed consent for participation was not required for this study owing to its retrospective design, and the study was conducted in accordance with national legislation and institutional requirements.



2.2 Inclusion and exclusion criteria

The inclusion criteria were: (i) data obtained from January 2011 to December 2021, and (ii) hospitalizations for T2DM. The exclusion criteria were: (i) patients with missing medical expenditure; (ii) hospitalization days <1 or >60; (iii) age <18 years; and, (iv) patients with extremely low (<1st percentile) or high (>99th percentile) medical expenditures. The selection process is illustrated in Supplementary Figure S1.

Patients with a LOS of <1 day were excluded because such short stays often represent outpatient visits or incomplete hospitalization records, which do not align with the study's focus on inpatient care. On the other hand, patients with LOS exceeding 60 days were excluded because such prolonged stays are typically associated with severe complications, non-routine treatments, or exceptional clinical circumstances that are not representative of the average T2DM patient's hospitalization experience. Including these extreme cases could introduce bias and distort the analysis of typical medical expenditures for T2DM patients. By excluding these outliers, we ensure that the study results reflect the general trends and factors influencing medical expenditure for the majority of T2DM inpatients. Patients with medical expenditures falling outside the 1st and 99th percentiles were excluded from the analysis to minimize the influence of outliers and ensure data consistency. This approach was adopted to focus on typical cost patterns and enhance the clinical relevance of our findings.



2.3 Definition

The main outcome measure of this study was medical expenditure per patient. Medical expenditures included consumable costs, drug costs, treatment costs, diagnosis costs, comprehensive medical service charges, and other costs. The insurance type reflects the economic burden borne by individuals and families. In this study, the insurance type was divided into the following five categories: urban employee medical insurance (UEMI), new cooperative medical scheme (NCMS), urban resident medical insurance (URMI), other medical insurance, and fully self-paid. The number of comorbidities was defined as the total number of comorbidities affecting patients out of the top 11 most frequent comorbidities observed in the study population. These comorbidities included hyperlipidemia, kidney disease, coronary heart disease (CHD), cancer, chronic obstructive pulmonary disease (COPD), atrial fibrillation (AF), cerebral infarction (CI), pulmonary infection, osteoporosis, heart failure (HF), and hypertension. Importantly, T2DM itself was not counted as a comorbidity in this definition. The ACCI score, however, was calculated based on the Charlson Comorbidity Index, which includes T2DM as a baseline condition with a score of 1 for uncomplicated diabetes and an additional score of 2 for end-organ damage.



2.4 Statistical analyses

Statistical analyses were performed using SPSS 22.0 and R (version 4.3.2, Vienna, Austria). Due to the long duration of this study, medical expenditure data were reported in Chinese Yuan (CNY) based on the 2021 value, which was adjusted using the year-specific personal healthcare consumer price index (CPI) of Chongqing. Univariate analyses were carried out to determine the significance of observed differences in medical expenditure using a two-sample student's t-test or an ANOVA test after the logarithm transition. Subsequently, a multiple linear regression model was constructed to determine the factors associated with medical expenses per patient. To ensure the validity of the regression model, we conducted diagnostic tests to assess key regression assumptions. First, multicollinearity was evaluated using the variance inflation factor (VIF), with a threshold of VIF < 10 indicating no significant multicollinearity among the independent variables. Second, the normality of residuals was assessed using the Shapiro-Wilk test and visual inspection of Q-Q plots. Third, heteroscedasticity was examined using the Breusch-Pagan test, and no evidence of heteroscedasticity was found. These tests confirmed that the regression model met the necessary assumptions, ensuring the robustness and reliability of the results. Furthermore, the trends of medical expenditure based on other important measures and patient subgroups were described, and a proportional breakdown of medical expenditure was generated. Moreover, the status of medical expenditure in different combinations of comorbidities was analyzed. All statistical analyses were two-sided, and statistical significance was set at P < 0.05.




3 Results


3.1 Patient characteristics

A total of 45,237 patients suffering from T2DM were enrolled, including 24,980 females (55.22%) and 20,257 males (44.78%); 40.23% were ≥65 years old; the median LOS was 8 days (P25–P75: 5–12) and the majority of the patients (91.28%) were married. A large number of patients had medical insurance coverage (81.09%), with UEMI accounting for the largest proportion (40.62%). Patients with a history of disease or history of surgery constituted 81.03 and 45.02% of the participants, respectively (Table 1). Supplementary Table S1 displays the socio-demographic and clinical-pathological characteristics of the 45,237 selected patients between 2011 and 2021.


TABLE 1 Demographic and clinical characteristics of 45,237 T2DM patients (2011–2021).

[image: Table showing patient data variables and their distribution. Age groups: 18-44 (9,594), 45-64 (17,442), 65-84 (16,987), 85+ (1,214). Sex: Female (24,980), Male (20,257). Marital status: Unmarried (1,011), Married (41,291), Divorced/Widowed (2,935). Insurance types include Full Self-pay, UEMI, URMI, NCMS, and Others. Length of stay in days ranges from 2-12+. Number of clinical visits: 1 to 4+. Comorbidities range from 0 to 4+. Smoking and drinking history are detailed. ACCI scores range from 0-6+. Explanations for acronyms and indices are provided.]



3.2 Analysis of influencing factors of medical expenditure

The univariate analysis revealed that expenditure differed according to age, sex, marital status, insurance type, LOS, number of clinical visits, number of comorbidities, history of disease, history of surgery, smoking history, drinking history, and the ACCI score (P < 0.05). However, more recent data could better reflect the current and future situation, so the expenditure data for the final 3 years (2019–2021) was further analyzed (Table 2). The average expenditure of most subgroups between 2019 and 2021 was higher than that between 2011 and 2021. Furthermore, multiple linear regression revealed that age, marital status, insurance type, LOS, number of clinical visits, number of comorbidities, history of disease, history of surgery, smoking history, and the ACCI score were factors influencing medical expenditure in patients with T2DM (Table 3).


TABLE 2 Univariate analysis of factors associated with medical expenditure in T2DM patients.

[image: Table comparing variables related to healthcare expenditures per patient during two periods: 2011–2021 and 2019–2021 in Chinese Yuan (CNY). It includes data on age, sex, marital status, insurance type, length of stay, number of clinical visits, comorbidities, history of disease, surgery, smoking, drinking, and ACCI scores, highlighting the statistical significance and p-values.]


TABLE 3 Multivariate analysis of factors associated with medical expenditure in T2DM patients.

[image: A comprehensive table compares medical expenditures from 2011-2021 and 2019-2021, analyzing variables like age, sex, marital status, insurance type, and medical history, with coefficients, standard errors, confidence intervals, and p-values. Key variables include age groups, marital status categories, insurance types, length of stay, clinical visits, comorbidities, and history of disease, surgery, smoking, and drinking. The table also presents the age-adjusted Charlson comorbidity index scores, reflecting medical expenditure impacts.]



3.3 Time trends of medical expenditure and related factors

Figure 1 shows medical expenditure time trends and related factors for patients with T2DM over the 2011–2021 period. The overall average expenditure per patient increased by 3.89% per year from 10,132 CNY in 2011 to 14,834 CNY in 2021 (Figure 1A). In addition, the daily average expenditure increased by 5.72% per year from 947 CNY in 2011 to 1,651 CNY in 2021 (Figure 1B). A turning point was observed around 2019, with the LOS per patient decreasing by 3.21% per year before 2019, and then slightly increasing between 2019 and 2021 (Figure 1C).


[image: Three line graphs labeled A, B, and C display trends over time. Graphs A and B show an increase in mutation rates per million from 2011 to 2020, while graph C shows a decrease in length of stay per episode in days over the same period. Error bars indicate variability across data points.]
FIGURE 1
 Trends in medical expenditure and related factors for T2DM patients (2011–2021). (A) Trends in overall average medical expenditure per patient; (B) Trends in daily average medical expenditure; (C) Trends in length of stay per patient. The y-axis represents costs in CNY or days, and the x-axis represents the years.




3.4 Medical expenditure time trends according to patient subgroups (2011–2021)

The time trend of average expenditures differed according to age, LOS, number of clinical visits, and the ACCI score (Figure 2). The average medical expenditure per patient aged ≥85 years was higher than that for patients aged 18–44 years, 45–64 years, and 65–84 years (Figure 2A). Additionally, the average medical expenditure per patient with LOS ≥12 days was considerably higher than that for LOS 2–4 days, 5–7 days, and 8–11 days, and the gap between LOS ≥12 days and other LOS subgroups gradually increased (Figure 2B). Overall, the average medical expenditure per patient with ≥4 clinical visits was higher than those with 1, 2, and 3 clinical visits. In contrast, no significant difference in average medical expenditure per patient was observed between patients with 1, 2, and 3 clinical visits (Figure 2C). The average medical expenditure per patient for those with ACCI score ≥6 was much higher than those with ACCI scores 0–1, 2–3, and 4–5, and the gap increased after 2015 (Figure 2D). Further details are also presented according to the history of disease, history of surgery, and smoking history (Supplementary Figures S2–S4).


[image: Four line graphs showing national inpatient admission rates per one hundred thousand from 2011 to 2019. Graph A, by age group, shows higher rates for older age groups, especially over eighty-five. Graph B, by length of stay, shows increased rates for stays more than fourteen days. Graph C, by number of clinical visits, displays a rise for those with zero to one visit. Graph D, by age-adjusted Charlson comorbidity index score, reveals higher rates for scores exceeding eight. Each graph includes colored lines and error bars.]
FIGURE 2
 Subgroup analysis of medical expenditure trends in T2DM patients (2011–2021). (A) Trends stratified by age groups; (B) Trends stratified by LOS; (C) Trends stratified by the number of clinical visits; (D) Trends stratified by the Age-Adjusted Charlson Comorbidity Index (ACCI) score. The y-axis represents costs in CNY, and the x-axis represents the years.




3.5 The proportional breakdown of medical expenditure (2011–2021)

Diagnosis cost accounted for the largest proportion of the overall average medical expenditure and was never < 25% since the year 2011, but showed a decreasing trend year by year (Figure 3). In contrast, the proportion of consumable cost and treatment cost dramatically increased from 4.00% in 2011 to 19.00% in 2021, and 5.00% in 2011 to 17.00% in 2021, respectively. A turning point was observed around 2016, with the proportion of drug costs increasing from 14.00% in 2011 to 29.00% in 2016, and then slightly decreasing between 2016 and 2021.


[image: Stacked bar chart showing the proportional breakdown of medical expenditures from 2011 to 2021. Categories include other cost, treatment cost, comprehensive medical service charge, drug cost, diagnosis cost, and consumable cost. Each year displays different proportions, with notable variations such as an increase in diagnosis cost category over the years. Consistent variation visible in each category annually.]
FIGURE 3
 Proportional breakdown of medical expenditure for T2DM diagnosis and treatment.




3.6 Medical expenditure in different types of comorbidities

Hypertension (n = 14,450) was the most prevalent comorbidity co-occurring with T2DM, followed by kidney disease (n = 6,683) and hyperlipidemia (n = 5,090). However, the medical expenditure of T2DM comorbid with pulmonary infection was the highest (23,446 CNY), followed by HF (19,646 CNY), AF (19,631 CNY), CHD (19,454 CNY), and cancer (19,093 CNY; Table 4).


TABLE 4 Medical expenditure by comorbidity type in T2DM patients.

[image: Table showing medical expenditures for various comorbidities, ranked by costs. Pulmonary infection is ranked first with a total cost of 23,446. Other comorbidities include heart failure, atrial fibrillation, coronary heart disease, cancer, chronic obstructive pulmonary disease, cerebral infarction, hypertension, kidney disease, osteoporosis, and hyperlipidemia. Costs are itemized into categories: consumable, drug, treatment, diagnosis, comprehensive medical service charge, and other costs.]



3.7 Medical expenditure in different combinations of comorbidities

The 20 comorbidities most frequently accompanying T2DM are listed in Figure 4. The five comorbidities with the highest average medical expenditure were (1) pulmonary infection+hypertension (24,360 CNY), (2) CHD+HF+hypertension (22,029 CNY), (3) hyperlipidemia+CHD+hypertension (22,016 CNY), (4) kidney disease+CHD+HF+hypertension (21,690 CNY), and (5) kidney disease+CHD+hypertension (19,560 CNY). Supplementary Table S2 provides a detailed overview of the patient distribution across various comorbidity combinations, accompanied by their respective medical expenditures.


[image: Bar chart showing medical expenditure in Chinese Yuan for various comorbidity combinations. Pulmonary infection with hypertension has the highest cost at 24,360 CNY, while hyperlipidemia with kidney disease has the lowest at 11,096 CNY. Different colors represent distinct combinations.]
FIGURE 4
 Medical expenditure for different comorbidity combinations in T2DM patients.





4 Discussion

T2DM is an incurable disease and generally requires lifelong care and medication. In addition, advances in treatment technology and the higher prevalence of T2DM in young individuals impose a large economic burden on patients and society. Medical expenditure directly reflects T2DM consumption, which enables the monitoring, prevention, and control of the disease. Our study provided a detailed description of the influencing factors of medical expenditure for T2DM patients in China. The medical expenditure of T2DM patients was related to the following factors: age, marital status, insurance type, LOS, number of clinical visits, number of comorbidities, history of disease, history of surgery, smoking history, and the ACCI score. Among the types of comorbidities, hypertension, and kidney disease showed the highest co-occurrence with T2DM.

In this study, we observed that 51.76% of patients had no comorbidities other than T2DM, while 83.30% had an ACCI score ≥2. This apparent discrepancy can be explained by the fact that the number of comorbidities was defined based on the top 11 most frequent comorbidities, excluding T2DM itself. In contrast, the ACCI score was calculated based on the Charlson Comorbidity Index, which includes T2DM as a baseline condition with a score of 1 for uncomplicated diabetes and an additional score of 2 for end-organ damage. Therefore, even patients with no additional comorbidities would have an ACCI score of at least 1, while those with additional comorbidities or end-organ damage would have higher scores. This highlights the importance of clearly defining comorbidity counts and their relationship to comorbidity indices such as the ACCI score.

In 2014, the cost associated with DM in China was 80.33 billion CNY, accounting for nearly 5% of chronic disease medical resources, and 5.4% of social security funds for chronic disease medical expense compensation. In 2020, the treatment cost of DM reached 143.74 billion CNY, with about 33.4% being funded by patients themselves (13). From the perspective of cost structure, the increase in hospitalization costs for patients with DM has a significant impact on the medical fund pool (14).

Previous studies have reported that the most direct factor affecting the medical expenditure of patients was the LOS (14–17), which is consistent with the results of our study. Therefore, reducing the LOS of patients is an important means of cost control. Clinicians should be encouraged to adopt standardized treatment paths on the premise of ensuring medical quality and formulate diagnosis and treatment plans according to different patients' conditions. Moreover, long-term hospital stays should be avoided by transferring the improved patients to the community for follow-up rehabilitation treatment, resulting in a higher bed turnover rate. Shortening the hospitalization time of patients not only reduces the cost burden of patients but also improves the medical efficiency of the hospital.

The present study revealed that comorbidities significantly affected the medical expenditure of T2DM patients. Comorbidities have been proven to have adverse effects on the pharmacological management (18) and flash continuous glucose monitoring (19) of T2DM patients, leading to prolonged LOS and increased risk of postoperative complications (20). In addition, a higher number of comorbidities was associated with higher medical expenses for T2DM patients. The research results of Chi et al. demonstrated that the superposition, coexistence, and combination of multiple chronic diseases would result in the overconsumption of medical resources, thus increasing medical expenditure (21). Relevant research has also shown a 1.73 increase in hospital stay and a 1.34 increase in medical for each additional chronic disease comorbidity (22). Therefore, limiting the number of comorbidities in T2DM patients is crucial to reducing medical expenditure. Among the common comorbidities related to T2DM, pulmonary infection involves the highest medical expenditure, followed by HF. In terms of combinations of comorbidities, pulmonary infection+hypertension was associated with the highest medical expenditure. Therefore, pulmonary infection cannot be ignored in the context of T2DM.

The medical expenditure of T2DM patients with insurance types NCMS, UEMI, and URMI were significantly higher than that of T2DM patients with other medical insurance and fully self-paid patients. As the most mature medical insurance project, UEMI can be traced back to the mid-1990s (23). China has piloted the NCMS insurance model in rural areas since 2003 and basically achieved full coverage in rural areas in 2010 (24). In order to fill the coverage gap in the existing medical system and provide medical insurance for urban non-employees, the Chinese government piloted the URMI model in 79 cities in 2007 and promoted it nationwide in 2009 (25). The coverage of NCMS increased rapidly from 11.63% in 2005 to 80.34% in 2014. The medical expenditure of the older adults also increased from an average of $204.77 in 2005 to $696.23 in 2014 (26). Moreover, the pooling fund per capita for URMI increased from $20.44 in 2008 to $79.31 in 2015. At the same time, the number of insured persons in URMI increased from 118.26 million in 2008 to 376.89 million in 2015 (27).

The higher medical expenditure observed among insured patients may be attributed to both broader insurance coverage and increased utilization of medical services. Insured patients are more likely to seek medical care due to reduced out-of-pocket costs, leading to higher utilization of diagnostic tests, treatments, and hospitalizations. Additionally, insured patients may receive more comprehensive care, including the management of comorbidities and complications, which can further drive up costs. On the other hand, uninsured or self-paid patients may delay seeking care or opt for less expensive treatment options, resulting in lower overall medical expenditure. Therefore, the higher costs observed among insured patients likely reflect both the broader coverage provided by insurance and the increased utilization of medical services. With the aging population and the demand for higher-quality medical services, NCMS, UEMI, and URMI are facing huge financial payment pressure. Therefore, it is particularly important to strengthen the function of interest integration, improve the medical insurance system, and give full play to the main guarantee function of basic medical insurance.

A weak correlation was found between the age of patients and medical expenditure. The comparison results of the age groups in Table 2 show that there is no significant difference in the medical expenditure of T2DM patients under 65 years old, while there is a difference in the medical expenditure of patients above this age group. The epidemiology, clinical characteristics, course of disease, treatment, and monitoring strategies of T2DM patients vary with the age of onset (28). This may lead to the heterogeneity of T2DM medical expenditure, highlighting the need for further research on the medical expenditure of T2DM patients of different ages. Furthermore, previous studies have shown that marital status, number of clinical visits, history of disease, history of surgery, smoking history, and the ACCI score exerted different effects on the medical expenditure of in-patients, which is consistent with the results of our study (29–32).

This study also compared the time trend of medical expenditure for T2DM in different subgroups. Patients aged ≥ 85 years showed the highest average medical expenditure, which may be attributed to the fact that diabetes in older adults is associated with higher mortality, lower functional status, and higher risk of long-term complications (33). The average medical expenditure per patient increased with LOS, the number of clinical visits, and the ACCI score. In addition, the average medical expenditure of patients with a history of disease was higher than that of patients without history of disease and was higher in patients with a history of surgery compared to those without. Meanwhile, a higher average medical expenditure was observed with patients with a smoking history compared to patients without a smoking history. Compared with people who never smoked, a significant increase in the risk of adverse health outcomes caused by smoking was observed in current and former smokers (34). A study showed that more than 50% of annual healthcare expenditure can be attributed to smoking (35).

The observed increase in medical costs after 2019 may be attributed to several factors, including policy changes and external events. In 2019, China implemented the National Centralized Drug Procurement (NCDP) policy, also known as the “4 + 7” policy, which aimed to reduce drug prices by centralizing the procurement of certain medications (36). While this policy initially led to a reduction in drug costs, it also resulted in increased costs for other medical services, such as diagnostics and treatments, as hospitals sought to compensate for reduced revenue from drug sales. Additionally, the Diagnosis-Related Group (DRG) payment reform was piloted in Chongqing in 2018, which standardized reimbursement rates based on disease severity and treatment complexity. This reform may have contributed to the stabilization of medical expenditure growth after 2019, as hospitals were incentivized to control costs while maintaining quality of care. Another important policy was the Healthy China 2030 Plan, launched in 2016, which emphasized the prevention and management of chronic diseases, including diabetes (37). This plan likely increased awareness and early diagnosis of T2DM, leading to higher hospitalization rates and associated costs. Furthermore, the expansion of reimbursement for diabetes-related medications and treatments under the NCMS and URMI during this period may have contributed to the observed increase in medical expenditure, particularly for patients with comorbidities such as hypertension and kidney disease. Additionally, the COVID-19 pandemic, which began in late 2019, significantly impacted healthcare systems worldwide, including in China (38). The pandemic led to increased costs for infection control measures, personal protective equipment, and additional healthcare resources, which may have contributed to the rise in medical expenditures observed in this study. Furthermore, the pandemic disrupted routine healthcare services, leading to delayed treatments and more severe complications for chronic disease patients, including those with T2DM, which could have further increased costs. Future studies should explicitly incorporate policy variables to better understand their impact on healthcare costs.

Our findings align with several international studies on medical expenditure for T2DM patients, though some differences exist due to variations in healthcare systems and patient populations. For instance, a study in the United States found that longer hospital stays and comorbidities, such as hypertension and cardiovascular diseases, significantly increased medical costs for T2DM patients, consistent with our results (39). Similarly, research in European countries, such as Germany and the UK, highlighted that integrated care models and early comorbidity management effectively reduced costs, supporting our recommendation for prioritizing comorbidity screening and management (40, 41). However, differences in insurance systems and healthcare delivery models also lead to variations in cost trends. For example, in countries with universal healthcare systems, such as Canada and Australia, the proportion of out-of-pocket expenses for T2DM patients is lower compared to our findings, where insurance type significantly influences expenditure (42, 43). Additionally, studies from low- and middle-income countries, such as India and Brazil, emphasize the role of limited access to advanced treatments and diagnostics in driving costs, which contrasts with our observation of rising consumable and treatment costs due to technological advancements (44, 45).

This study highlights key factors driving medical expenditure for T2DM patients and offers actionable recommendations for health policy. Optimizing length of stay through standardized protocols and community-based care can reduce costs and improve hospital efficiency. Prioritizing early detection and management of comorbidities, such as pulmonary infections and hypertension, can prevent complications and lower expenses. Reforming insurance reimbursement mechanisms to incentivize cost-effective care, alongside investing in preventive care and patient education, can reduce clinical visits and complications. Additionally, adopting cost-effective technologies like telemedicine can lower treatment costs while maintaining care quality. These strategies collectively support cost-effective healthcare delivery without compromising outcomes.

Despite the comprehensive analysis of medical expenditures and comorbidities in this study, several limitations should be acknowledged. First, our analysis was limited to tertiary hospitals, which may underrepresent patients treated in primary clinics or secondary hospitals. While this focus was appropriate for addressing the study's objectives, future research could expand data coverage to include a broader range of healthcare facilities to provide a more representative picture of the healthcare system. Second, although all included hospitals are affiliated with Chongqing Medical University and follow standardized protocols for cost accounting and diagnosis coding, minor variations in practices may still exist. To address this, we conducted rigorous data cleaning and validation processes and normalized medical expenditure data using the year-specific healthcare consumer price index (CPI). These steps helped ensure the consistency and comparability of the data across hospitals. Third, our study did not include data on polypharmacy, which refers to the concurrent use of multiple medications. Polypharmacy is a common phenomenon among patients with T2DM, particularly those with multiple comorbidities, and has been shown to significantly influence healthcare costs. The absence of this variable may limit our ability to fully capture the drivers of medical expenditures, as polypharmacy can lead to increased costs related to drug acquisition, medication management, and potential adverse drug events. Lastly, only the in-patient medical expenditure of patients was described, while the medical services provided outside of these centers were not taken into account; hence, the medical expenditure may have been underestimated. In the future, studies with larger sample sizes and more comprehensive independent variables should be carried out to improve the accuracy of the estimates.



5 Conclusion

In conclusion, this study identified the factors affecting the medical expenditure of patients with T2DM. The results of this study can provide a reference for the medical security department to formulate a reasonable compensation plan and for medical institutions to optimize treatment plans, ultimately reducing the financial burden of patients and the pressure of medical insurance funds.
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Aim: This study explores the hands-on experiences and perspectives of general practice staff regarding the feasibility of conducting artificial intelligence-assisted (AI-assisted) diabetic retinopathy screenings (DRS) in general practice settings.
Method: The screenings were tested in 12 general practices in the North Denmark Region and were conducted as part of daily care routines over ~4 weeks. Subsequently, 21 staff members involved in the DRS were interviewed.
Results: Thematic analysis generated four main themes: (1) Experiences with DRS in daily practice, (2) Effective DRS implementation in general practice in the future, (3) Trust and approval of AI-assisted DRS in general practice, and (4) Implications of DRS in general practice. The findings suggest that general practice staff recognise the potential for AI-assisted DRS to be integrated into their clinical workflows. However, they also emphasise the importance of addressing both practical and systemic factors to ensure successful implementation of DRS within the general practice setting.
Conclusion: Focusing on the practical experiences and perspectives of general practice staff, this study lays the groundwork for future research aimed at optimising the implementation of AI-assisted DRS in general practice settings, while recognising that the insights gained may also inform broader primary care contexts.

Keywords
diabetic retinopathy screening, artificial intelligence, machine learning, primary care, stakeholder perspectives, qualitative research


1 Introduction

The use of artificial intelligence (AI) in healthcare has gained significant attention, with primary care expected to play a key role in unlocking its full potential by implementing AI at the patient's first point of contact (1, 2).

One of the leading areas of AI development is in the screening and diagnosis of diabetic retinopathy (DR) (3), enabling task delegation to primary care staff (4, 5). This shift offers advantages, as AI-assisted screenings can be performed closer to patients, enhancing follow-up care participation (6, 7). Research on DR screening (DRS) in primary care has primarily focused on algorithm accuracy (8–11). However, accuracy alone does not address the practical integration of DRS into clinical practice. A key challenge understands how AI-assisted DRS can be integrated into existing workflow as well as staff's perspectives on its implementation.

There is an increasing number of studies investigating healthcare staff's perspectives on factors influencing implementation of DRS in primary care (5, 12–17). Among the various perspectives, key insights include the potential value of screenings for enhancing eye health care (5), the need for adequate training (15, 16), importance of financial considerations (13–15), ease of use (5, 15), challenges during screening (5, 12), and the trustworthiness of AI-assisted DRS (4, 15). However, perspectives of screening possibility often occur before staffs have had the opportunity to use DRS in the intended clinical setting (13, 14).

Previous experiences with the implementation of DRS in primary care settings have demonstrated that even with a carefully designed protocol developed in collaboration with stakeholders, unforeseen challenges may still emerge during the execution phase (12). In a study by Beede et al. (12), the implementation of DRS in a Thai clinical setting faced unexpected challenges, including inadequate image quality due to external environmental factors, long waiting times from poor patient screening organisation, and technical issues that forced staff to deviate from the planned protocol to prioritise patient care. These findings underscore the importance of real-world clinical testing to assess feasibility of DRS.

Research indicates that AI tools integrated naturally into existing workflows are more likely to be accepted by clinicians (18). It is therefore essential to involve stakeholders in trial planning and evaluation while learning from previous studies. Existing literature on DRS in primary care provides insights into staff perspectives on factors affecting successful implementation (5, 12–17, 19). However, directly applying methods and findings across healthcare systems is challenging due to variations between countries.

In Denmark, the management and primary care of patients with type 2 diabetes (T2D) are primarily conducted in general practice, while DRS are typically performed in private ophthalmologists' practices. There is a shortage of ophthalmologists and long waiting lists for consultations (20). Approximately 82% of Danish patients with T2D do not have DR (21). Given the high demands on ophthalmology services, alternative screening approaches would be helpful, particularly considering emerging AI-assisted screenings. Patients with T2D frequently visit general practice for ongoing management, so incorporating DRS into a routine T2D visits could reduce the need for ophthalmologist consultations, as only patients with detected DR alterations would require referral to an ophthalmologist.

General practice staff plays a central role in successful implementation of AI-assisted DRS. By providing them with hands-on experience, we can gain valuable insights from staff which are essential for future planning and rollout of DRS in general practice. We performed a feasibility study testing AI-assisted DRS in general practices, aiming to explore staff experiences and perspectives on conducting DRS as part of diabetes care.



2 Method


2.1 Study design, participants, and setting

In this qualitative, cross-sectional study staff from 12 general practices in the North Denmark Region participated in conducting DRS during T2D diabetes consultations. Staffs were selected by the practices based on their involvement in T2D care, and one or more staff members from each practice participated. No exclusion criteria were applied to staff. Practices were compensated for their time spent on the study.



2.2 AI-assisted DRS

AI-Assisted DRS was conducted using a non-mydriatic fundus camera (FundusScope, Rodenstock, Germany) (22) with a field view of 45°. The camera has a 12-megapixel sensor and a LED flash which captures high-resolution images (4,096 × 3,072). The camera is designed to require minimal user involvement, with staff primarily responsible for ensuring the correct positioning of the patient. To initiate the image capture process, staff had to press a START button; thereafter, the camera automatically captured the retinal image while independently managing zoom and flash. To minimise the impact of the flash on the pupil from the first image, staffs were advised to wait 20 s before capturing a photo of the second eye. Dilating eyedrops was not provided on the patients.

Captured images were automatically sent to a cloud-based AI analysis software (RetinaLyze System; RetinaLyze A/S, Hørsholm, Denmark) (23). The software utilises Support Vector Machine Learning (SVML), enabling it to classify the presence or absence of visible retinal changes, and has been available on the market since 2013. The software operates by detecting red lesion in an image and all detected red lesions are marked with a black circle. The number of red lesions determines the screening result. The result of the analysis is displayed as a colour code: green for no DR alterations, yellow for few alterations, red for several alterations (>3) or grey for poor image quality, which required recapturing. An AI-analysis is performed in ~15 s. The software was provided free of charged by RetinaLyze during the testing period.



2.3 Procedure
 
2.3.1 Practices begin patient recruitment

Practices were responsible for recruiting patients for DRS and practices were provided with the necessary materials to begin recruitment prior to the testing period (see Figure 1 for an illustration of the timeline of events in the study). A few inclusion criteria had to be met for patients: they needed to have T2D, be able to understand Danish, be 18–70 years of age, and not be blind. Patients were required to participate in a follow-up screening at a collaborating private ophthalmologist practice in the North Denmark Region. Due to recruitment difficulties, patients from the last two recruited practices were not re-screened at the collaborating private ophthalmology practice. A total of 298 patients were recruited, each receiving written and verbal information about the project and providing written informed consent prior to participation.


[image: Illustration depicting a timeline of steps in a study on retinopathy screenings. From left to right: General practice staff are recruited, patient recruitment begins, camera setup and staff training take place, staff conduct screenings, and staff interviews are conducted. Each step is represented by an icon with a brief description below.]
FIGURE 1
 Timeline of events in the study.




2.3.2 Camera setup and staff training

Prior to conduction DRS, the camera was setup in the practice. The placement of the camera was determined in collaboration with the staff to ensure optimal positioning, considering room availability and the need to minimise light interference. A large cardboard was used to cover light interference from windows in some practices. When possible, the camera was connected to the practice's internet via Wi-Fi or Ethernet cable, facilitating the AI analysis. In cases where the practice's internet was unavailable, the camera was connected to a mobile hotspot on a tablet (Huawei, MediaPad T3 10). Verbal and written instructions on connecting the camera to the hotspot were provided to staff.

On the same day as camera setup, staff participated in a training session initiated by MK or MH. Staff underwent training in both theoretical and practical aspects of the screening process through instruction videos and hands-on exercises (16). The session covered operating the camera, image quality assessment, uploading images to the AI analysis software, communicating results to patients, and providing guidance on potential solutions to issues that might arise during the screening process. The session was held within the intended screening location within the practice. The training is developed by the author group, and the process has been describes in detail (16).



2.3.3 Staff conduct retinopathy screenings

Each practice had access to the DRS equipment for ~4 weeks. Practices were granted a high degree of autonomy regarding the integration of the screening into their existing routines and were given the flexibility to decide whether to conduct screenings during a separate consultation or as part of an existing appointment. Staffs were instructed to inform patients of the screening results. Each practice was advised to allocate 20 min per screening session, as they were also required to collect supplementary data following the screening (which is not part of this study).



2.3.4 Staff interviews

Semi-structured interviews were conducted by MK or MH with staff in the clinical setting (office or consultation room) after each practice had completed the conduction of DRS (24). The interview aimed to explore staff experiences and perspectives on DRS in general practice. An interview guide was developed by the author group (24) which guided the interviewers during the interviews. While it provided structure, the guide allowed flexibility to explore new insights rather than strictly following a predetermined set of questions. The number of interview participants was dependent on the number of staff in the general practice clinics conducting the screening. The interviews were conducted in Danish and were audio-recorded on a Sony ICD-PX370 Digital Dictaphone. Interviews were performed from April 2022 to December 2023. The interviewers are both early-career researchers without much experience in conducting interviews. To prepare for conducting and analysing interviews, they had reviewed relevant literature and attended qualitative research courses. MH has a medical background, while MK has an educational background in sport science. At the time of the interviews, both interviewers were employed at a research centre for general practice. Neither MK nor MH had a personal relationship with any of the participants.




2.4 Data analysis

An inductive thematic analysis was carried out by MK in accordance with analytical principles and guidelines (25). Initially, all interviews were transcribed verbatim in Microsoft Word before being imported into NVivo 14 for analysis. During transcription, preliminary notes were made. Further familiarisation of data was achieved by reading all transcriptions, while still making notes. When familiarised sufficiently with the data, codes and sub-codes were developed by identifying recurring patterns and perspectives relevant to the aims. Themes and sub-themes were generated based on the analysis of codes. The generation of both codes and themes was an iterative process, which required frequent revisions to the transcriptions or codes to enhance the clarity and precision of both codes and themes. Throughout the analytical process, MK engaged in collaborative discussions with MH to ensure quality assurance at each step. MH reviewed five transcription, and several meetings were conducted to examine codes, themes, and the overall context of the findings. Selected quotes were included to demonstrate how the findings are reflected in the data. The transcriptions, codes, and themes were analysed in Danish. The translation of themes and quotes into English was performed during the final write-up of the article by MK, who is fluent in both Danish and English but is not a native English speaker. Care was taken to preserve meaning during the translation process, though some linguistic nuances may have been altered.



2.5 Ethical approval

This study was approved by the Committee on Medical Research Ethics, protocol number: 2200781. Staff gave informed consent for participating in the interview.




3 Results

The 21 staff members who were interviewed are detailed in Table 1. The average age of the staff was 51 ± 6 years and the number of staff participating in each clinic ranged from 1 to 5. Interviews lasted an average of 36 min, ranging from 22 to 60 min.


TABLE 1 Staff characteristics.

[image: Table listing staff details with columns for staff number, gender, age, and job title. Staff range from P1 to P21, with roles including general practitioner, social and health assistant, biomedical laboratory scientist, and nurse. Most are female nurses, aged between 37 and 65.]


3.1 Themes

Four main themes were generated from interviews with associated sub-themes, as presented in Table 2.


TABLE 2 Overview of generated themes and sub-themes.

[image: Table depicting themes and sub-themes related to Diabetic Retinopathy Screening (DRS) and Artificial Intelligence (AI). Themes include conducting DRS in daily practice, effective DRS implementation, trust in AI-assisted screening, and implications of DRS. Sub-themes cover logistics, team dynamics, AI tools, convenience, and more.]


3.1.1 Conducting DRS in daily practice
 
3.1.1.1 Logistics adaptations

Staff experiences with DRS in daily practice involved several logistical adaptations, including camera positioning, calendar planning and organisation of the screening process. Camera placement varied across practices, depending on available spaces and workflow. In some practices, the camera was placed on staff desks or in undisturbed hallway areas, while others had it placed in unused or shared consultation rooms:

	“We've done everything in our Laboratory 2. On Mondays and Fridays, there are others in there, so I just switch rooms with them, and they sit in my office taking blood samples.” (P18)

Screenings were scheduled in staff work calendars, with some staff using colour-coded entries to indicate when multiple staff members were involved in screenings, to ensure there were no double bookings of the room and camera.

Screenings were either integrated into upcoming diabetes consultations with additional time allocated or scheduled as separate consultations dedicated solely to DRS. Some practices exclusively conducted separate screenings in block-booked sessions, while others adopted a mixed approach, combining both methods:

	“We started by reviewing our calendar to see patients who were already due for a check-up… Some appointments were moved up to combine the screening with their visit, while others just booked a time directly. On certain days, we scheduled several in a row, making it more efficient.” (P15)

In all practices, 10–20 min were allocated per patient screening.



3.1.1.2 Quick and easy screening

All staff members reported that the screening procedure was quick and easy to perform, often completed in just a few minutes.

	“Most of them take 2, 3, 4 minutes, so the examination itself is really quick and really easy.” (P10)

Patient interactions generally went well, and staff noted that guiding patients into position at the camera was easy. The procedure was straightforward to explain to patients, and several staff members observed that many patients were already familiar with the camera.

	“Many of them have already tried it at the ophthalmologist. It's actually the same, right? So, they know when I ask, “Have you tried this before?” “Yeah, I need to sit here.” So, they understood. It didn't take that long, and I could also see that the further we got into it, the quicker the screening went.” (P2)



3.1.1.3 Problems lead to action

Staff faced patient-specific challenges, such as strabismus, which hindered camera focus, and disturbances from eyelashes or eyelids obstructing the lens. Internet connectivity issues caused delays in analysis or prevented image uploads for some. An often-reported issue was the presence of small pupils. For some staff, this was attributed to lighting conditions in the screening room, and creative solutions were attempted to minimise light interference. In a few cases, capturing images was not possible due to small pupils, while in other instances, the issue was resolved by waiting longer between photos.

	“There was one instance where we actually had to give up, when my colleague called me in, and we had to give up on a patient because it kept saying that the pupils were too small, and no matter what we did, we just couldn't adjust it. I've also experienced this with one other patient, but then we just took a longer break, and we were allowed to take the second picture. Otherwise, I haven't encountered any problems with it.” (P15)

One staff member encountered technical issues with the camera and the interaction between its components, particularly problems arising from the hotspot connexion.

	“At first, I didn't have control over the hotspot that needed to be connected, and I had to make sure everything was started in the correct order, and then the hotspot was suddenly disconnected again. I couldn't get it to work together… It was really frustrating because the actual image capture was easy, but all the technical aspects just didn't work together.” (P7)



3.1.1.4 Team dynamics in screening

Staff consulted with each other throughout the process and described having multiple people involved in the screening as an advantage.

	“I actually think it worked well that both of us did it, that both of us knew how to do it, both of us were trained... And if we had any issues, we could just help each other out.” (P4)

In a clinic where five diabetes care providers participated, collaboration and mutual support were described; however, it also presented some obstacles in terms of developing a consistent routine.

	“We've talked a bit about how we shouldn't have been five people. It would have been fine with two. But we all thought the project was exciting. But we suddenly got into it quickly, and the next day I had screenings again, and suddenly some people had to start over, like from the beginning, they had to get familiar with the camera and get the routine, all those things. So, the results become different, because it can take longer for everyone to get into it, especially when new people come in and take over.” (P21)



3.1.1.5 Reactions and communication on screening results

Most staff were confident communicating results to patients; however, a few were more comfortable providing a green result, believing that yellow or red results could cause patient anxiety. Most results were green, while yellow and red results were described as rare or never encountered.

	“I maybe had one yellow, that's it; everyone else had green, and I couldn't say anything other than it was green. I felt comfortable with that… It's not that I didn't trust the result; my concern was more about how the patient might feel if the result was red and they became more anxious.” (P20)

For yellow and red results, most staff reassured patients by clarifying that the results were part of a preliminary test and not definitive. In practices where follow-up screening had not been pre-arranged, staff recommended that patients with yellow or red results followed-up with their own ophthalmologist.

	“I would recommend it, it was completely natural for me to say, ‘You know what, you need to see the ophthalmologist, this is important.' So, it was a good way to start the conversation, and then to say, ‘This machine is showing something, so it's a good idea that you go see your ophthalmologist.' This happened with the patient who had the red result. He's the only one I had with a red result, and I could really feel, oh, he really needs to see the ophthalmologist.” (P21)

Staff noted that patients generally did not express concern over their results, were aware of DR alterations and often compared results with previous ophthalmologist results.

Staff generally expressed trust in the accuracy of results. However, they also acknowledged that the screening was part of a study and approached the results with some caution. The reassurance that patients would still be referred to an ophthalmologist for follow-up made staff feel more at ease when receiving a result.

	“I actually think I trusted it— I really do. I thought, ‘Well, that's nice,' when the result came back green. Of course, I'm aware that it's still a project, I know that. So, I sort of trust it… But it's definitely reassuring to know that they'll still go to the ophthalmologist.” (P13)

Three staff members had not fully reflected on the validity of the results, reasoning that they were aware the screening was part of a research study.




3.1.2 Effective DRS implementation in general practice in the future
 
3.1.2.1 Ergonomic and spatial requirements

There was consensus on the critical importance of addressing spatial and ergonomic considerations in the implementation of DRS. A darkened screening room was proposed by many.

	“It requires a room, so that needs to be planned as well. It must be a room that's available for this purpose. And it doesn't have to be a big room, but it still needs to be darkened.” (12)

Staff emphasised the importance of ensuring comfortable patient seating, recommending the use of both a height-adjustable table and chair to facilitate optimal ergonomic positioning.

	“We really have to have something that can be adjusted, both the table and the chair. You need to have something adjustable, so both bigger and smaller patients can sit comfortably. I actually think that's really important.” (P6)



3.1.2.2 Planning and coordination needs

Planning and coordination were emphasised, especially in practices with several staff involved, accessibility to the camera had to be ensured.

	“If you look at our schedule, all three of us conduct annual diabetes consultations at the same time, so the accessibility of the equipment needs to be ensured for us. We need the accessibility; it requires some level of planning.” (P12)

Additionally, staff expressed a willingness to conduct the screenings if implemented, though a few suggested that medical students or social and health care workers could in the future conduct the screening as well.

	“The task itself is fine, and I'm not even sure it requires a nurse to perform it. I'm not certain—maybe a social and healthcare assistant could do it as well?” (P10)



3.1.2.3 Staff desire for more knowledge

Most staff indicated a desire for more knowledge about DR, key considerations during the screening process, and the ability to address patient questions in the context of broader implementation.

	“Of course, if this is something we are going to do, then we'll need a bit more background knowledge about it—that's how I feel… I might need to learn more about this eye disease, as this is not something I deal with in my everyday work.” (P21)

Few staff felt confident using existing knowledge for the screening, noting that patients with DR alterations would be referred to an ophthalmologist for further information. Overall, there was consensus that DR was the area of diabetes care staffs were least familiar with.



3.1.2.4 Screening in annual consultation

Most staff proposed integrating DRS into annual diabetes consultations as the most practical approach, highlighting the need for an additional 5–10 min to accommodate the procedure. Two staff members expressed uncertainty about including the screening in the annual consultation, citing concerns that it might overwhelm the patient. Nevertheless, both agreed that the screening should be incorporated into an existing patient visit.



3.1.2.5 Financial conditions

Staff referenced the financial conditions as essential for implementing DRS in general practice. Staff questioned who would be responsible for funding the purchase of the camera and how practices would be compensated for conducting screenings.

	“There will always be financial considerations, such as who should purchase the equipment. If we are the ones to buy it, what compensation will we receive for using it?” (P1)

Two staff members mentioned that financial compensation should directly benefit individuals performing the screenings, highlighting the importance of aligning salary with the increased competencies required for the task.



3.1.2.6 Defined plan for ophthalmologist involvement

Staff explained the importance of knowing exactly when the ophthalmologist should be involved if implemented. Several staff members noted themselves that when DR alterations were detected, patients should be referred to an ophthalmologist for follow-up.

	“I imagine that if the camera indicates that there are some DR alterations, a referral to an ophthalmologist is needed, or I would need some kind of guidance on what to do next.” (P12)

Two staff members highlighted the importance of ensuring that patients understood that the screening only covered DR and could not substitute a full ophthalmological examination.




3.1.3 Trust and approval of AI-based screening in general practice

graphApproval of DRS in general practice

Staff supported implementation of DRS in general practice. Staff described DRS as not fundamentally different in terms of time consumption from other tasks already performed in general practice.

	“The idea of having such equipment here, which might only take 5-6 minutes to use in total, isn't any different from what we do with throat swabs, ECGs, lung function tests, and CRP tests. So, I don't see any problem with that.” (P1)

A few highlighted a limitation of implementing DRS in general practice: their inability to independently interpret the images, unlike other measurements performed in diabetes care.

	“The disadvantage is that we are not able to interpret the image; unlike with an ECG, where the machine provides its interpretation, but we always have our own as well. We wouldn't really be able to do that with a retinal image.” (P14)


3.1.3.1 Validity as the foundation for technological trust and implementation

The validity of the results was essential for the staffs' trust and accept of the screening into general practice.

	“If it is valid, and it works as intended, I have no doubt that it could easily be implemented here. There would be no problem with that.” (P3)

A few staff members expressed that if the screening was implemented staff would have no choice but to trust the results.



3.1.3.2 AI as a screening tool

Staffs were generally not concerned regarding their use of AI in this screening, with several pointing out that AI is already widely utilised in various aspects of daily life and is generally seen as an inevitable part of the future.

	“So, I'm not nervous about it being artificial intelligence. No, it's the future, that's for sure.” (P20)




3.1.4 Implications of DRS in general practice
 
3.1.4.1 Increased accessibility and attendance

Staff believed that implementing DRS in general practice could increase patient accessibility and noted positive patient feedback on the screening. Furthermore, the established patient-provider relationship and the absence of eye drops were seen as factors that could further enhance patient convenience of DRS in general practice.

	“All patients expressed that they would like it to be part of their consultation here… I believe there are several factors involved, such as the convenience of simply coming here and the fact they meet someone they know well, which provides them with a sense of comfort. And, they don't need to have their eyes dilated, so it's easier for them to go home afterward—they can drive or cycle themselves.” (P17)

Most staff highlighted that screening in general practice could increase DRS attendance by reaching patients who don't visit the ophthalmologist, potentially leading to earlier detection.



3.1.4.2 Avoidance of ophthalmology visits

Screening in general practice was viewed by most as an opportunity to save patients' time, allowing those without detected alterations to avoid visiting an ophthalmologist for DR evaluation. A few staff members highlighted the advantage of patients not needing to take time off work.

	“They wouldn't have to make an appointment with the ophthalmologist and take time off work again—they could get everything done while they were already here. This way, they wouldn't need to take time off work twice.” (P19)

Several staff members noted that general practice could sort healthy eyes, ensuring that ophthalmologists only manage patients with detected alterations. One staff member expressed ophthalmologists have long waiting lists while spending time examining many patients without DR alterations:

	“Ophthalmologists have long waiting list and could use their resources for other things. And when I look at the results, and there are no alterations, it means ophthalmologists are seeing many healthy eyes, which is silly.” (P18)



3.1.4.3 Increased responsibilities in general practice

While staff believed that DRS would be a manageable task, they emphasised the importance of being cautious taking on additional responsibilities without adequate resources. Most did not perceive the screening as an additional burden, but rather as a natural extension of the diverse roles that especially nurses already perform. However, it was emphasised that any new task, such as DRS, should provide value for both patients and practice without placing undue pressure on the workload:

	“Generally, it is my clear impression that we need to be very cautious about taking on additional tasks in general practice until we get more colleagues… It's important to ensure that the time invested provides the benefits, both for the patients and for ourselves, that correspond to the effort we put into it.” (P1)

Some mentioned that DRS in general practice could enhance the quality of diabetes care by adding a new dimension to diabetes management. One individual expressed a desire to expand their provider role and take on additional tasks to contribute further to patient care:

	“I want to be able to do what we need to do and be at the forefront and do everything we can for the patients. That is the most important task, so the more we can do out here, the better, because we're the ones who see the patients, we're the ones who are in touch with them. So, it's definitely an advantage.” (P17)






4 Discussion


4.1 Key findings

This study provided valuable insights into staff experiences and perspectives on conducting AI-assisted DRS in general practice. Key factors highlighted from implementing DRS in daily practice included logistical adaptations, challenges encountered during the process, and staff perceptions of the ease of performing DRS. For successful future implementation, staff emphasised the importance of the physical setup for screening, financial considerations, and a desire for increased knowledge about DRS. Staff expressed trust in and approval of the screening, though this was closely tied to the validity of the results. The implications of DRS in general practice, according to staff, could include increased convenience and attendance for patients, avoidance of ophthalmology visits for those without DR alterations, but would also include an increased responsibilities to general practice.



4.2 Findings in relation to previous studies

Since DRS is typically conducted in ophthalmology practices, this study, along with previous research (12), points that environmental factors do not always align optimally with the screening setup. Beede et al. (12) identified that DRS in some practices were conducted in shared or partially lit spaces, resulting in some screenings being performed under full illumination. This may negatively have impacted image quality but was most likely the available option within the clinical setting. Similarly, this study found staff using creative solutions to darken rooms sufficiently, and screenings were reported conducted in hallways or shared spaces due to practical constraints in the clinical setting. Therefore, careful evaluating practice's physical layout and workflow is crucial to minimise external factors that could negatively impact the screening process.

Staff did not exhibit significant resistance towards using AI; however, they emphasised that their trust in AI was dependent on technological validity. Similarly, previous studies have highlighted that health care staff value evidence supporting the validity and reliability of AI tools as essential for enhancing their acceptance and trust in such technologies (5). Acceptance of a new technology is according to Technology Acceptance Model (TAM) dependent on individuals' perceived usefulness and ease of use (26). Ease of use has also been predicted as important for successful implementation of DRS into primary care (5, 15) and staff in this study described the screening process was quick and easy to use. However, previous studies have reported less convincing results regarding ease of use when employing different screening equipment and AI software (5). Selection of fundus camera and analysis software should therefore be carefully considered to ensure that users experience ease of use. The fundus camera selected in this study was user-friendly and featured multiple automated functions, complemented by automated analysis. According to TAM, the likelihood of accepting a technology increase when users perceive it as enhancing their performance while requiring minimal effort to use (26). In this study, enhanced performance for staff can be described as their improved competency in diabetes management. Staff noted that DRS could improve quality of diabetes care, which they regarded as a clear advantage. From TAM perspective, these factors likely support staff acceptance of the technology.

Adequate training is highlighted as a critical factor for successful implementation of AI tools (15, 16, 27), a finding supported by this study. AI tools enable task shifting to less specialised personnel by performing tasks traditionally carried out by specialists (28) in this study, analysis of fundus images. However, insufficient training can pose challenges, as a lack of knowledge about advanced technologies often leads to practical difficulties and hesitancy in adoption (15, 27). Prior research emphasises that targeted education and training not only enhance the experience for healthcare professionals but also facilitate the adoption of digital health technologies, whereas a lack of training is associated with negative experiences and reduced utilisation (27). It would therefore be advantageous to implement training that encompasses both the clinical and technical aspects of DRS.

Primary care is viewed as an ideal setting for the implementation of various AI solutions, given their role as the first point of care (1, 2). This is particularly advantageous because AI tools can enhance efficiency and support clinical decision-making (1). However, general practices are already under significant pressure due to heavy workloads, and general practitioners have some concerns regarding whether AI solutions will alleviate or exacerbate this burden (29). While certain AI tools have the potential to assist or take over tasks (1), the introduction of new responsibilities, such as DRS, inevitably adds to the workload. As highlighted by staff in this study, it is essential that any new task implemented in general practice is meaningful both to the practice and to patients. Staff did not view the screening as an additional burden but describe it as an opportunity to improve the quality of diabetes care. Research on patients perception on AI-assisted DR screenings in primary care has generally been positive, with many expressing satisfaction and a willingness to use this method again (4, 17, 30). Nevertheless, some patients remain hesitant about AI replacing ophthalmologists in diagnostic roles (30, 31). Therefore, patients' perceptions towards AI-assisted DRS in primary care should be thoroughly considered and further explored when planning its implementation.

Aligning with findings from prior studies (13–15), this study emphasises the critical role of economic considerations. A Singaporean study identified a combined AI-human approach—where AI analysed images and humans graded positive cases—as the most cost-effective (32). Similarly, a Scottish study reported a 46.7% cost reduction by replacing first-level human assessment with AI (33), while a UK study observed savings of 12.8–21.0% (34). These differences likely stem from variations in screening program design, classification criteria, workforce costs, and pricing models (33, 34), emphasising the importance of conducting cost-effectiveness analyses in the targeted country.

The AI software used in this study employs SVML to classify the presence or absence of DR. In contrast, newer AI software based on deep learning can classify DR according to the International Clinical Diabetic Retinopathy (ICDR) severity scale; however, its “black-box” nature limits explainability, as it relies on pattern recognition rather than traditional lesion identification (28, 35). A limitation of the software used in this study is its inability to grade DR according to the ICDR scale. However, it offers high explainability by providing black outlines around the detected red lesions, facilitating the identification of pathological changes. The software has been described as a useful screening tool for distinguishing between eyes with and without DR (36), which may be sufficient for DRS in general practice, where patients with retinal changes need to be referred to an ophthalmologist. The necessity of ICDR-based grading should be carefully considered depending on the setting and intended use.



4.3 Strengths and limitations

A strength of this study is that staff gained hands-on experience with screening within a real clinical setting, identifying practical advantages and areas for improvement, which provided valuable insights for future DRS implementation.

This study has methodological limitations. This study could have been strengthened by applying a theoretical framework, such as the Consolidated Framework for Implementation Research (37) or Normalisation Process Theory (38). While we did not apply a theoretical framework in this feasibility study, as our primary aim was to explore initial feasibility through staff experiences and perspectives, future research should consider integrating relevant theoretical frameworks to strengthen the understanding of implementation processes and support long-term adoption.

The interviewers had limited experience with qualitative research, which may have influenced both the interview process and data analysis. To enhance trustworthiness and credibility of the data analysis, two researchers were involved. The sample size of interview participants was not determined through an analytical assessment of data saturation, but was instead defined pragmatically. We included staff from all participating practices, as different workflows, staff availability, and organisational structures could have influenced their experiences with DRS. These factors, we believe, were essential to explore to gain a comprehensive understanding of staff experiences.

The potential for selection bias is a limitation of this study, as participating practices had to be willing to adapt their workflows to incorporate screening. This may have attracted practices with a greater interest in AI-assisted DRS. Furthermore, the responsibility for T2D care in Danish general practices often lies with nurses under the supervision of general practitioners. The purpose of this feasibility study was not to select specific staff based on their profession, but rather to gain insight into the experiences and perspectives of those conducting the screening. Staff conducting DRS staff were selected by the practices based on their involvement in T2D care, however, the overrepresentation of nurses may limit the generalisability of the results to clinics with a different workflow.



4.4 Implications for policymakers

If DRS in general practice is a policy objective, a fundamental restructuring of the current DRS process is necessary. It requires internal adjustments within practices and given the variation in physical layouts and workflows, it is essential to provide practices with autonomy in decision-making regarding how to implement DRS into each practice. Additionally, it is essential to consider external factors such as who will bear the cost of the equipment and how general practices will be compensated conducting DRS. Moreover, clinical guidelines must include recommendations for handling DRS and when ophthalmologist referral is necessary.



4.5 Future research

Integrating new technologies into healthcare is inherently complex. This study first underscores the need to address both practical and systemic factors for successful implementation of DRS in general practice. To support this process, future research should investigate key elements to further inform a Health Technology Assessment (39), such as patient perspectives, an economic evaluation of the cost-effectiveness of adopting AI-assisted DRS in Danish healthcare and further assess the validity of DRS in real-world clinical settings.

Second, the AI software utilised in this study has primarily been tested on a Caucasian population (36), and its generalisability to other ethnic groups remains uncertain. This limitation is also observed in other retinal AI software, which has frequently been tested on specific ethnic populations (28, 40). Furthermore, studies have pinpointed that the image quality and accuracy of AI models can vary depending on the camera used (40). Software requirements and camera models are critical factors to consider for optimal implementation, warranting further investigation.




5 Conclusion

Through staff interviews, we gained insights into the experiences and perspectives on conducting DRS in general practice. Integrating DRS required logistical adaptations, and while staff generally described the screening as quick and easy, some encountered challenges that required problem-solving. Key factors for successful future implementation included the clinical setup, financial considerations, a defined plan for ophthalmologist involvement and the need for greater knowledge about DRS for staff. Staff expressed trust in and approval of DRS, though this was contingent on the validity of screening results. The introduction of DRS in general practice could enhance patient convenience and attendance, reduce unnecessary ophthalmology referrals, but also increase responsibilities for general practice. This study provides a foundation for future research on optimising AI-assisted DRS implementation in general practice, while recognising that the insights gained may also inform broader primary care context.
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Introduction

Adherence to diabetes self-care management is a lifestyle modification for people with diabetes.





Objective

To assess adherence to diabetic self-care management and associated factors among type 2 diabetic patients in North Shewa Zone public hospitals, Ethiopia, 2023.





Methods

The study employed a concurrent mixed-methods approach among 600 type 2 diabetic patients in North Shewa Zone public hospitals in Amhara, Ethiopia. The study was conducted from May 5 to May 20, 2023. The quantitative data were collected by using a semi-structured interview-administered questionnaire and chart review. Logistic regression was employed, and a p-value < 0.05 was considered statistically significant. Qualitative data were collected by in-depth interviews, and audio recordings were first transcribed verbatim and then translated to the English language by the first author and analyzed manually using a thematic approach.





Result

Out of the total 600 type 2 diabetic patients, 262 (43.7%) with 95% CI: 40–47.8% of the study participants had good adherence to diabetes self-care practices. The multivariable analysis indicated that type 2 diabetic patients who lived in urban areas [AOR: 5.4, 95% CI: (1.05-8.7)] were 5.4 times more likely to have good diabetic self-care practice than those rural residents. Those who had a high school level of education [AOR: 2.9, 95% CI: (1.3-6.6)] were 2.9 times more likely to have good self-care practice, and those with college and above [AOR: 5, 95% CI (2–12):] were five times more likely to have good self-care practice. Regarding occupation, unemployed people were 66% less likely to have good self-care practices than employed people. Those who had no availability of healthcare services [AOR: 0.19, 95% CI: (0.09-0.37)] were less likely by 81% to have good self-care practice than those who had availability of healthcare services. These are significantly associated with diabetic self-care practice. The qualitative component clarified six themes: lack of education and awareness, financial affordability, accessibility, lack of family support, and having diabetic-related complications were identified as barriers.





Conclusion

This study indicated that adherence of patients with type 2 diabetes to the recommended self-care practices was considerably poor. Different factors included the respondents who had a high school level or higher level of education and those who lived in urban areas. This was supported by the results from the qualitative part and thus the endorsement to strengthen diabetes health education to patients and their families. So, diabetic patients require an integrated approach through treatment as well as health education, which will increase the health and well-being of the patient.





Keywords: type 2 diabetes mellitus, adherence to diabetes self-care practice, factors, North Shewa Zone, Ethiopia





Background

According to estimations from the World Health Organization (WHO), type II diabetes mellitus (T2DM) is the third-highest risk factor for early mortality globally, behind only high blood pressure and cigarette use. Furthermore, considerable epidemiologic research demonstrates that T2DM incidence is rising globally. It affects 463 million people and is expected to affect 629 million people by the year 2045, making up around 90% of all diabetic patients (1). Effective management of T2D requires individuals to adhere to a comprehensive self-care regimen, which includes lifestyle modifications such as dietary changes, regular physical activity, blood glucose monitoring, medication adherence, and routine medical checkups.

A metabolic condition with numerous etiologies, diabetes mellitus (DM) is defined by an elevated blood glucose level and abnormalities in the metabolism of carbohydrates, fats, and proteins as a result of problems in insulin secretion, insulin action, or both (2). Insulin resistance is a metabolic disorder known as type 2 diabetes that is characterized by a progressive loss of adequate cell insulin production and a rise in blood sugar levels (hyperglycemia) (1, 3).

Poor eating habits and physical inactivity are the two main modifiable risk factors for developing type 2 diabetes (DM2) in addition to genetic predisposition (4), which accounts for 90% to 95% of all instances of the illness. The increased prevalence of type 2 DM worldwide was influenced by changes in lifestyle and an increase in obesity (5). It is a terrible, widespread chronic condition that frequently results in limb amputations, blindness, renal failure, and stroke (6).

According to the World Health Organization (WHO), increasing the efficacy of self-management support may have a more significant impact on population health than medical therapies. The term “self-management” refers to the alterations in lifestyle required to manage a chronic illness (7).

The study conducted in Debre Markos showed that the majority of respondents, 221 (92.5%), were trying to manage their diet, and only 32.9% of them were trying weight reduction (8).

Self-care is an activities that people take on their own initiative to maintain their own health, happiness, and quality of life. Additionally, it is crucial and absolutely necessary in the overall control of diabetes and is frequently regarded as the cornerstone of diabetic care (9, 10).

Diabetes self-care practices are critical in keeping the disease under control, and as much as 95% of the self-care is usually provided by the patients or their families (11).

Self-management refers to the individual’s capacity to manage the symptoms, treatment, physical and psychosocial significances, and lifestyle changes characteristic of living with a chronic condition (12).

Adhering to diabetic self-care management involves changing one’s lifestyle and may involve taking medication, recommended diet, regular physical activity, foot care practice, and self-monitoring blood glucose (SMBG) (6, 13). Adherence is a potent, complex process with many interrelated components. Factors relating to psychology, and demographics, and society have been linked to diabetes patients’ adherence. Commitment to these self-care practices enhances blood sugar regulation, maintains blood pressure, lessens the severity of problems, and lowers medical expenses (14).

There are various types of diabetes: Type 1 diabetes is an autoimmune disorder where the body’s immune system attacks and destroys the insulin-producing beta cells in the pancreas. This results in little to no insulin production. It is most commonly diagnosed in children, adolescents, or young adults. People with type 1 diabetes are insulin-dependent for life because their bodies cannot produce insulin. In type 2 diabetes, the body either becomes resistant to insulin or does not produce enough insulin. The exact cause is unclear but is often linked to lifestyle factors such as obesity, physical inactivity, and poor diet. Typically develops in adults (over 40 years old), but increasing numbers of children and adolescents are being diagnosed due to rising obesity rates. Insulin is not always required initially, but many people with type 2 DM may eventually need insulin or other medications to control blood glucose.

The significance of self-management compliance in preventing type 2 diabetes complications following self-management guidelines is essential to avoiding type 2 diabetes (T2D) problems. T2D is a chronic illness that can cause blindness, kidney failure, neuropathy, cardiovascular disease, and other long-term health issues if left untreated.

Self-management is crucial for regulating blood glucose levels and reducing the risk of these complications because the disease is chronic. This includes keeping an eye on blood glucose levels, taking medications as directed, eating a healthy diet, exercising frequently, and managing stress. The roles of adherence to self-management in preventing complication are also prevention of long-term complications, control of risk factors for cardiovascular disease, management of comorbidities, prevention of cute complications, psychological benefits, and overall quality of life.

The current study can utilize study populations from different health institutions and have better generalizability. Therefore, the finding of this study would be important for the health professionals, zonal health department, regional and federal ministry of health, and policymakers to emphasize adherence to diabetic self-care management and associated factors among diabetic patients.

Health practitioners can identify as high-risk for disease-related complications early and take prompt action to improve their outcomes by giving education, emphasizing the management of diabetes. Helping patients improve their health and quality of life is considered an important aspect of diabetes self-care for patients and their relatives. Therefore, the findings of the current study will be helpful to design adherence to diabetic self-care practice and to explore different barriers of self-care practice, and also it helps every staff member in the diabetic clinic to improve the health information about self-care practice.

A study in a Gamo Gofa Zone public hospital found that participants who lived in the rural areas were seven times more likely to have poor diabetic self-care than their counterpart (AOR: 7.16; 95% CI 3.31–15.46) (6). A cross-sectional study done in Debre Markos University found that the study participants who were rural residents were 29% (AOR: 0.71, 95% CI 0.40–2.23) less likely to practice self-care habits than those urban residents (8).





Materials and methods




Study design, setting, and period

This study employed a concurrent mixed-methods approach in order to offer a more comprehensive understanding of a research problem and was conducted in the North Shewa Zone public hospitals in Ethiopia. For both quantitative and qualitative studies, the data collection was held from May 5 to May 20, 2023. The methods of integration of quantitative and qualitative study were as follows: Sequential integration involves using one method first and then using the other method. The North Shewa Zone is one of the 12 zones found in the Amhara regional state. Its city administration is Debre Berhan, which is located 130 km from Addis Ababa and 695 km from Bahir Dar, the capital city of the Amhara regional state. The total population of the zone is 2,322,148, out of which 1,171,150 are men and 1,150,638 are women. The zone is bordered at the south and the west by the Oromia special zone on the northeast and the Afar region on the east. According to the zonal health department report, the North Shewa Zone has 164 private clinics, 97 governmental health centers, 391 health posts, 8 primary hospitals, 2 general hospitals, and 1 comprehensive specialized hospital. North Shewa Zone has a total of 11 public hospitals (56).





Study population and inclusion criteria

All type 2 diabetic patients who got services in North Shewa Zone public hospitals were considered as the source population for both quantitative and qualitative study designs. Included were those in this study whose age was greater than 18 years and who had follow-ups for at least 6 months. Clients who could not communicate due to illness and pregnant women were excluded.





Sample size determination

The sample size required for the study was calculated using Open Epi statistical software, version 3.03. A 95% confidence interval (CI), a 5% margin of error, and a 44.7% prevalence of adherence to diabetic self-care management were the assumptions made. Adding a 10% non-response rate, the estimated sample size was 417 (15). By using a design effect of 1.5, the total sample size becomes 626.





Sampling procedure

A simple random sampling technique was used for the selection of hospitals after identifying all public hospitals in the North Shewa Zone. Debere Berhan Comprehensive Specialized Hospital (DBCSH), Mehal Meda General Hospital (MMGH), Deneba Primary Hospital (DPH), and Shewarobit Hospital (SPH) were selected randomly, and then a sample was drawn from each hospital based on primary data from type 2 DM patients who came for follow-up, and their medical record number (MRN) was used as a sampling frame. The total number of T2DM in selected hospitals was 1420 (Figure 1). The sample has been allocated proportionally for each hospital. Study participants were selected using a systematic random sampling technique. First, the sampling interval (K) value was determined by dividing the total number of type 2 diabetic patients in the study period by the total sample size, which gives 2. The first participant was chosen by the lottery method, and the rest were chosen at every two intervals until the desired sample size was reached. The number of participants for the qualitative interview was selected by using purposive sampling to select 15 type 2 DM patients from four public hospitals in their specialized diabetic clinic. Participants were selected based on their duration of diabetes monthly follow-up for more than 5 years. From Debre Berhan Comprehensive Specialized Hospital, Deneba Primary Hospital, Mehalmeda General Hospital, and Shewarobit Primary Hospital, participation was using in-depth interviews till the patterns or themes in the data became repetitive and no new information was being revealed through further data collection; the data were theoretically saturated.

[image: Flowchart showing the sampling process in the North Shewa Zone. Eleven public hospitals were narrowed down to four by simple random sampling: Debre Berhan Hospital, Denba Hospital, Shewarobit Hospital, and Mehalmeda Hospital. Eligible participants were identified, and proportional allocation provided sample sizes of 409, 51, 94, and 72, respectively. Total sample size equaled 626 through systematic random sampling.]
Figure 1 | Adherence to diabetic self-care management and it's associated factors among type 2 diabetic patients in North shewa zone public hospitals, Ethiopia 2023.





Data collection tool and procedure

Data were collected by using a semi-structured interview-administered questionnaire, which contained five subparts. Part one is sociodemographic factors, which included five questions. Six questions made up the tool’s second section, “Health care facility related factors,” and three questions made up its third section, “Disease-related factors”. The fourth section included two questions and treatment-related parameters. The last one was the outcome variable. Adherence to diabetic self-care activities consisted of five domains, namely, adherence of diet, physical activities, blood sugar testing, foot care, and antidiabetic medication. Each domain has four, two, two, four, and three questions, respectively. Within qualitative tools, age and sex are included in sociodemographic questions for type 2 DM patients, and they also ask about period of diagnosis. Four barriers of adherence to diabetic self-care practice questions were included in the qualitative part. If the data were collected anonymously, confidentiality and beneficence would be assured throughout the study period.

The study participants for both the quantitative and qualitative parts were notified orally and signed an informed consent and were then selected using systematic sampling at every other patient. The first respondent was chosen by lottery from the first two patients to the hospital. A purposive sampling procedure was used to recruit type 2 DM patients for the study based on their sex, age, and the period of their diagnosis (16). This was done to be able to see the different methods of self-care practices from different perceptions.

All in-depth interviews were conducted by the first author in a private space within the hospital compound. The interview was conducted in the Amharic language and tape-recorded with verbal consent obtained from the study participants, and then translated into English. The required data were collected by four BSc nurses. Training was provided for data collectors similar to that of the quantitative part. We used different strategies to mitigate interview and social desirability bias, as follows: standardize interviews, train interviews, minimize non-verbal cues, ensure confidentiality, ensure anonymity, create a comfortable environment, and use indirect questions.





Study variable

The dependent variable of the study is adherence to self-care. Sociodemographic variables (sex, age, marital status, level of education, occupation/employment), healthcare facility-related factors (access to healthcare facilities, patient satisfaction with quality healthcare services, physician patient relationship, and communication of critical information), disease-related factors (duration of type 2 DM, comorbidity, illness-associated complication), and treatment-related factors (route of administration, duration of treatment) are among the explanatory variables that can be used to explain the data.





Definition of terms




Adherence to diabetic self-care management

	✔ Adherence: the extent to which a person’s behavior concerning taking medication, following a diet, and/or executing lifestyle changes corresponds with agreed recommendations from a health provider (9).

	✔ Self-care: activities that individuals initiate and perform on their behalf in maintaining life, health, and well-being (9).

	✔ Self-care practice: It is a daily regimen task that the individual patients were to perform to manage diabetes on their behalf (dietary practice, exercise, medication, daily foot care, and monitoring blood glucose) (15).

	✔ Diabetes self-care practice was assessed by participants’ responses to the 14-item Summary of Diabetes Self-Care Activities (SDSCA) in the last 7 days. Response choices for each question ranged from 0 to 7 based on the number of days on which the indicated behavior was performed (15).

	✔ The overall mean score was estimated by the summation of each item of the scale and divided by the total number of questions. Therefore, after calculating the overall mean score, participants who scored equal to or greater than the mean score were classified as having good diabetes self-care practice, and those who scored below the mean were considered as having poor self-care practice (15).








Data quality assurance




Data processing and analysis

Data were cleaned, edited, and entered using EPI data version 4.6 and transported to SPSS version 25 statistical software for further analysis. Descriptive statistics was used to organize and summarize the variables. Bivariable analysis for each independent variable with the outcome variable was performed to select candidates for multivariable analysis. All independent variables with a p-value less than 0.25 were taken as candidates for the multivariable logistic regression model, and then finally p-values of less than 0.05 at 95% CI were used to declare statistical significance. A multicollinearity test was used to see the linear correlation among independent variables by using standard error, and there was no existence of multicollinearity. The Hosmer and Lemeshow goodness-of-fit test was done, and the model was fitted. The adjusted odds ratio (AOR) from multivariable logistic regression was used to measure the strength of association between dependent and independent variables. Finally, summary measures, tables, and figures were used to present the findings.





Qualitative part

A thematic method was used to manually examine the data, and as a result, codes and groups that made understanding easier arose according to variable coding steps.






Data processing and analysis

Data were cleaned, edited, and entered using EPI data version 4.6 and transported to SPSS version 25 statistical software for further analysis. Descriptive statistics was used to organize and summarize the variables. Bivariable analysis for each independent variable with the outcome variable was performed to select candidates for multivariable analysis. All independent variables with a p-value less than 0.25 were taken as candidates for the multivariable logistic regression model, and then p-values of less than 0.05 at 95% CI were used to declare statistical significance. Multicollinearity test was used to see the linear correlation among independent variables by using standard error, and there was no existence of multicollinearity.

The Hosmer and Lemeshow goodness-of-fit test was done, and the model was fitted. The adjusted odds ratio (AOR) from multivariable logistic regression was used to measure the strength of association between dependent and independent variables. Finally, summary measures, tables, and figures were used to present the findings.




Qualitative part

A thematic method was used to manually examine the data, and as a result, codes and groups that made understanding easier arose according to the variable coding step.

In addition to the qualitative findings, the findings were provided in textual narrations and quotations, and they supported the quantitative findings using this step. Steps of the thematic method include the following: familiarize yourself the data by reading it multiple times, generate initial codes by tagging significant pieces of data, search for themes by grouping similar codes together, review themes and refine themes, define and name themes, write the analysis, and use data to support the findings.






Ethical approval

Ethical clearance was obtained from the institutional review board of the Debre Berhan University with institutional research ethics review committee number IRB 01/93/2023. A support letter was written to each hospital. The purpose of the study was clearly explained to the participants, and their written informed consent was obtained before data collection. The study was conducted in accordance with the Declaration of Helsinki ethical principles for medical research on human subjects. This study was conducted after obtaining ethical clearance from the Debre Berhan University College of Health Sciences Ethical Review Board. A formal letter obtained from Asrat Woldeyes Health Science Campus, Debre Berhan University, was submitted to the hospital administration to gain their cooperation. The respondents’ rights and dignity were also respected. Written informed consent was obtained from the study participant to confirm willingness for participation after explaining the objective of the study. The respondents were notified that they have the right to refuse or terminate at any point of the interview. The information provided by each respondent was kept confidential throughout the research process.






Results




Sociodemographic characteristics of participants

There were a total of 626 participants, 600 of whom were involved in this study, making a response rate of 96%. Of these, more than half, 323 (53.8%), were men. The age of study participants ranged from 30 to 85, with the mean age of 52.65 years (S.D. ± 12.347). A total of 430 (71.7%) failed within the range of the 30-60-year age group. More than half, 313 (52.2%), of the participants were married. Among the study participants, nearly 371 (61.8%) of the participants were from an urban area. Regarding educational status, 192 (32%) were college and above. In terms of occupation, 445 (74.2%) were unemployed (Table 1).

Table 1 | Sociodemographic characteristics of type 2 diabetic patients in public hospitals of North Shewa Zone, Ethiopia, 2023 (n=600).


[image: A table presents demographic statistics with variables, categories, and frequency percentages. Age: 30-60 (71.7%), 61-70 (19.7%), over 70 (8.7%). Sex: male (53.8%), female (46.2%). Marital status: single (19.5%), married (52.2%), divorced (10.2%), widowed (18.2%). Residence: urban (61.8%), rural (38.2%). Education level: no formal (23.5%), primary (17.5%). Occupation: high school (27%), college and above (32%), unemployed (74.2%), employed (25.8%).]




Healthcare facility-related factors

More than half, 361 (60.2%), type 2 DM participants lived in urban areas. Of the respondents, nearly 350 (58.3%) of them had got healthcare services at any time. According to the findings of this study, around 515 (88.5%) of the participants were satisfied with the quality of healthcare services, and around 525 (87.5%) got sufficient attention from healthcare professionals. Almost 522 (87%) study participants said that “all healthcare practitioners told them about the critical nature of the disease,” but from all study participants, only 245 (40.2%) received published patient education materials on diabetes (Table 2).

Table 2 | Frequency and percentage distribution of healthcare facility-related factors among type 2 DM patients in North Shewa Zone public hospitals, Ethiopia, 2023 (n=600).


[image: Table displaying variables, categories, and frequency percentages. Variables include distance from hospital, availability and quality of healthcare services, sufficient attention, published education materials, and self-care council. Categories list yes/no options, with corresponding frequency counts and percentages. For example, 60.2% live within zero to five kilometers from a hospital, and 85.8% perceive healthcare quality positively.]



Disease-related factors

The mean duration of DM was 5.37 years with an SD of ±3.114 years. There were 351 (58.5%) respondents who had DM duration between 1 and 5 years; 111 (18.5%) had DM-related complications. Nearly 148 (24.7%) were admitted to hospitals as a result of diabetes mellitus complications in the last year. With regard to the presence of comorbidity along with diabetes, 358 (59.7%) of respondents had comorbidity, among which hypertension was the most common (173, or 28.8%), followed by heart failure and renal disease (Table 3).

Table 3 | Frequency and percentage distribution of disease-related factors among type 2 DM patients in North Shewa Zone public hospitals, Ethiopia, 2023 (n=600).


[image: Table displaying variables related to diabetes management. Variables include DM duration, treatment duration, comorbidities, complications, and hospitalization history. Categories are listed with corresponding frequency and percentages. For example, DM duration in 1-5 years shows 351 occurrences at 58.5 percent.]





Treatment-related factors

Most respondents, 450 (75%), took oral hypoglycemic agents. Of all participants, 113 (18.8%) took both an oral antidiabetic drug and insulin for their diabetes management. The remaining study participants were using insulin therapy. Regarding this, 127 (21.2%) took insulin therapy one time per day (Figure 2).

[image: Pie chart showing medication usage distribution: oral hyperglycemic agents at seventy-five percent (green), insulin therapy at six point two percent (red), and both at eighteen point eight percent (yellow).]
Figure 2 | Diabetes management type among type 2 diabetic patients in North shewa Zone public hospitals, Ethiopia 2023.





Frequency of adherence to diabetic self-care management

The majority 91.8% of the study participants had the self-care practice of taking recommended medication, nearly 41% of respondents had the self-care practice of regular physical activity for over 30 min more than 3 days per week, and 184 (30%) of respondents reported they checked their feet every day. Nearly 35.8% of respondents had good diet adherence, and also around 26% of the respondents had good blood glucose tests. The overall mean score for self-care among the study participants was 1.4367 (SD ±0.49639). Overall, 262 (43.7%) of participants had good self-care practices (Figure 3).

[image: Pie chart showing adherence to diabetic self-care practice. It displays two sections: blue for good adherence at 43.7% (262 people) and pink for poor adherence at 56.3% (338 people).]
Figure 3 | Over all mean adherence to diabetic self care practice among type 2 diabetic melletius patient's in North shewa Zone public Hospitals, Ethiopia 2023.





Adherence to diabetes self-care and its barriers

A total of 15 type 2 DM patients participated in the qualitative interview study. The participants’ ages ranged from 35 to 68 years; with regard to their sex, nine participants were men, whereas the remaining were women. Their duration of diagnosis ranged from 1 to 12 years. The six themes related to barriers for adherence to diabetic self-care practice that were recognized were lack of education, financial affordability, limited awareness, and negligence toward adherence to diabetic self-care practices, accessibility, lack of social support, and having diabetic-related complications.




Theme 1: Negligence

Most of the respondents consider their anti-diabetes medications as the most important component of diabetes management and their existence, but they should not omit appropriate doses.


“…I don’t take my medicine on time….” (65-year-old female respondent)







Theme 2: Limited awareness and negligence toward diabetic self-care practices

Diabetic patients were not appropriately aware of the importance of diet and did not know how to prepare their meals or family meal preparation habits. Most of the respondents reported being properly counseled by their physicians to do regular exercise and its importance also and about uses of foot care in their diabetes self-care.


“Health care providers guided me to do easy exercise at least for 30 minutes per day to take care of foot cleanliness. But I have done it irregularly as I needed, and I washed my foot at bedtime.” (38-year-old male patient)




“Frankly speaking, I live nearest to the hospital, but I will not come to the hospital until my condition is predominantly serious. Even though healthcare providers taught me about diabetic self-care, I didn’t give attention to myself till now.” (57-year-old male respondent)







Theme 3: Lack of family support

Lack of support in the family setting can create difficulties for diabetic patients when handling the illness in everyday life and practicing adherence to diabetic self-care. All participants revealed that social support had a great role in coping with stressful events. On the other hand, those who compared themselves with other patients needed to undergo medical checkups more frequently. Due to this reason, family support contributed to their own role, such as following treatment recommendations, attending clinic appointments, and supporting other diabetic self-care practices. This result showed that most participants had no family support as needed.


“My husband died not too long ago, and my kids are too young. So I don’t really take care of myself, and also I don’t have anyone to take care of me.” (39-year-old female respondent)



Factors associated with adherence to diabetic self-care management

Based on bivariable analysis, in the study participants aged between 61 and 70 years (COR 0.68, 95% CI), 32% were more likely to have good adherence than those aged between 30 and 60 years. Those over 70 years (0.16, 95% CI (0.07-0.37)) were less likely to have good adherence than those aged between 30 and 60 years. Regarding gender, women (COR: 1.2 times more likely) had good adherence than men. Regarding the duration of type 2 DM diagnosis, 1–5 years (COR 5.5-CI (2.5-12.1) were 5.47 times more likely to have good adherence than the >10-year duration; similarly, the duration of type 2 DM diagnosis of 6–10 years (COR 2.3-CI (1.01-5.2)) was 2.3 times more likely to have good adherence than the >10-year duration of type 2 DM diagnosis. Those who have medical complications related to diabetes (COR 0.26-CI (0.2-0.4)) were 74% less likely to have good adherence than those who have no medical complications related to diabetes; this is also supported by qualitative methods as below.





Theme 4: Diabetic-related complications

Almost all participants reported that this diabetic disease was an illness that dictated changes in lifestyle and living habits. It was essential to modify the diet and to increase physical activity. The most commonly mentioned reasons for not doing regular physical exercise were feelings of pain or disturbed daily activities due to DM-related complications, lack of interest, and lack of motivation.


“Of course! In case of diabetes, my vision is blurred and disturbed to daily activities; for instance, I stopped getting out of the house as usual; also, I was forced to leave my business.” (55-year-old male respondent)




“I know diabetes is incurable and has its own complications because I lived with diabetes for a long period of time, and it resulted in a kidney problem and hypertension. I felt weak and in pain, so I am not interested in doing different activities.” (52-year old female respondent).



However, in multivariable analysis, living place, level of education, occupation, and availability of healthcare services at any time were significantly associated with adherence to diabetic self-care practice to be a candidate for multivariable logistic regression analysis. Based on this finding, people with type 2 diabetes who lived in urban areas were approximately [AOR-5.5, CI (1.1-8.8)] five times more likely to have better adherence to diabetic self-care practice than rural people.





Theme 5: Accessibility (distance)

Most of the respondents lived in the rural area; their appointment time is passing due to lack of accessibility of hospitals and clinics around them. The majority of the respondents reported that they do not regularly check their blood glucose level because they live in distant areas. It indicates a high risk for diabetic complications due to poor glycemic control.


“…I live in a rural area and could not get to nearby hospitals and clinics….” (48-year-old female respondent) “I prefer more frequent checkups. When I know that the doctor is going to see the results of my blood glucose level. I am more careful about the food I eat and the increment of blood glucose by measuring it….” (42-year-old male respondent)



The respondents who were attended to at the high school level [AOR: 2.98, CI (1.3-6.7)] were 2.98 times more likely to have good adherence to diabetic self-care practice, and also those who were attended to at a higher level of education, college and above [AOR: 5.1, CI (2.1-12.5)], were five times more likely to have a statistically significant association with their adherence condition. This result is also supported by the following qualitative results.





Theme 6: Lack of information

Some participants are unable to read and write; some of them have a lack of information due to healthcare providers not being well informed about adherence to diabetic self-care practice during follow-up.


“My children are not around all the time, and I’m not well educated, so I don’t know all the things I should do to take care of myself and miss out on my medication.” (54-year-old female respondent)



The study participants who are unemployed [AOR: 0.34, CI (0.15-0.77)] were less likely by 66% to adhere to diabetic self-care practice than those who are employed. From the total respondents who had no availability of healthcare services at any time [AOR: 0.19, CI (0.09-0.37)], there was less likelihood by 81% of adherence to diabetic self-care practice than availability of healthcare services at any time (Table 4). This result is also supported by the following qualitative results.

Table 4 | Bivariable and multivariable logistic regression analysis on study of adherence to diabetic self-care management and associated factors among type 2 diabetic patients in North Shewa Zone public hospitals, Ethiopia, 2023 (n =600).


[image: Table showing variables associated with adherence to self-care practices. Variables include age, gender, residence, education, occupation, healthcare service availability, duration of Type 2 diabetes diagnosis, and diabetes-related complications. The table provides counts and percentages for good and poor adherence, along with crude odds ratios (COR), adjusted odds ratios (AOR), confidence intervals, and p-values for each variable. Significant p-values are highlighted, with the lowest being 0.000 for education level and healthcare availability, indicating potential important factors.]




Theme 7: Financial affordability

Most study participants felt that living with DM was very expensive, which required them to make adjustments in many things. They recognized diet as a vital component of self-care practice for people living with diabetes. Affordability of healthy food is a commonly mentioned barrier to accepting a recommended diet strategy. In this study, respondents could not afford to buy appropriate and recommended food since most of them were unemployed.


“…I really try to take care of myself in every way, but it’s hard to keep up with this current living condition….” (35-year-old male respondent).









Discussion

The magnitude of overall good adherence to diabetes self-care practice was 262 (43.7%) with (95% CI: 40–47.8%) among type 2 DM diabetic patients in North Shewa Zone public hospitals. This study was consistent with the study conducted in Debre Berhan Referral Hospital in Northeast Ethiopia (44.7%) (15), Debre Markos (48.5%) (8), Hawassa University Comprehensive Specialized Hospital (47.8%) (9), Hossana, southern Ethiopia (43.1% hyperglycemia) (2, 3), and the Philippines (43.7%) (17).

However, the finding of this study was greater than the study conducted in Arba Minch General Hospital, Southern Ethiopia (41.2%) (18), and Tigray Region, Ethiopia (37.3%) (19).

This discrepancy may be due to some enhancements in the healthcare services related to the period gap.

On the contrary, the finding of this study was lower than the study conducted in Dessie Referral Hospital, northeastern Ethiopia (55.3%) (16); Dire Dawa (55.9%) (20); Eastern Ethiopia Harer (53.2%) (21); Hadiya Zone (52.3%); Dilla University, South Ethiopia (76.7%) (22); Gamo Gofa Zone Public Hospital (53.7%) (6); and Morocco (66.6%) (3, 23). Of the study participants, 50.3% had good self-care practices.

This variation could be due to sociocultural differences, different study periods, and a study area that means that the North Shewa Zone is a very wide area and the population lives in rural areas more scattered than other cities; it might be a reason for health service utilization, the educational status of the respondent, and the current economic crisis, which can be some of the major justifications for the lower result of good adherence to diabetic self-care practice.

This study revealed that those who lived in urban areas were 5.4 times more likely to have good diabetic self-care practice than those rural residents. This is consistent with a study conducted in Debre Markos (8) and Gamo Gofa Zone public hospital (6).

In the present study, the respondents who had a high school level were 2.9 times more likely to be engaged in good self-care practice, and those who had college and above were five times more likely to have good self-care practice when compared with respondents who had no formal education. This finding was congruent with the studies conducted in Dire Dawa (20), Addis Ababa (11), and Ghana (24). This indicates that education is the base for a diabetic patient to understand the disease process and to provide their own self-care practice because they may be able to read and become well-informed of the benefits of adherence.

Based on the study, unemployed people were less likely by 66% to have good self-care practices than employed people; this finding was in line with the study conducted in Addis Abeba (11) in Debre Markos (8), and the study conducted in Tigray region, Ethiopia (19). Respondents who had no availability of healthcare services at any time were 81% less likely to adhere to diabetic self-care practices than those who had availability of healthcare services at any time. This finding was congruent with a study conducted in a Kenya referral hospital (25).

A complete self-care practice among type 2 diabetic patients was uncommon. Most of the respondents entirely depended on their medications, feeding habits, and measuring blood glucose levels to manage their illnesses and its complications and tended to undermine the importance of the other elements of self-care either due to lack of education, financial affordability, limited awareness, and negligence toward adherence to diabetic self-care practice, accessibility, or lack of social support.

In this study, financial affordability was the major barrier to good adherence to diabetic self-care practice elements. This finding was in line with the study conducted in Addis Ababa, Ethiopia (26). Similarly, the study done in Tigray, Ethiopia, indicated that the too restrictive nature of diet recommendations and financial problems had a negative influence on their adherence to self-care behaviors (27).

The findings from the study revealed that the majority of the respondents had a lack of education, limited awareness, and negligence toward adherence to diabetic self-care practices; some of the negligent respondents had gotten access, but they should not give attention to themselves toward self-care practices. This finding was congruent with the studies conducted in Addis Ababa, which revealed that some of the participants also reported that adhering strictly to diabetes dietary recommendations is boring and practically impossible (26) and that education from physicians is one of the most important determinants for change in self-care practices (4).

On the other hand, this study explored patient compliance; the respondents feel hopelessness due to the disease being incurable, and they preferred alcohol to the recommended drug, and some of them faced loss of social support. This finding is in line with the study conducted in Ghana. Most patients reported that these family members assisted with a wide range of management strategies, such as adjusting to new diet regimes and roles dictated by the patient and assisting with the preparation of recommended diet (28). A similar study in Pakistan found that getting support from family members is one of the important determinants of compliance with medication-taking behavior (4).

In case of diabetic-related complications, these study participants were disturbed to perform daily activities, unable to do their business, and faced an economic crisis. This finding was in line with the study conducted in Dessie Referral Hospital that low-risk perception of complications among DM patients may make them reluctant to practice recommended self-care (16). A study conducted in Singapore showed that participants expressed an awareness of risking diabetes-related complications due to poorly controlled diabetes (29).





Limitations of the study

Self-care practices are determined based on the respondents’ self-reported values; performance of these activities was not observed and could not be confirmed. Interviewer bias and social participants may provide socially desirable answers about their adherence to self-care management, especially when discussing sensitive topics such as medication adherence or diet, which can skew the results, which were another limitation for this study.





Conclusion and recommendation

This study indicated that adherence of patients with type 2 diabetes to the recommended self-care practices was considerably poor. Different factors, including the respondents who have a high school level or higher levels of education, people with type 2 diabetes who lived in urban areas, the respondents who were unemployed, and people with type 2 diabetes who had no availability of healthcare services at any time, had statistically significant associations with adherence to diabetic self-care practice according to the quantitative study. The findings suggest that sociodemographic factors such as age, education level, and economic status play a significant role in influencing self-care behaviors. Older patients, those with higher education levels, and those with better financial stability tend to show better adherence to prescribed self-care routines, including medication and diet. On the other hand, patients from lower socioeconomic backgrounds face challenges in accessing medication, attending regular medical appointments, and acquiring the necessary resources for maintaining a healthy lifestyle. This was supported by the results from the qualitative part and thus the endorsement to strengthen diabetes health education to patients and their relatives.

	✔ We recommend that policymakers should have to develop health information dissemination programs and strategies to improve the awareness of diabetic patients about the importance of diabetic self-care practices.

	✔ Regional Health Bureau and Zonal Health Department with North Shewa Zone public hospitals diabetic clinic coordinators should give greater emphasis toward accessibility of nearby health facilities around the rural area as much as possible. Healthcare professionals should counsel and educate DM patients during follow-up and need to spend more time alerting patients about diabetic self-care.

	✔ Providing short-term training for healthcare providers in hospitals to improve patient education on diabetes management.

	✔ Medium-term: development of community-based educational programs that involve family support.

	✔ Long-term: integration of diabetes adherence programs into Ethiopia’s primary healthcare system.

	✔ Other researchers are better to explore unanswered issues toward factors affecting adherence to diabetic self-care management.
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A study on predicting impaired fasting glucose risk in Chinese adults based on individual characteristics
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Introduction: This study aimed to develop a nomogram for early detection of impaired fasting glucose (IFG), predicting the 5-year risk in Chinese adults due to its link to various diseases.
Materials and methods: This retrospective cohort study included 28,875 participants without IFG at baseline, randomly divided them to a training set and a validation set. We developed four predictive models—LASSO, full, stepwise, and MFP—ultimately selecting the LASSO model for nomogram development due to its simplicity and predictive performance. Four prediction model performance was assessed through ROC analysis, calibration curves, and decision curve analysis, with external validation using Shunde Hospital (n = 18,618) and NHANES (n = 2,038) dataset.
Results: We developed a nomogram to predict the risk of IFG by incorporating parameters including age, body mass index (BMI), systolic blood pressure (SBP), fasting plasma glucose (FPG), and triglycerides (TG), which demonstrated performance with AUCs of 0.8167 and 0.8155 in the training and validation set, respectively. External validation achieved AUC 0.9665 (Shunde Hospital dataset) and 0.9171 (NHANES).
Conclusions: Our nomogram provides a personalized, validated approach for assessing 5-year IFG risk in Chinese adults, offering a practical screening tool for primary healthcare and resource-constrained environments.
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Introduction

Diabetes has become one of the most serious public health challenges in the world, and its incidence and prevalence continue to rise globally (1). In 2024, ~589 million adults aged 20–79 worldwide are suffering from diabetes globally, representing 11.1% of this age group; this figure is expected to rise to 853 million by 2050, accounting for 13.0% (2). According to data from the 11th edition of the International Diabetes Alliance (IDF) Diabetes Atlas, although the prevalence of diabetes in China is very high, there are indeed a large number of undiagnosed cases, and the undiagnosed rate of diabetes is as high as 49.7% (2). The American Diabetes Association (ADA) acknowledged impaired fasting glucose (IFG) as an indicator of prediabetes as early as 1997 (3). The incidence of IFG globally was 5.8% in 2021, accounting for 298 million individuals. It is anticipated that this figure will increase to 6.5%, representing 414 million individuals, by the year 2045 (4). Often without noticeable symptoms, IFG serves as a sign of a hidden and potentially dangerous early stage of abnormal glucose metabolism (5). Consequently, IFG may be easily disregarded, yet it is intricately associated with type 2 diabetes mellitus (4) and cardiovascular diseases (CVD) (6), as well as cardiometabolic multimorbidity (7), heart failure (8), chronic kidney disease (9), and cerebral hemorrhage (10).

In recent years, many risk prediction models for diabetes have been developed (11–13). The Finnish Diabetes Risk Score (14) (FINDRISC) and the ADA risk assessment tools (15) are two widely used diabetes risk prediction models. While FINDRISC is mainly designed for European populations without verified applicability to the Chinese population, the ADA risk tool emphasizes diabetes risk but does not offer a specific approach for predicting IFG. Few studies have specifically focused on modeling the risk of IFG, and most existing research primarily explores its risk factors through cross-sectional analysis (16). Therefore, it is crucial to develop reliable risk assessment models that enable individuals to assess their risk of impaired fasting glucose, especially given the lack of such models for the adult population across multiple centers in China. Our study is currently underway to create and validate personalized nomograms for predicting IFG in a diverse cohort of Chinese adults across 32 sites and 11 cities. The goal of this research is to provide clinical professionals with a reliable tool for accurately identifying individuals at risk and conducting timely screenings. The model is designed to be cost-effective and easily accessible for widespread use.



Materials and methods


Study design and participants

Based on the data from the China Rich Healthcare Group's database, this retrospective cohort study was conducted with a 5-year follow-up period focusing on IFG as the dependent variable (17). IFG was categorized into two groups: non-IFG and IFG. The data utilized in this study was obtained from the publicly accessible, non-profit database DATADRYAD (http://www.DatadRyad.org) established by the Rich Healthcare Group. The data, sourced from Chen et al. (17), is publicly available and originates from the study “Association of body mass index and age with incident diabetes in Chinese adults: a population-based cohort study.” It can be accessed in the Dryad Digital Repository at http://dx.doi.org/10.1136/bmjopen-2018-021768. A total of 685,277 participants aged 20 and above who underwent at least two standard health examinations between 2010 and 2016 were included in the initial study. In the baseline study, demographic and clinical variables including age, gender, smoking status, alcohol consumption, family history of diabetes, body mass index (BMI), systolic and diastolic blood pressures (SBP and DBP), fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), low-density and high-density lipoprotein cholesterol (LDL-C and HDL-C), serum urea nitrogen (BUN), serum creatinine (Scr), alanine aminotransferase (ALT), years of follow-up, and censor of IFG at follow-up were collected. The initial study employed the following criteria to exclude participants: (1) absence of weight, height, and gender data; (2) BMI falling outside the range of 15–55 kg/m2; (3) visit intervals shorter than 2 years; (4) lack of FPG levels; and (5) presence of diabetes or indeterminate diabetes status. The final sample size comprised 211,833 participants. Furthermore, individuals without baseline data essential for assessing the risk of developing IFG were also excluded. The participant selection process is depicted in Figure 1. Our analysis included a total of 28,875 subjects. The data collected is anonymous, and the Rich Healthcare Group Review Board waived the need for informed consent due to the observational design of the study.


[image: Flowchart outlining the study's participant selection process. Initially, 685,277 participants were identified, with 473,444 excluded based on criteria such as age, BMI, glucose data, and diabetes diagnosis. From this, 211,833 were included in the original study. Further exclusions for variables like blood pressure and drinking status reduced the number to 28,875. Finally, participants were split into a training set of 14,413 and a validation set of 14,462.]
FIGURE 1
 Flowchart of study participants.




Variable measurement

At the health check center, every participant completed an individual questionnaire inquiring about demographics, lifestyle, medical history, and family history of chronic diseases. An experienced staff member conducted the initial examination, which involved anthropometric measurements and laboratory biochemical testing. Participants were weighed and measured with a precision of 0.1 kg without wearing shoes. Blood pressure was measured using a standard mercury sphygmomanometer, and BMI was calculated by dividing weight by height squared. During the study, fasting venous blood samples were obtained from participants after a minimum fasting period of 10 h. Plasma glucose levels were measured using glucose oxidase, and a Beckman 5800 autoanalyzer was employed to evaluate FPG, TC, TG, LDL-C, HDL-C, BUN, Scr, and ALT. Standardized conditions and consistent procedures were maintained throughout the data collection process, with laboratory methods rigorously standardized through extensive quality checks at both internal and external levels.



Definition of outcome

According to the Chinese Type II Diabetes Prevention and Control Guidelines (2017 Edition), FBG between 6.1 and 6.9 mmol/L was consider as IFG (18). Patients were censored either at the time of the diagnosis or at the last visit, whichever comes first.



Statistical analysis

The training and validation sets were randomly allocated to all eligible participants. Through collinearity screening, variables displaying significant interference were excluded. The variance inflation factor (VIF) was calculated for each variable, and those with a VIF >5 were removed to address severe multicollinearity (19), which can significantly decrease the model's statistical stability and predictive accuracy (Supplementary Table S2).

Normally distributed continuous variables were reported as means and standard deviations, skewed variables as medians, and categorical variables as frequencies or percentages. The study utilized student t-tests to assess disparities between the training and validation sets for normally distributed continuous variables, Wilcoxon rank-sum tests for non-normally distributed continuous variables, and chi-square tests for categorical variables. Standardized differences of < 0.10 for a given covariate indicate a relatively small imbalance (20). Logit regression models were employed to ascertain the significance of each variable in identifying independent risk factors associated with IFG.

This study compared four distinct risk prediction models with the aim of developing a straightforward and dependable model for risk prediction. Initially, a comprehensive model incorporating all available risk factors (full model) was constructed, followed by a bidirectional stepwise selection process guided by the Akaike information criterion to streamline the model (stepwise model). Subsequently, the multivariable fractional polynomials algorithm was employed to identify crucial variables through a backward elimination process, culminating in a highly practical model (MFP model). Finally, the model underwent initial variable screening utilizing the Least Absolute Shrinkage and Selection Operator, a method known for its ability to streamline high-dimensional data and identify key predictors (21).

LASSO was chosen for its reduced number of variables and robust predictive capabilities during our comprehensive analysis (22), offering clinical interpretability and practical value compared to more complex models by significantly simplifying model complexity. ROC curves were generated, and the AUC along with 95% CI were calculated for both the training and validation datasets. The LASSO method was utilized to construct a nomogram that converts the regression coefficients obtained from a multivariate logistic regression analysis into a scoring system ranging (23). The variable with the largest absolute β coefficient was allocated 100 points. Subsequently, the cumulative points for all independent variables were computed and transformed into predicted probabilities of developing IFG. Each patient's nomogram score denoted their position within the predictive model, which was then juxtaposed with the observed 5-year incidence of IFG risk deciles in the training dataset.

To evaluate the agreement between the predicted and the actual 5-year risk of incident IFG, the Hosmer–Lemeshow test was used across deciles of predicted risk. The calibration of the model was further examined using a calibration plot. To address potential overfitting and assess model stability, 500 bootstrap resamples were applied to derive bias-corrected AUC estimates and enhance the credibility of the nomogram. To further evaluate the clinical utility of the LASSO regression model, we performed decision curve analysis (DCA) in the training sets. Standardized net benefit was plotted against high-risk thresholds to assess and visualize the added value of the LASSO nomogram in predicting 5-year IFG risk.

External validation was performed using two independent cohorts: (1) 18,618 individuals from routine health examinations at the Health Management Department of Shunde Hospital, Southern Medical University (January 2021–September 2022), and (2) 2,038 participants from NHANES 2017–2018. For both datasets, individuals with IFG at baseline were excluded. Missing values were imputed using the “mice” package in R.

All statistical analyses were performed using R software, version 4.3 (The R Foundation for Statistical Computing, http://www.R-project.org/). All tests were two-tailed, and a P-value of < 0.05 was considered statistically significant.




Results


Baseline characteristics of study participants

A total of 28,875 qualified participants were included in this study, with men comprising 64.27% and women 35.73%. The average age was 42.54 ± 12.37 years. During a median follow-up period of 2.96 years (range: 2.001–4.999 years), 948 participants were diagnosed with IFG. The average BMI was 23.44 ± 3.26 kg/m2; the mean SBP and DBP were 119.26 ± 15.57 and 74.64 ± 10.41 mmHg, respectively. The mean FPG level was 4.91 ± 0.54 mmol/L, with HDL-C and LDL-C averaging 1.34 ± 0.30 and 2.74 ± 0.68 mmol/L. Baseline levels of BUN and Scr were 4.68 ± 1.15 mmol/L and 72.14 ± 15.19 μmol/L, respectively. The mean follow-up duration was 2.99 ± 0.85 years. We summarize the demographic, clinical, and anthropometric characteristics of participants, showing no significant differences between the training set (n = 14,413) and validation set (n = 14,462) at baseline (all P > 0.05; Table 1). We also categorized participants based on IFG status (Supplementary Table S1).


TABLE 1 Baseline characteristics of the training and validation sets.

[image: Table showing characteristics of participants divided into training and validation sets. Includes data on age, gender, BMI, blood pressure, cholesterol levels, and other health indicators. Participants are divided into current and non-smokers, drinkers, and those with or without a family history of diabetes. Statistical differences are noted with P-values. The total number of participants is 28,875.]



Identification of independent risk factors for IFG

Univariate and multivariate logistic regression analyses were conducted to identify risk factors for incident IFG. In univariate analysis, all examined variables were significant predictors of IFG (all P < 0.05). After adjustment in the multivariate model, age (OR = 1.03), BMI (OR = 1.08), SBP (OR = 1.00), DBP (OR = 1.01), FPG (OR = 5.85), TG (OR = 1.21), HDL-C (OR = 0.67), ALT (OR = 1.00), Scr (OR = 0.98), and a family history of diabetes (OR = 1.78) remained significantly associated with the risk of IFG (all P < 0.05). In contrast, gender, LDL-C, BUN, smoking status, and alcohol consumption were not significantly associated with IFG (all P > 0.05; Table 2).


TABLE 2 Risk predictors for incident diabetes in the univariate and multivariate analysis.

[image: Table showing odds ratios, confidence intervals, and p-values for various health-related variables. Age, BMI, blood pressures, and fasting plasma glucose have significant associations in both univariate and multivariate analyses. Gender, smoking, and drinking status show varied significance. Variables like HDL-C and LDL-C present different impacts between analyses. Family history shows a significant association with health outcomes. Key terms include OR, CI, BMI, SBP, DBP, FPG, TG, HDL-C, LDL-C, ALT, BUN, and Scr, explaining health metrics and statistical relevance.]



Development and validation of IFG risk prediction models

We constructed four risk prediction models—the full model, stepwise model, MFP model, and LASSO model (Supplementary Figure S1). Given its simplicity and robust predictive performance, the LASSO model was selected for nomogram development, identifying five key predictors: age, BMI, SBP, FPG, and TG (Figure 2). The 5-year IFG risk can be estimated using the following formula: −17.71490 + 0.03257 × age (years) + 0.09353 × BMI (kg/m2) + 0.01376 × SBP (mmHg) + 1.6520 × FPG (mmol/L) + 0.18660 × TG (mmol/L). The predictive performance details are presented in Table 3, with the LASSO model demonstrating comparable accuracy to other models.


[image: Chart illustrating risk calculation for incident Impaired Fasting Glucose (IFG) based on multiple health factors. Axes represent points, age, BMI, SBP, FPG, and TG levels, with corresponding scales. Points conversion to total points and risk levels is shown.]
FIGURE 2
 Nomogram to predict the risk of IFG for Chinese adults. The patient's score for each risk predictor is plotted on the appropriate scale. The patient's score for each risk predictor is plotted on the appropriate scale and vertical lines are drawn from that value to the top Points scale to obtain the corresponding scores. All scores are summed to obtain the total points score. The total points score is plotted on the bottom Total Points scale. The corresponding value shows the predicted probability of incident IFG.



TABLE 3 Prediction performance of LASSO, MFP, full and stepwise model for the risk of diabetes.

[image: Comparison table showing performance metrics for LASSO, Full, Stepwise, and MFP models during training and validation. Metrics include AUC, confidence intervals, best threshold, specificity, sensitivity, accuracy, positive and negative predictive values, positive and negative likelihood ratios, and diagnostic odds ratio. LASSO and Full models exhibit higher specificity and sensitivity during training and validation.]



Prediction performance and clinical utility of the LASSO model

The AUC values of the LASSO model for the training and validation sets were 0.8167 and 0.8155, respectively (Table 3). Additionally, bootstrap validation demonstrated consistent AUC values for the prediction nomogram. The predictive performance of the full, stepwise, and MFP models is also presented in Table 3 and Supplementary Figure S2. Calibration of the LASSO model was assessed using both a calibration plot (Figure 3) and the Hosmer–Lemeshow test. The calibration plot showed that the predicted probabilities closely matched the actual incidence of IFG in the training set, indicating good overall calibration. In addition, the Hosmer–Lemeshow test assessed the agreement between predicted and observed risks across deciles of predicted risk, demonstrating no statistically significant difference (P > 0.05), which further supports the reliable calibration of the nomogram (Supplementary Figure S3).


[image: Calibration plot showing predicted probability on the x-axis against actual probability on the y-axis, with a diagonal reference line indicating perfect calibration. Statistics displayed include Dxy, C (ROC), R2, and others. Horizontal lines and curves depict model performance metrics.]
FIGURE 3
 Calibration plot for LASSO regression model in predicting IFG.


We conducted decision curve analysis (DCA) to evaluate the clinical utility of the LASSO model (Figure 4). The DCA results demonstrated that across a range of high-risk thresholds (0.0–1.0), the standardized net benefit curve of the LASSO model consistently exceeded the baseline strategies of “no treatment line” (black line) and “all treatment line” (light gray line). This indicates that clinicians would achieve clinical benefit when using the LASSO model for decision-making within the risk prediction threshold range. The area between the model curve and the two baseline lines represents the clinical utility of the model, with greater distance between the model curve and baseline lines indicating higher clinical value of the nomogram. Furthermore, Supplementary Figure S4 provided a comparative analysis of decision curves for four models (full model, stepwise model, MFP model, and LASSO model) in both training and validation cohorts. The results indicated that despite using the fewest predictors, the LASSO model demonstrated clinical utility comparable to more complex models. This further confirms the rationale for selecting the LASSO model to develop the final risk prediction nomogram, which achieves maximum clinical utility and simplicity while maintaining high predictive performance.


[image: Line graph showing standardized net benefit versus high risk threshold. The red line represents the lasso model, demonstrating net benefit primarily at lower thresholds. Gray lines represent "All" and "None" comparison models.]
FIGURE 4
 The decision curve analysis of the LASSO model for 5-year IFG risk in the training cohort. The black line represents the net benefit when none of the participants are considered to develop IFG, while the light gray line represents the net benefit when all participants are considered to develop IFG. The area between the “no treatment line” (black line) and “all treatment line” (light gray line) in the model curve indicates the clinical utility of the model. The farther the model curve is from the black and light gray lines, the better the clinical use of the nomogram.




External validation

External validation was performed using two independent datasets. The first cohort included 18,618 participants from the Health Management Department of Shunde Hospital, Southern Medical University. The second cohort comprised 2,038 participants from the NHANES 2017–2018 survey. The AUC values for external validation were 0.9665 for the Shunde Hospital cohort and 0.9171 for the NHANES cohort (Supplementary Tables S3, S4). At the optimal threshold, the Shunde Hospital cohort showed a specificity of 88.83% and a sensitivity of 93.66%, while the NHANES cohort demonstrated a specificity of 81.48% and a sensitivity of 86.51%, indicating excellent predictive performance of the nomogram in both external populations.



Sensitivity analysis

For the sensitivity analysis, individuals with IFG at baseline were first excluded from the overall population in the original study, resulting in 202,402 participants included for analysis. Multiple imputations were then performed for the remaining population with missing data on relevant variables. The LASSO model was applied to this imputed cohort, achieving an AUC of 0.8308. At the optimal threshold, the specificity and sensitivity were 73.76 and 78.14%, respectively (Supplementary Table S4).




Discussion

This retrospective cohort study developed and validated a personalized nomogram for predicting 5-year IFG risk in Chinese adults using five readily available clinical parameters (age, BMI, SBP, FPG, and TG). The LASSO regression model demonstrated predictive performance through internal validation and was tested in the external validation dataset. Decision curve analysis evaluated the model's clinical applicability at different risk thresholds, providing clinicians with a potential risk assessment tool.

Numerous studies have indicated that IFG plays a significant role as a transitional phase between normal health and the onset of DM. IFG is an independent risk factor for the development of DM (24). Effective prevention and management of DM have been shown to hinge upon the reduction of IFG rates (25). Early identification and intervention for DM have also proven to be effective strategies in the management of the disease. Compared to the clinical and laboratory parameter nomogram model developed by Wang et al. (16) based on over 4,000 individuals, our model differs in terms of the number of predictive factors and model complexity. The model includes six predictive factors: age, systolic blood pressure, BMI, albumin, urea, and triglycerides. Its AUC values are 0.783 for the training set and 0.7891 for the validation set. Our model demonstrates certain potential for clinical application in predictive performance. Compared to another IFG prediction model developed using the extreme gradient boosting (XGBoost) algorithm (26), our study explores a different approach to model interpretability. This model achieved an AUC value of 0.7391 in the validation set and included key predictive factors such as SBP, waist circumference, fatty liver, and serum creatinine. While machine learning algorithms like XGBoost offer powerful predictive capabilities, they often present challenges in clinical interpretation due to their complex underlying mechanisms. Our nomogram addresses this challenge by providing a visually intuitive representation that facilitates understanding for both healthcare professionals and patients. Our study employed both internal and external validation to thoroughly assess its generalizability, drawing parallels with Byeon's model (27), which achieved an AUC of 0.751 in predicting IFG risk among non-diabetic individuals in South Korea. To further evaluate the clinical applicability of our model, we conducted DCA across a wide range of risk thresholds. While many existing models have not extensively explored this analytical approach, our research aimed to provide a more nuanced understanding of the model's practical utility.

The IFG predictive nomogram model developed in this research demonstrates good clinical practicality, particularly in primary healthcare and resource-limited settings. The model relies solely on five routine clinical parameters, requiring no additional complex tests, a characteristic that enables its flexible application across different medical resource environments. In primary healthcare and community health service centers, this model can serve as a supplementary tool to routine physical examinations, enabling large-scale screening and the timely identification of individuals at high risk for IFG. It is especially practical in resource-limited rural areas, where risk assessment can be completed using only basic diagnostic equipment. In urban general hospitals, the model can be integrated into the routine assessment processes of health management centers and embedded within electronic health record systems to achieve automated risk evaluation, providing a basis for physicians to develop personalized health management plans. In the field of public health, this model can be used for population-level monitoring of IFG risk, offering scientific evidence for policy-making. With its characteristics of simplicity, cost-effectiveness, and ease of operation, this model is expected to become an effective tool for early identification and intervention of prediabetes in primary healthcare institutions.

Within the model, five specific risk factors were identified as significantly correlated with IFG, a finding consistent with prior research demonstrating these factors as key determinants of IFG (28, 29). A s individuals age, the risk of developing diabetes increases due to age-related changes in pancreatic β cells, including reduced glucose sensitivity and insulin secretion. This age-related glucose intolerance is often associated with insulin resistance and β-cell dysfunction (30). Additionally, aging human pancreatic islets may experience a decrease in mitochondrial DNA copy number, further impairing insulin secretion (31). Obesity is known to substantially elevate the likelihood of developing a range of metabolic disorders, particularly affecting the function of pancreatic β-cells by promoting excessive fat deposition in the liver and pancreas. Research has demonstrated a correlation between obesity and heightened levels of pancreatic fat accumulation (32). Additionally, regarding blood pressure, in the study by Sasaki et al. (33), it is established that the rate of hypertension significantly increases from normal fasting glucose to isolated IFG, indicative of a direct association between IFG and elevated hypertension risk. Our nomogram indicates that individuals with elevated FPG levels exhibit a greater propensity for IFG, with FPG emerging as a distinct risk factor in this context. This relationship is likely attributable to FPG's substantial impact on insulin responsiveness and sensitivity (34). Triglycerides play a crucial role in lipid storage and metabolic regulation within adipose tissue (35). The presence of excessive adipose tissue can significantly worsen insulin resistance by generating proinflammatory cytokines and lipid metabolites that induce insulin resistance (36). This highlights the complex interplay between adiposity, inflammation, and metabolic dysfunction, ultimately contributing to the development of IFG. As such, the inclusion of the five risk predictors in our models is justified.


Strengths and limitations of this study

The strengths of our study include a large sample size derived from a diverse participant pool across multiple centers, the selection of the LASSO model for its simplicity and predictive performance in developing four predictive models for clinical feasibility, the ability for clinicians to efficiently assess an individual's risk of impaired fasting glucose using a formula for risk prediction, the verification of findings through internal and external validations, and the mitigation of selection and information biases through a retrospective cohort design.

Several limitations should be acknowledged in our study. First, this research is primarily a secondary retrospective analysis, with inherent constraints in the original dataset. The data lacks comprehensive information on variables such as waist-to-hip ratio, detailed medical history, and comprehensive lifestyle factors—all of which could potentially influence IFG development. Second, although methodologically sound, our utilization of multiple imputation techniques to address missing data may potentially introduce bias into the analysis, thereby affecting the precision of our estimates. Additionally, this study used data from a cohort study conducted during 2010–2016, and we acknowledge that these relatively older data may impose certain limitations, potentially not fully reflecting current trends in the non-communicable disease burden among the Chinese population. Given the limitations of current research, future studies should prioritize comprehensive prospective research, improved baseline measurements, and the integration of lifestyle and genetic factor assessments to enhance the accuracy and generalizability of models for predicting the risk of IFG.




Conclusion

A personalized prediction nomogram was developed and validated to assess the 5-year risk of developing IFG among Chinese adults based on age, BMI, SBP, FPG, and TG levels. The nomogram exhibited excellent predictive accuracy during both training and validation phases, indicating its potential for generalizability. This tool aids clinicians in identifying individuals at high risk for IFG through a straightforward and dependable approach.
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Background: During the COVID-19 pandemic, chronic disease management programs (CDMP) for Dutch type 2 diabetes patients by general practitioners (GP) were scaled down. These programs aim to improve diabetes prognosis through appropriate interventions and avoid hospital treatment. However, it remains unknown whether downsizing CDMP increased care in other settings. Therefore, we examined the changes in healthcare utilization for type 2 diabetes patients during the COVID-19 pandemic including CDMP, GP out-of-hours care, hospital care, and regular GP care.
Methods: Routine healthcare data from electronic patient records of GPs, participating in Nivel Primary Care Database, of 15,247 Dutch type 2 diabetes patients enrolled in CDMP, were linked to GP out-of-hours registration data and hospital claims data. Regression analyses compared healthcare utilization in 2020 and 2021 (pandemic) to 2019 (non-pandemic).
Results: For most quarters of 2020 and 2021, care through CDMP was significantly lower, down to 38% in Q2 of 2020 compared to 2019. In Q1 of 2020, type 2 diabetes patient visits to out-of-hours GP services rose notably, but decreased in Q1 of 2021, compared to 2019. Hospital care for diabetes showed a significant increase in Q2 of 2021 (+11.3%), compared to Q2 2019 and regular GP care increased from Q1 2021 (up to +11.1% in Q3 2021). Although no significant differences were observed in other quarters, there were different trends visible. Reduced CDMP contacts in 2020 were significantly associated with increased regular GP care in 2021. Moreover, reduced CDMP in early 2021 was significantly associated with more regular GP care and hospital care later in 2021.
Conclusion: Downscaling CDMP care for type 2 diabetes patients during the COVID-19 pandemic was associated with temporary increases in hospital care for diabetes and regular GP care at various times during the pandemic. These findings may contribute to making informed decisions regarding measures during future pandemics, and, therefore, the pandemic provided a unique learning opportunity for the healthcare system in delivering appropriate care through CDMP. In future pandemics, it will be essential to implement adaptations such as telemedicine to mitigate health deterioration and alleviate pressure on other healthcare services.
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1 Introduction

The COVID-19 pandemic has had a massive impact on public health, as evidenced by the number of reported COVID-19 cases and deaths (1). Consequently care, including chronic disease management programs (CDMP) at general practitioners (GPs), was downscaled, both by GPs to prevent the spread of the virus and by patients out of fear of contracting COVID-19 (2, 3). This may have had major consequences for individuals with chronic conditions such as diabetes mellitus.

By 2021, 1.1 million people in the Netherlands suffered from diabetes (4), ranking third in terms of disease burden (DALY) (5). In the Netherlands, GPs act as the first health contact and gatekeepers to specialized hospital care (6). They also play a central role in CDMP, alongside practice nurses who address relatively more non-complex somatic and mental health problems (7). Approximately 500,000 type 2 diabetes patients participate in CDMP, offered by their GP, practice nurse, dietitian, and other paramedics where disease burden is assessed, medication, and lifestyle are discussed, self-management is encouraged and any indication for referral to other healthcare providers is assessed (8, 9). These regular check-ups are intended for early detection, to reduce symptoms and prevent worsening of the disease, as long-term uncontrolled type 2 diabetes, for example, can lead to permanent vascular damage, diabetic retinopathy or diabetic neuropathy (9). Patients are included in a CDMP if diagnosed with type 2 diabetes mellitus and aged 18 years or older (10). Patient's willingness and motivation to participate are also assessed beforehand (10). Pregnant women and women planning a pregnancy, women with gestational diabetes, individuals with diabetes in remission without glucose-lowering medication, patients with type 1 diabetes or those already participating in a care program for frail elderly are not eligible for CDMP (10). The costs of CDMP are fully covered by the health insurance company and is not subject to the patient's deductible. All Dutch citizens are required to have basic health insurance, which includes coverage for general practice care (6). In addition, CDMP is part of bundled payment, meaning that individual consultations provided as part of CDMP cannot be claimed separately.

During the pandemic, type 2 diabetes patients were affected by both the downscaling of care through CDMP and social constraints. The scaling down of CDMP, such as reduced self-management support and education for type 2 diabetes patients by healthcare providers (11), as well as becoming ill due to COVID-19, can worsen outcomes for type 2 diabetes patients, e.g., glucose variability, hospitalization or death (12, 13). Moreover, social constraints during the COVID-19 pandemic can lead to psychological problems, including anger, confusion, and Post Traumatic Stress Disorder (PTSD)-like symptoms (14), which affect disease symptoms as eating habits change, physical activity decreases, and medication adherence decreases (12, 15). Both the downscaling of care through CDMP and social constraints may, in turn, have led to worsening and deterioration of their disease and increased need and care utilization, requiring (unplanned) care from other healthcare professionals, such as GP out-of-hours services, emergency departments, or hospitals (16, 17). CDMPs also act as a safety net for individuals by addressing changes in eating habits, decreased physical activity, and medication adherence. When this care is no longer available, there is an increased risk that these individuals will become destabilized, leading to a greater need for care from other healthcare professionals (17). This is all the more true because social constraints during the pandemic limited the support of patients' social networks. Such shifts in healthcare utilization offer insight into the consequences of scaling down CDMP for type 2 diabetes patients within GP care, making the pandemic a unique learning opportunity for providing appropriate care.

Therefore, this study aimed to provide insight into the changes in contact rates for type 2 diabetes patients in 2020 and 2021 compared to 2019 with regard to (1) CDMP consultations with GPs, (2) care through out-of-hours GP services, (3) hospital care for diabetes, and (4) regular care by GP practices. Analyzing the impact on healthcare utilization after scaling down CDPM could provide valuable insights into the post-pandemic effectiveness of these programs, especially considering the current challenges facing GP care, such as increased demand for care due to an aging population, task shifting to GPs, and staff shortages (7, 18, 19).



2 Materials and methods


2.1 Study design and data sources

For this retrospective observational study, we used existing data. These data were derived from the Nivel Primary Care Database (Nivel-PCD), which contains deidentified data from electronic health records (EHR) from GP practices (~500, representing 10% of the Dutch population) and out-of-hours (OOH) GP services (60% of services, representing a joint catchment area of almost 12.3 million people from the Netherlands) (20, 21). Both data sources include the number of contacts, types of contact, health problems presented during these contacts entered with International Classification of Primary Care 1 (ICPC-1) and the insurance claims associated with these. Data from GP practices also include results of diagnostic tests requested by GPs. Data from Nivel-PCD were linked at patient level to Microdata from Statistics Netherlands (CBS), an organization tasked with collecting, processing and publishing statistics for the benefit of practice, policy and science. The pseudonymized CBS Microdata contains data on the Dutch population, health and wellbeing, income and also include medical specialist claims data (obtained via Vektis). This study follows the STROBE statement (22).



2.2 Patient selection

We used data from patients (a) aged 18 years and older, (b) with an active diagnosis of diabetes recorded in 2019 or before, (c) registered in a GP practice participating in Nivel-PCD, (d) residing in the catchment area of an OOH GP service that also participated in Nivel-PCD, (e) for three consecutive years (2019–2021) and (f) enrolled in CDMP for type 2 diabetes. Care contacts through CDMP cannot be inferred from the claims dataset, as such care contacts cannot be claimed. Relying solely on the claim for “enrollment in the CDMP” does not provide confirmation that individuals received care. For the purposes of this analysis, it was essential to ensure that patients had received care in 2019. Therefore, we selected patients using the following criteria:

	1. Recording in the EHR for diabetes, using ICPC1-code: T90 (23).
	2. At least one recorded outcome from (diagnostic) testing that is part of the CDMP, such as glucose levels or blood pressure.

Exclusion: a declared GP consultation for diabetes to a health insurer. CDMP is part of bundled payment and therefore individual consultations as part of CDMP are not allowed as individual claims. These are considered regular GP consultation, not part of the CDMP.



2.3 Variables

The primary outcomes of this study were the changes in contact rates in CDMP, hospital care for diabetes, care at OOH GP services and regular GP care for both diabetes and other diseases, expressed as percentage change, as the number of contacts per 1,000 patients or as difference scores. CDMP contact rates were determined based on the two criteria mentioned in section “patient selection.” Hospital care for diabetes was based on claims data of medical specialist care, see Supplementary Table 1 for the reimbursement codes. Additionally, OOH GP services and regular GP care were based on EHR data, using reimbursed consultations for all ICPC codes, including diabetes (T90) and other health problems. Determinants were gender, age, migration background, and household income (Supplementary Table 2).



2.4 Data analysis

Patient characteristics were presented for 2019–2021 in absolute numbers and percentages, for all determinants. Mean (SD) contact rates for CDMP consultations, OOH GP care, regular GP care, and hospital care, were calculated per quarter in 2019–2021, along with the percentage changes for each quarter of 2020 and 2021, compared to same quarter in 2019. The percentage changes were calculated based on the mean contacts for all patients in each quarter. Quarterly analyses were conducted to reflect the different phases of the pandemic, ranging from periods of strict measures, such as lockdowns, to phases with fewer restrictions. Generalized linear regression analysis, adjusted for time series autocorrelation (weeks), assessed changes in care utilization for CDMP consultations, OOH GP care, regular GP care, and hospital care, with an interaction-term between quarter and year. A sensitivity analysis was performed for different subgroups (ages 18–64 vs. 65+, Dutch vs. migration background and low vs. middle vs. high household incomes), to address population heterogeneity. For all subgroups, contact rates per 1,000 patients for 2019, 2020, and 2021 were calculated, as well as the differences between 2020 and 2019 and between 2021 and 2019. Long-term (1 year later) and short-term (6 months later) associations of downscaled CDMP were examined using linear regression analyses to determine if differences in care through CDMP (e.g., in 2020 compared to 2019) influenced the difference in care utilization at other healthcare settings (e.g., in 2021 compared to 2019), separately for OOH GP care, regular GP care, and hospital care (adjusted for all determinants). For both analyses, we examined assumptions, including linearity, multicollinearity, normality of residuals, homoscedasticity, and the presence of outliers. These assumption checks revealed no substantial violations of the underlying assumptions. All analyses were two-tailed, with a significance threshold of 0.05. STATA software (version 16.1) was used for analysis.




3 Results

In total, 15,247 type 2 diabetes patients participating in CDMP were included in 2019 and followed in 2020 and 2021, 53.2% were male and 46.8% were female. Most patients were 65 years and older (62.1–67.9%), Dutch (72.8%), and had a low (49.6–52.7%) or middle (35.4–37%) household income (Table 1). Because the study followed individuals over time, there were relatively more individuals in the older age categories (75–84 and 85+) in 2021 compared to 2019. The total number of CDMP contacts decreased from 35,582 contacts for all patients in 2019 to 24,173 in 2021. OOH GP contacts initially increased in 2020 to 4,125 contacts, then declined to 3,480 in 2021, compared to 3,817 in 2019. Meanwhile, regular GP care contacts and hospital contacts initially decreased in 2020 (114,519 and 2,151 contacts, respectively), before increasing in 2021 (126,942 and 2,452 contacts, respectively), compared to 2019 (116,012 and 2,267).


TABLE 1 Characteristics of included type 2 diabetes patients.
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3.1 Healthcare use for type 2 diabetes patients

During the COVID-19 pandemic, there was a notable reduction in the number of contacts taking place as part of CDMP across all quarters of 2020 and 2021, compared to 2019 (Figure 1). The most substantial decrease was observed in Q2 of 2020 (early phase of the COVID-19 pandemic), with a decline of 38.1% compared to the same quarter in 2019 (Figure 1). Both the second (Coeff: −17.0, 95% CI: −27.7 to −6.2, p = 0.002) and fourth (Coeff: −10.1, 95% CI: −16.6 to −3.5, p = 0.003) quarters of 2020, along with all quarters of 2021, showed significantly lower contact rates in CDMP than 2019 (Table 2).


[image: Bar chart comparing healthcare service usage across several categories in 2020 and 2021 against 2019. Categories include E-consultations, out-of-hours GP services, hospital care, and regular GP care. E-consultations consistently decreased, while other categories vary, showing both increases and decreases over time.]
FIGURE 1
 Percentage changes in healthcare utilization shown by quarter for 2020 and 2021, compared to 2019, for patients with diabetes enrolled in diabetes care programs across various healthcare settings.



TABLE 2 Mean standard deviation, and percentage change compared to 2019 for the contact rates per 1,000 type 2 diabetes patients in 2019, 2020 and 2021, and differences in contact rates between (2020 and 2019) and (2021 and 2019) tested for various healthcare settings.

[image: Table showing mean number of consultations for various types of care across quarters in 2019, 2020, and 2021. It includes statistical comparisons with coefficients, confidence intervals, and p-values. Notable findings include significant reductions in diabetes care program consultations at general practice, while regular general practice care showed increased consultations in 2021 compared to 2019. Significant p-values are marked with a superscript "a".]

For the OOH GP services, contacts increased significantly in Q1 2020 compared to the same quarter in 2019 (Coeff: 0.5, 95% CI: 0.1–1.0, p = 0.049), and contacts decreased significantly in Q1 2021 compared to 2019 (Coeff: −0.7, 95% CI: −1.1 to −0.4, p < 0.001; Table 2). Although no significant differences were observed in other quarters, there are different trends: in all quarters of 2020, patients with diabetes visited the OOH GP services more often than in 2019. In contrast, there was a decrease in 2021 compared to 2019 in all quarters (Figure 1).

Hospital care utilization showed a significant increase only in Q2 of 2021 compared to the same quarter in 2019 (Coeff: 0.3, 95% CI: 0.1–0.6, p = 0.047; Table 2), and a significant decreased in Q2 2020 (Coeff: −0.5, 95% CI: 0.9 to −0.1, p = 0.011). However, certain trends were still observed. From the first quarter of 2021, patients with diabetes received more hospital care for diabetes, with an increase up to 13.8% compared to the same quarter in 2019 (Figure 1).

Regular GP care contact rates significantly increased for all quarters in 2021 compared to the same quarters in 2019 (Table 2). However, a trend can already be observed starting in Q3 of 2020, with an increase in GP contacts for regular GP care (Figure 1).



3.2 Sensitivity analysis

For individuals aged 18–64 and individuals with a migration background, there was a more substantial decline in CDMP consultations during the pandemic, compared to their comparable group, see Supplementary Table 3. Low income individuals and those over 65 experienced a greater increase in regular GP care, high-income individuals and 18–64-year-olds saw a greater increase in hospital care during the pandemic compared to their comparable groups.



3.3 Long-term associations with downscaled CDMP

Regular GP care in 2021 was negatively associated with CDMP consultations in 2020 (Table 3). When CDMP consultations declined in 2020 compared to 2019, regular GP care for type 2 diabetes patients significantly increased in 2021 compared to 2019 (Coeff: −0.1437, 95% CI: −0.2296 to −0.0578, p = 0.001). There were no significant association between the difference in CDMP consultations in 2020 compared to 2019 and the difference in OOH GP or hospital care in 2021 compared to 2019 (Table 3).


TABLE 3 The association of the difference in care utilization through chronic disease management programs for type 2 diabetes patients on the difference in care utilization at out-of-hours general practice services, hospital care or regular practice 1 year later (long-term) and 6 months later (short-term), corrected for all determinants.
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3.4 Short-term associations with downscaled CDMP

There was a negative association between the difference in CDMP consultations in the first half of 2021 with the difference in hospital care and regular GP care in the second half of 2021 (Table 3). When consultations from CDMP declined in the first half of 2021 compared to the first half of 2019, hospital (Coeff: −0.0069, 95% CI: −0.0133 to −0.0004, p = 0.037) and regular GP care (Coeff: −0.0776, 95% CI: −0.1490 to −0.0063, p = 0.033) for type 2 diabetes patients significantly increased in the second half of 2021 compared to the same period in 2019.




4 Discussion


4.1 Main findings

This study showed considerable changes in healthcare utilization by type 2 diabetes patients enrolled in the CDMP during the COVID-19 pandemic, compared to 2019. As expected, there was a marked decrease in the number of consultations in the CDMP, while care utilization at OOH GP services, at hospitals (specifically for diabetes) and regular GP care temporarily increased at various times during the pandemic. The timing of these increases varied depending on the type of healthcare provider. This study indicated that, in the long-term (1 year later), reduced consultations at the CDMP were associated with increased regular GP care for type 2 diabetes patients, while in the short-term (6 months later), this association was observed for both regular GP care and hospital care (specifically for diabetes) in the second half of 2021.



4.2 Comparison with existing literature

In our study, we observed a decrease in consultations through CDMP for type 2 diabetes patients during the COVID-19 pandemic. At the same time, we observed a temporary increase in OOH GP care during the early stages of the pandemic in Q1 2020, which then returned to 2019 levels. Hospital care experienced a temporary increase in Q2 2021, while regular GP care increased in all quarters of 2021. Most (inter)national studies also demonstrate a decrease in diabetes care (24–26), whereas another Dutch study showed an increase in regular GP contacts by type 2 diabetes patients during the first pandemic year (27). In contrast to our study, these studies focused on all types of GP care for type 2 diabetes patients. Like our study, another Dutch study found a reduction in diabetes outpatient visits among hospitals during the first year of the pandemic for both type 1 and type 2 diabetes patients (28). Research conducted in UK showed increased emergency hospital admissions for diabetes ketoacidosis among type 2 diabetes patients from the start of the pandemic until February 2021 (29). However, a systematic review by Hartmann-Boyce et al. (30) showed that the international literature is inconclusive regarding trends in emergency care and hospitalizations among patient with type 1 and type 2 diabetes. Thus, several findings in international literature are consistent with our results, such as reduced diabetes care and increased use of hospital and regular GP care, while evidence from the systematic review also highlights inconsistencies, indicating that trends in care utilization during the pandemic may have varied across healthcare settings. At the population level, differences in healthcare utilization may be limited, however, for specific groups, the downscaling of CDMP care may have had a greater impact on healthcare utilization elsewhere. In our study, we took a first step by presenting differences in healthcare utilization across various settings for specific subgroups (e.g., age, migration background, household income). Further research is needed to better understand the impact on specific subgroups and to ensure better protection for these individuals during future pandemics. Additionally, it is important to evaluate the long-term impact of reduced care in CDMP and to gain a comprehensive understanding of its consequences.

Despite the temporary increases in healthcare utilization elsewhere, we also observe that care through CDMP did not increase again in 2021. There were various reasons for the interruption of this care during the pandemic; both for the patient, including fear of contracting COVID-19 and isolation at home, and collective factors such as shortages of medical staff and the suspension of (outpatient) care (31). Previous research indicates that continuity of CDMP is important for favorable outcomes (32, 33), including fewer complications and less healthcare utilization (34). The fact that care through CDMP has not been scaled up further may have long-term effects on health outcomes and care utilization elsewhere. This suggests the importance of CDMP, and that downscaling can be harmful for type 2 diabetes patients.

The COVID-19 pandemic may also have had a positive impact on diabetes management, largely due to the increased use of telemedicine. International studies have shown that this new approach to (self-)care contributes to better glycemic control and fewer hospitalizations (35, 36). However, we were unable to explore this in our study due to a lack of necessary data. During a crisis like the pandemic, it is not always feasible to provide care in the usual way while simultaneously preventing the spread of the virus. Therefore, in future pandemics it is essential to prioritize the limited face-to-face care available to those who need it most. At the same time, it is crucial that all type 2 diabetes patients receive the attention they need. Telemedicine offers a valuable solution for more stable type 2 diabetes patients who do not require face-to-face consultations. Such adjustments are necessary to prevent deterioration in health and thereby reduce the risk of increased healthcare utilization in other parts of the system.



4.3 Strengths and limitations

A strength of our study was the use of multiple real-world data sources related to type 2 diabetes patient care. To the best of our knowledge, this is the first study investigating the association of downscaling CDMP on healthcare utilization across multiple healthcare sectors. By examining data from general practices, out-of-hours GP services, and hospitals, we provided a comprehensive analysis of the broader healthcare context during the pandemic. In a crisis such as the COVID-19 pandemic, it is crucial to generate knowledge quickly, and leveraging existing data plays a vital role in this process (37).

A limitation of this study was the lack of direct information on patients' health outcomes, disease severity, additional support they received or lifestyle modifications, since this information proved difficult to obtain through the existing data sources used. These data could have explained more thoroughly the shifts in healthcare utilization. However, in times of crisis such as a pandemic, collecting additional data is particularly challenging, highlighting the importance of having access to existing healthcare data that are fit for purpose in generating timely insights into the impact of the crisis.

Another limitation is that we examined associations between the use of different types of healthcare available to patients with diabetes during a period of time in which many other factors influenced healthcare use, including lockdown measures in particular. As a result, we examined the association between two variables without implying a causal relationship or direction between them. Delayed or canceled care in CDMP may not necessarily fully explain the increase in hospital care or regular GP care. Other potential explanations for the increase in hospital care or regular GP care that were not considered in our study, include patient comorbidities, increased healthcare needs due to aging, or contracting a COVID-19 infection (13, 38, 39).

Moreover, the lockdown measures at the beginning of the pandemic may have caused these individuals to increase their use of regular GP care later, as a catch-up effect for the missed care during the early stages of the pandemic due to the lockdown measures (26). Nevertheless, we observed an increase in regular GP care in Q1 2021, even though the Netherlands was still in lockdown at that time.

Additionally, the lack of a reliable specific claim code for diabetes CDMP meant that we could only identify patients indirectly. To ensure that contacts were related to CDMP care, we applied strictly defined inclusion criteria. As a result, we may have underestimated the number of patients receiving CDMP care. In the Netherlands, more than 500,000 individuals receive care through CDMP from their GP (8).

Moreover, it was not possible to identify patients using the ICPC subcode specific to type 2 diabetes (T90.02) in the available dataset. Instead, patients were selected based on their participation in the CDMP for type 2 diabetes, which strongly indicates that they have type 2 diabetes. However, it is possible that a small number of individuals with type 1 diabetes were included based on this criterion.

Finally, in our study, we included individuals based on 2019 data and followed them throughout the study period, excluding new patients from 2020 to 2021. This may have resulted in an aging study population, with their conditions worsening over time and a potential increase in hospitalization risk.



4.4 Implications for research and practice

Our results indicate that the reduction in care through CDMP was associated with increased regular GP care and hospital care for diabetes during the COVID-19 pandemic. This study is a first step toward pandemic preparedness, helping the government understand how to manage healthcare postponements in future pandemics. More in-depth (qualitative) analyses are needed to examine factors influencing the association between CDMP and other healthcare, such as different levels of CDMP by GP practices, patients' needs, individual disease burden (including comorbidities), quality of life and patient self-management abilities. Conducting an inventory among GPs, healthcare professionals and patients could provide valuable insights into intended and unintended consequences of healthcare utilization. Moreover, it is important to continuously monitor healthcare utilization patterns among type 2 diabetes patients who receive CDMP care and assess the mid- to long-term impact, as this has not yet been addressed in literature. Additionally, this research serves as a starting point to investigate whether CDMP are evidence based and desirable from the perspectives of patients, GPs, hospitals, and policymakers. All these considerations are essential to determine if these healthcare shifts were unwanted by type 2 diabetes patients.




5 Conclusion

Downscaling CDMP care for type 2 diabetes patients during the COVID-19 pandemic was associated with (temporarily) increased hospital care for diabetes and regular GP care at various times during the pandemic. It is unlikely that these shifts in care utilization were desirable in terms of quality of care, given costs and also patient preferences. These findings may contribute to making informed decisions regarding measures during future pandemics. During future pandemics, it is essential to prioritize face-to-face consultations for those most in need while ensuring ongoing support for all patients. Telemedicine offers an effective alternative for stable patients. Such adjustments help prevent deterioration in health and reduce pressure on other healthcare services. The COVID-19 pandemic provided a unique learning opportunity to investigate the impact of downsizing CDMP for type 2 diabetes patients, as it would normally be unethical to withhold care. This situation enabled us to provide valuable insights into the effectiveness of these programs after the pandemic using real world data.
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Characteristic Baseline Endpoint P
Male 33 (52%) - _
Female 31 (48%) - -
Age, years 56.91 £9.71 - -
Hypertension 33 (51.6%) - -
Coronary heart disease 15 (23.4%) - -
Cerebrovascular disease 11 (17.2%) - -
Height, cm 167.64 £ 7.56 167.72 + 7.63 0.620
Weight, kg 72.49 + 11.75 71.80 + 117 0.740
BMI, kg/m2 25.72 £2.98 25.48 £2.96 0.652
WC, cm 91.87 £ 8.18 90.73 + 8.67 0.445
SBP, mmHg 136.89 + 18.19 132.88 = 19.96 0.236
DBP, mmHg 7678 £1225 76.83 = 11.60 0.982
HR, BPM 80.28 + 10.87 79.11 + 10.96 0.545
FPG, mmol/L 7.38 £ 1.30 7.43 + 1.50 0.713
CP, ng/ml 1.50 (1.16,1.77) 1.89 (1.35,2.51) 0.011
ns, mIU/L 7.44 (4.68,13.21) 9.81 (5.19,14.62) 0.106
HbAlc, % 7.81 £1.21 6.74 + 0.58 <0.001
ALT, U/L 17.00 (13.0024.50)  17.00 (13.0022.00) | 0.448 7
AST, U/L 19.00 (15.00,21.00) 17.00 (14.00,20.00) 0.210
TC, mmol/L 4.68 £ 1.22 4.49 £ 1.22 0.399
TG, mmol/L 1.57 (1.10,2.10) 1.47(1.15,1.95) 0.659
HDL-C, mmol/L 1.16 £ 0.28 1.14 + 0.29 0.671
LDL-C, mmol/L 2.59 £ 0.82 2.38 £ 0.75 0.125
Cre, umol/L 59.67 + 15.65 62.21% 17.55 0.337
UA, umol/L 336.29 £ 64.13 343.22 £ 7295 0.493
UACR, mg/g 22.65 (12.36,55.13) 28.99 (13.91,80.13) 0.573

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HR, heart rate; FPG, fasting plasma glucose; CP, C-peptide; Ins, insulin;
HbAlc, glycosylated hemoglobin; ALT, alanine transaminase; AST, aspartate

aminotransferase; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; Cre, creatinine; UA, uric acid; UACR,

urine albumin creatine ratio. The data are presented as the mean + standard deviation (SD),

median (quartiles 1 and 3) or n (%).
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high—-normal
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Number

Age(years)

Male n(%)

High educational level n(%)
Smoking n(%)

Duration of DM (years)
HT n(%)

History of cerebrovascular n(%)
History of cardiovascular n(%)
ACEI n(%)

ARB n(%)

Calcium antagonist n(%)

B receptor blockers n(%)
Diuretic n(%)

o receptor blockers n(%)
BMI (kg/m?)

WC (cm)

SBP (mmHg)

DBP (mmHg)

FPG (mmol/l)

PG 2h (mmol/l)

HbAIc (%)

TG (mmol/l)

TC (mmol/l)

HDL-C (mmol/l)

LDL-C (mmol/l)

UAER

eGFR (ml/min)

570

63.31 £ 9.69
203(35.61)
118(20.77)
57(10.02)
49(1.1,10.0)
419(73.51)
66(11.58)
117(20.53)
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101(17.72)
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24(421)
2(0.35)
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730 223
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Characteristic All participants Validation set ~ Stand ed difference  P-value

Participants 28,875 14413 14,462

Age (year) 42.54 £12.37 42.60 £ 12.38 42.48 £12.36 0.01 0.402
Gender

Male 18,557 (64.27%) 9,258 (64.23%) 9,299 (64.30%) 0.00 0.917
Female 10,318 (35.73%) 5,155 (35.77%) 5,163 (35.70%)

BMI (kg/m?) 23.44 4326 23444325 23.44+328 0.00 0.946
SBP (mmHg) 119.26 + 1557 119.25 4 15.52 119.27 & 15.62 0.00 0.928
DBP (mmHg) 74.64 £ 1041 74.65 £ 10.40 74.63 £ 1043 0.00 0.883
FPG (mmol/L) 4.91£0.54 4.91£0.55 4.91£0.54 0.01 0.361
TG (mmol/L) 142 £1.04 141+ 1.01 143+ 1.07 0.02 0.185
HDL-C (mmol/L) 1.34£0.30 1.34 £0.30 1.35£0.30 0.01 0.356
LDL-C (mmol/L) 2.74 £ 0.68 2.74 £ 0.69 2.74£0.68 0.00 0.730
ALT (U/L) 2503 +21.08 2510 +21.54 24.96 & 20.60 0.01 0.586
BUN (mmol/L) 4.68£1.15 469+ 1.16 468+ 1.14 0.01 0.295
Scr (umol/L) 72.14£15.19 7217 £15.25 72.12£1513 0.00 0.769
Smoking status

Ever/Current 6,861 (23.76%) 3,419 (23.72%) 3,442 (23.80%) 0.00 0.886
Never 22,014 (76.24%) 10,994 (76.28%) 11,020 (76.20%)

Drinking status

Ever/Current 5,560 (19.26%) 2,748 (19.07%) 2,812 (19.44%) 0.01 0.424
Never 23,315 (80.74%) 11,665 (80.93%) 11,650 (80.56%)

Family history

No 27,308 (94.57%) 13,621 (94.50%) 13,687 (94.64%) 0.01 0.628
Yes 1,567 (5.43%) 792 (5.50%) 775 (5.36%)

*Welch Two Sample t-test; Pearson’s Chi-squared test.
Values are n (%) or mean =% SD.

BMI, body mass index; SBB, systolic blood pressure; DB, diastolic blood pressure; FPG; fasting plasma glucose; TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low
density lipid cholesterol; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Scr, serum creatinine; Family history, family history of diabetes.
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\EEE ariate [OR ultivariate [OR
(95% Cl), P] (95% Cl), P

Age (year) 1.05 (1.04-1.06), <0.05 1.03 (1.02-1.04), <0.05

Gender

Male Ref Ref

Female 062 (0.5-0.76), <0.05 082 (0.59-1.12), 0.217

BMI (kg/m?) 1.19 (1.16-1.22), <0.05 1.08 (1.04-1.12), <0.05

SBP (mmHg) 1.04 (1.03-1.04), <0.05 1.00 (1.00-1.01), <0.05

DBP (mmHg) 1.05 (1.04-1.06), <0.05 1.01 (1.00-1.02), 0.022

FPG (mmol/L) 7.4(5.99-9.19), <0.05 5.85 (4.19-8.16), <0.05

TG (mmol/L) 1.41 (1.33-1.49), <0.05 121 (1.11-130), <0.05

HDL-C (mmol/L) 043 (031-0.6), <0.05 0.67 (0.47-0.96), <0.05

LDL-C (mmol/L) 1.49 (1.31-1.68), <0.05 1.07 (0.93-1.23), 0.294

ALT (U/L) 1.01 (1-1.01), <0.05 1.00 (1.00-1.01), <0.05

BUN (mmol/L) 1.23 (1.14-1.32), <0.05 1.06 (0.97-1.15), 0.148

Ser (wmol/L) 1.01 (1-1.01), <0.05 0.98 (0.97-0.99), <0.05

Smoking status

Ever/Current Ref Ref

Never 066 (0.55-0.81), <0.05 0.975 (0.77-1.22), 0.834

Drinking status

Ever/Current Ref Ref

Never 076 (0.61-0.94), <0.05 097 (0.76-1.24), 0.846

Family history

No Ref Ref

Yes 1.61 (1.14-2.22), <0.05 1.78 (1.25-2.55), <0.05

BMI, body mass index; SBE, systolic blood pressure; DBP, diastolic blood pressure; FPG;
fasting plasma glucose; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipid cholesterol; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Scr,
serum creatinine; Family history, family history of diabetes. OR, Odds ratio; CI, confidence
interval; Ref, reference.
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Baseline RHR categories (bpm)

RHR <70 RHR 70-79 RHR >=80

Number (%) 2513 511 1485 517

Age(years) 62.24 £10.27 63.32 + 9.98 6246 +10.11 60.51 + 10.83 <0.001
Male n(%) 1003(39.91) 202(39.53) 573(38.59) 228(44.10) 0.086
High educational level n(%) 486(19.42) 100(19.76) 298(20.11) 88(17.12) 0.498
Smoking n(%) 372(14.82) 63(12.35) 206(13.89) 103(19.92) 0.001
Duration of DM (years) 12.21 + 105.58 5.0(1.1,10.1) 4.7(0.9,9.9) 4.7(0.5,9.9) 0.636
HT n(%) ‘ 1824(72.58) 386(75.54) 1061(71.45) 377(72.92) 0.199
History of cerebrovascular n(%) 283(11.26) 63(12.33) 162(10.91) 58(11.22) 0.681
History of cardiovascular n(%) 488(19.42) 111(21.72) 283(19.06) 94(18.18) 0.307
Metformin n(%) 1145(45.56) 222(43.44) 679(45.72) 244(47.20) 0.473
Sulfonylurea drugs n(%) 614(24.43) 135(26.42) 343(23.10) 136(26.31) 0.173
Insulin therapy n(%) 540(21.49) 101(19.77) 326(21.95) 113(21.86) 0.568
ACEI n(%) 391(15.56) 93(18.20) 233(15.69) 65(12.57) 0.044
ARB n(%) 381(15.16) 92(18.00) 222(14.95) 67(12.96) 0.074
Calcium antagonist n(%) 974(38.76) 205(40.12) 585(39.39) 184(35.59) 0.242
B receptor blockers n(%) 302(12.02) 81(15.85) 168(11.31) 53(10.25) 0.009
Diuretic n(%) 92(3.66) 25(4.89) 55(3.70) 12(2.32) 0.089
o receptor blockers n(%) 17(0.68) 3(0.59) 12(0.81) 2(0.39) 0.672
BMI (kg/mz) 27.30 + 6891 2532 + 348 2691 + 63.32 30.37 + 107.52 0475
WC (cm) 88.77 £ 9.45 89.23 + 9.76b 88.23 £ 9.37 89.86 + 9.27 0.002
SBP (mmHg) 12871 + 13.45 127.07 + 13.14 128.23 + 12.59 131.66 + 15.57 <0.001
DBP (mmHg) 7753 + 847 75.68 + 9.01 7741 £ 8.07 79.70 + 8.58 <0.001
FPG (mmol/l) 7.70 £2.48 7.18 £ 2.11 7.68 +2.45 8.33+278 <0.001
PG 2h (mmol/l) 11.02 £ 1049 10.87 £ 12.16 1097 £ 11.24 1131 + 4.57 0.793
HbAIlc (%) 7.23 £ 149 7.02 + 145 7.18 £ 145 7.58 £ 1.60 <0.001
TG (mmol/l) 1.89 + 143 1.90 + 1.44 1.84 + 1.32 203+ 172 0.052
TC (mmol/l) 515 £ 1.16 5.08 + 1.18 514 £ 1.11 527 +1.26 0.031
HDL-C (mmol/l) 133 £ 046 1.30 + 0.47 1.34 + 047 1.32 £ 042 0.237
LDL-C (mmol/l) 3.01 £091 2.96 +0.88 3.01 £0.90 3.09 £ 093 0.113
UAER 11.1(7.2,23.6) 12.3(7.1,27.3) 10.5(7.2,21.6) 11.8(7.4,25.9) 0.271
eGFR (ml/min) 93.5(74.6,116.5) 95.8(74.3,118.5) 93.9(75.6,117.3) 89.4(72.3,111.8) 0.031

Data are means + SE, median (P25-P75) or raw numbers (%). RHR, resting heart rate; DM, diabetes mellitus; HT, hypertension; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 2h PG, 2-h post oral
glucose load plasma glucose; HbA L, glycated hemoglobin; TG, triglycerides; TC, total cholesterol; HDL-C, high- density lipoprotein; LDL-C, low-density lipoprotein cholesterol; UAER, urinary
albumin excretion rates; eGFR, estimated glomerular filtration rate.
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Change in RHR categories (bpm)

large decrease moderate stable RHR moderate large increase
decrease increase

Number 83 511 1589 300 30

Age(years) 62,58 + 10.82 62.53 = 10.69 61.95  10.22 63.13  9.66 62.53 = 10.69 0400
Male n(%) 29(34.94) 196(38.36) 647(40.72) 114(38.00) 17(56.67) 0217
High educational level n(%) 11(13.41) 93(18.27) 325(20.50) 49(16.55) 8(26.67) 0.167
Smoking n(%) 14(16.87) 77(15.10) 232(14.61) 46(15.38) 3(10.00) 0911
Duration of DM (years) 6.1(1.2,11.7) 5.1(1.5,11.1) 4.3(0.6,9.8) 4.9(1.3,9.8) 3.3(1.4,8.1) 0.016
HT n(%) 62(74.70) 367(71.82) 1143(71.93) 229(76.33) 23(76.67) 0550

History of cerebrovascular

n(%) 9(10.84) 64(12.52) 166(10.45) 39(13.00) 5(16.67) 0453
History of cardiovascular

n(%) 22(26.51) 106(20.74) 295(18.57) 59(19.67) 6(20.00) 0.407
ACEI n(%) 14(16.87) 78(15.26) 233(14.66) 56(18.67) 10(33.33) 0.032
ARB n(%) 5(6.02) 72(14.09) 250(15.73) 51(17.00) 3(10.00) 0.105
Calcium antagonist n(%) 28(33.73) 202(39.53) 618(38.89) 111(37.00) 15(50.00) 0.556
B receptor blockers n(%) 4(13.33) 51(17.00) 187(11.77) 53(10.37) 7(8.43) 0.051
Diuretic n(%) 1(1.20) 14(2.74) 59(3.71) 18(6.00) 0(0.00) 0.076
o receptor blockers n(%) 0(0.00) 3(0.59) 10(0.63) 4(1.33) 0(0.00) 0.630
BMI (kg/mz) 25.68 + 341 2524 +3.28 28.36 + 86.62 25.76 + 391 25.93 + 3.57 0.904
WC (cm) 90.36 + 9.05 88.25 +9.25 88.66 + 9.50 89.66 + 9.52 89.75 + 10.46 0.134
SBP (mmHg) 131.77 + 13.23a 130.65 + 14.94a 127.82 + 12.5%9a | 128.97 + 14.80a 131.20 £ 13.32a <0.001
DBP (mmHg) 79.39 + 8.43a 79.00 + 8.39a 76.97 + 8.22a 77.59 £ 9.24a 76.37 + 11.20a <0.001
FPG (mmol/l) 8.13 +£263 8.03 £2.71 7.62 £ 242 7.37 £2.21 8.46 = 2.90 <0.001
PG 2h (mmol/l) 11.25 + 4.66 1145 £ 10.70 11.00 £ 11.57 10.33 + 3.88 10.75 + 4.55 0.728
HbAIc (%) 7.38 £ 1.49a 743 £ 1.63a 7.15 £ 14la 7.18 + 1.62a 7.40 £ 1.44a 0.007
TG (mmol/l) 190 + 1.19 198 + 1.55 1.86 + 1.43 1.88 +1.37 1.80 + 0.98 0.659
TC (mmol/l) 515+ 1.05 522+1.22 510 £ 1.13 523 +121 5.59 + 1.27 0.051
HDL-C (mmol/l) 1.33 £ 037 1.34 £ 0.55 131 £ 042 1.37 £0.51 143+ 071 0.222
LDL-C (mmol/l) 3.05 +0.83 3.07 £ 0.89 2.98 £ 0.90 3.05 + 091 322+ 143 0.289
UAER 10.9(7.1,18.6) 11.9(7.2,27.4) 10.6(7.1,21.6) 14.3(8.0,28.8) 7.1(6.2,14.4) 0.026

€GER (ml/min) 99.6(72.8,122.4) 923(73.7,117.1) 94.7(76.4,116.6) 89.1(71.1,112.3) 82.2(67.9,105.7) 0036
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Variable

Category  Frequency
Percent (%

Distance from the hospitl. | 0-5km 361 0%

610km 131 2%

Beyond 10km | 108 18%
Avaiabily of Yes 30 s83%
haaltheare services

No %0 a7
Qualiy of healtheare Yes 515 5%

No 5 2%
Sulfcient atention Yes 25 75%

No 5 5%
Published education Yes 25 H08%
materils

No 355 soa%
Council about the ertical | Yes B 7%

nature of self-care
No ] 1%
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Variables Adherence to self-care practice CORCI 95% AOR CI 95%

Good Poor
Age
30-60 years 209 (343%) 21 663%) ' ' o
6170 yeas 6 07%) 2029 068 (0451.02) 15108228) o
570 yers 7028 15 2.5% 016 (007:037) 031 019:139) o
Gender
e 131 22359 159 (31.5%) 1 '
Female 128 213%) 119 159 121 088169 153099236 ooss
Residence.
Utban 21 Gosw) 151 s2%) 667 (149.992) 5490105878 oour
Rural 163 157 612%) ' '

Level of education

Noformal educaion | 18 (3%) 123 205%) f '
Prmary shool 1007% 950158%) 071 032165 041 016:105) 0.0
High school 93 153%) © s 21 (s131652) 297 033.667) 005"
College and above 262 (@37%) 38 (563%) 18910531 508 207-125) o000
Occupation

Unemployed 16 213%) 299 (193%) 016 011:025) 031 015.077) oot
Employed 16 (19:3%) 963%) ' '

Availability of heathcare services
Yes 231 6o) 16 193%) 1 '
No w7 mem 006 001:005) 019 009:037) o000

Duration of type 2 DM diagnosis

125 yers 188 (313%) 16 @r2%) 548 249-1208) 926 (030-107) o075
610 yeurs 66 1% 157 (22%) 229 (10158) 331022551 0055
10 yeurs 30%) 3 63%) ' '

Medical complication related to diabetes
Yes 2067 045% 027 016.0.42) 036015206 o380
No 210 (10%) 29 (a15%) ' '

e <025 ivarible anysis. il <0001, p-vloe <001, vl <005
i L, condence lnterval.

il s and 1 it th eeence vrsle, COR, crde ot AOR, adfsed
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compared Coefficie 95% CI

Long-term

Out-of-hours general practice services 2021 vs. 2020 —0.0013 —0.0114 0.0089 0.807

Hospital care 2021 vs. 2020 —0.0063 —0.0147 0.0021 0.140

Regular general practice care 2021 vs. 2020 —0.1437 —0.2296 —0.0578 0.001*

Short-term

Out-of-hours general practice services 2020-2 vs. 2020-1 0.0081 —0.0019 0.0181 0.113
2021-1 vs. 2020-2 0.0010 —0.0090 0.0110 0.846
2021-2 vs. 2021-1 0.0079 —0.0008 0.0167 0.076

Hospital care 2020-2 vs. 2020-1 0.0049 —0.0008 0.0105 0.091
2021-1 vs. 2020-2 0.0007 —0.0066 0.008 0.846
2021-2vs. 2021-1 —0.0069 —0.0133 —0.0004 0.037%

Regular general practice care 2020-2 vs. 2020-1 —0.0635 —0.1312 0.0042 0.066
2021-1 vs. 2020-2 0.0261 —0.0506 0.1028 0.505
2021-2 vs. 2021-1 —0.0776 —0.1490 —0.0063 0.033*

p-Value < 0.05.
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Characteristic Type 2 diabetes patients (n

2019 2020
Gender
Men 8,114 (53.2%)
Women 7,133 (46.8%)

Age (in categories)

18-44 409 (2.7%) 349 (2.3%) 302 (2.0%)

45-64 5383 (353%) | 4,994(32.8%) | 4,594 (30.1%)
65-74 5162(33.9%) | 5152(33.8%) | 4,997 (32.8%)
75-84 3,486 (22.9%) | 3746 (24.6%) | 4,116 (27.0%)
85 years and older 807 (5.3%) 1,006 (6.6%) 1,238 (8.1%)

Migration background

Dutch 11,102 (72.8%)
Western 2,766 (18.1%)
Non-western 1,279 (9.0%)

Household income

Low 7,563 (49.6%) | 7,767 (50.9%) | 8,033 (52.7%)
Middle 5634(37.0%) | 5519(362%) | 5394 (35.4%)
High 1925 (12.6%) | 1815 (11.9%) 1,657 (10.9%)
Missing 125 (0.8%) 146 (0.96%) 163 (1.0%)

Healthcare utilization (total number of contacts)

Diabetes care 35,582 26,988 24,173
programs at the GP
Out-of-hours general 3,817 4,125 3,480

practice services

Regular general 116,012 114,519 126,942
practice care

Hospital care 2,267 2,151 2,452
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2019> 2020 2021 Difference between 2020 and 2019 = Difference between 2021 and 2019°

Type of care Quarter Mean no. of Mean no. of Mean no. of Coefficient 95% Cl p-Value Coefficient 95% Cl p-Value
consults (SD) consults (SD) consults (SD)
% change % change
compared compared
to 2019 to 2019
Diabetes care programs at | Q1 47.3(10.7) 374 33.3 (44) —9.81 -207 | 11 0.078 —139 —-200 | -7.9 <0.001°
the GP (15.4) —20.8% —29.5%
Q 44.5(8.6) 27.5 312(62) 170 -277 | —62 0.002° -132 191 | -74 <0.001°
(13.7) —38.1% —29.8%
Q3 42.7 (8.6) 357 28.4(655) -7.1 —147 | 06 0.070 —144 -221 | -67 <0.001°
(6.4) ~16.6% ~33.6%
o2} 45.0(10.6) 350 29.1(6.5) —10.1 —166 | -35 0,003 -160 —224 | 96 <0.001°
(7.6) —22.3% —35.6%
Out-of-hours general Q1 4.7 (0.6) 52 4.0(05) 05 0.1 10 0.049° 07 —-11 | 04 <0.001*
practice services (0.6) 10.4% —15.7%
Q 4.8(0.9) 53 4.6(05) 04 02 1.0 0.159 —0.2 —09 | 04 0.430
0.7) 8.9% —5.1%
Q3 4.8(0.8) 5.0 4.3(0.6) 02 -03 | 07 0.388 0.5 —10 | 01 0.075
(0.4)4.3% —-9.7%
Q4 49(L.1) 52 43(09) 03 04 L1 0.374 —0.6 —13 | 01 0.085
0.9)7.1% —12.2%
Hospital care Q1 29(0.5) 27 32(0.5) 02 —07 | 04 0.595 0.4 -01 | 08 0.057
(0.8) —5.5% 13.8%
Q 2.8(0.6) 23 3.1(06) —05 -09 | —01 0.011° 03 0.1 06 0047
0.6) —18.5% 11.3%
Q3 2.8(0.6) 2.7 3.0 (0.5) —0.1 —04 | 03 0655 02 —02 | 05 0334
(0.4) —2.7% 6.3%
Q 3.0(0.6) 30 3.0 (0.5) 0.1 —04 | 04 0.920 0.1 —04 | 04 0.980
05)0.7% 0.2%
Regular general practice Q1 154.1 (10.5) 143.5 165.8 (11.3) 106 -272 | 61 0213 11.7 28 20.5 0.010°
care (31.0) —6.9% 7.6%
Q 145.7 (14.6) 1333 159.4 (17.4) —124 —-256 | 07 0.063 137 15 259 0028
(17.9) —8.5% 9.4%
Q3 138.8 (9.8) 1406 1542 (12.5) 18 —90 | 126 0739 154 43 266 0.007*
(13.0) 1.3% 11.1%
Qu 1467 (20.4) 153.0 160.4 (14.9) 63 74 | 200 0.367 137 0.1 275 0.050°
(15.8) 4.3% 9.4%

*p-Value < 0.05.
2019 is the reference group.
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Training Validation

LASSO Full Stepwise LASSO Full Stepwise
AUC 0.8167 0.8249 0.8244 0.8191 0.8155 0.8214 0.8212 0.8174
95% CI Lower 0.7983 0.8071 0.8066 0.8009 0.7967 0.803 0.8027 0.7987
95% CI Upper 08352 0.8427 08422 08372 0.8342 08399 0.8397 08361
Best threshold 0.0368 0.0412 00372 0.0363 0.0301 0.0332 0.032 00354
Specificity, % 75.82 78.66 7625 7543 70.93 74.04 73.19 75.17
Sensitivity, % 7537 7263 7495 75.16 77.17 76.11 76.74 74
Accuracy, % 7581 78.46 7621 75.42 7114 741 733 75.13
PPV, % 9.6 10.39 9.71 9.44 8.24 9.02 8.82 9.16
NPV, % 98.91 98.83 98.89 98.89 98.92 98.92 98.94 98.84
PLR 312 34 3.16 3.06 265 293 2.86 298
NLR 032 035 033 033 032 032 0.32 035
DOR 9.6 9.78 961 929 825 9.08 9.01 8.62

LASSO, least absolute shrinkage and selection operator; MFP, multivariable fractional polynomials; AUC, area under curve; CI, confidence interval; PPV, positive predictive value; NPV, negative
predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic odds ratio.





OPS/images/fpubh-13-1559424/fpubh-13-1559424-g004.gif





OPS/images/fpubh-13-1559424/fpubh-13-1559424-t001.jpg
Variables mber of patients [cases
(%)
Age (years)
18-44 9,594 (21.21)
45-64 17,442 (38.56)
65-84 16,987 (37.55)
>85 1,214 (2.68)
Sex
Female 24,980 (55.22)
Male 20,257 (44.78)
Marital status
Unmarried 1,011 (2.23)
Married 41,291 (91.28)
Divorced/widowed 2,935 (6.49)
Insurance type
Full self-pay 8,554 (18.91)
UEMI 18,375 (40.62)
URMI 14,458 (31.96)
NCMS 451 (1.00)
Other medical insurance 3,399 (7.51)
Length of stay (days)
2-4 8,302 (18.35)
5-7 13,105 (28.97)
8-11 12,164 (26.89)
212 11,666 (25.79)

Number of clinical visits

1

26,621 (58.85)

2 8,981 (19.85)
3 3,917 (8.66)
>4 5,718 (12.64)

Number of comorbidities®

0 23,414 (51.76)
1 8,958 (19.81)
2 6,769 (14.96)
3 3,715 (8.21)

>4 2,381 (5.26)

History of disease

No 8,580 (18.97)
Yes 36,657 (81.03)

History of surgery

No 24,870 (54.98)
Yes 20,367 (45.02)
Smoking history

No 32,376 (71.57)
Yes 12,861 (28.43)

Drinking history

No 33,995 (75.15)
Yes 11,242 (24.85)
ACCl score®

0-1 7,553 (16.70)
2-3 10,546 (23.31)
4-5 13,831 (30.57)
>6 13,307 (29.42)

UEML, urban employee medical insurance; URMI, urban resident medical insurance; NCMS,

new cooperative medical scheme; ACCI, age-adjusted charlson comorbidity index.

*The number of comorbidities was defined based on the top 11 most frequent comorbidities

observed in the study population, excluding T2DM.

The ACCI score was calculated based on the Charlson Comorbidity Index, which includes
‘T2DM as a baseline condition with a score of 1 for uncomplicated diabetes and an additional

score of 2 for end-organ damage.
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Variables Expenditure per Statistics Expenditure per Statistics P-value
patient during patient during
2011-2021 2019-2021
(CNY) (CNY)
Overall 12,335 (12,219-12,451) 13,769 (13,574-13,964)
Age (years) 473.874 <0.001* 204.656 <0.001*
18-44 8,879 (8,735-9,023) 9,678 (9,434-9,922)
45-64 12,126 (11,939-12,313) 13,719 (13,399-14,039)
65-84 14,300 (14,085-14,515) 15,927 (15,571-16,283)
>85 15,157 (14,358-15,956) 15,870 (14,687-17,062)
Sex 160.757 <0.001° 115.763 <0001
Female 11,426 (11,286-11,566) 12,798 (12,558-13,038)
Male 13,456 (13,264-13,648) 14,890 (14,576-15,204)
Marital status 49.014 <0.001° 4842 0.008"
Unmarried 11,254 (10,526-11,982) 12,766 (11,492-14,040)
Married 12,417 (12,297-12,537) 13,785 (13,581-13,989)
Divorced/ 11,561 (11,101-12,021) 13,887 (13,116-14,658)
widowed
Insurance type 460.031 <0.001° 241.437 <0.001°
Full self-pay 9,343 (9,123-9,563) 9,804 (9,450-10,158)
UEMI 13,326 (13,133-13,519) 14,516 (14,209-14,823)
URMI 13,403 (13,188-13,618) 14,863 (14,530-15,196)
NCMS 12,849 (11,756-13,942) 14,549 (12,446-16,652)
Other medical 9,897 (9,592-10,202) 13,464 (11,925-15,003)
insurance
Length of stay (days) 8582.217 <0.001° 3754358 <0.001°
24 5,881 (5,788-5,974) 6,521 (6,365-6,677)
5-7 8,244 (8,133-8,355) 9,012 (8,831-9,193)
8-11 11,758 (11,577-11,939) 13,186 (12,872-13,500)
=12 22,126 (21,810-22,442) 25,549 (25,011-26,087)
Number of clinical visits 31.970 <0.001° 11.803 <0.001°
1 12,067 (11,918-12,216) 13,400 (13,167-13,633)
2 12,320 (12,058-12,582) 13,956 (13,503-14,409)
3 12,361 (11,976-12,746) 13,824 (13,114-14,534)
>4 13,590 (13,240-13,940) 16,116 (15,319-16,913)
Number of comorbidities® 625.709 <0.001° 463.683 <0.001°
0 9,935 (9,825-10,045) 10,083 (9,887-10,279)
1 13,127 (12,836-13,418) 14,564 (14,134-14,994)
2 14,609 (14,249-14,969) 16,140 (15,617-16,663)
3 17,014 (16,475-17,553) 18,867 (18,084-19,650)
>4 19,198 (18,493-19,903) 20,982 (19,994-21,970)
History of disease 238.030 <0.001° 171.740 <0.001°
No 9,956 (9,747-10,165) 10,801 (10,480-11,122)
Yes 12,892 (12,758-13,026) 14,537 (14,308-14,766)
History of surgery 23.104 <0.001° 14.281 <0.001°
No 11,804 (11,655-11,953) 13,101 (12,854-13,348)
Yes 12,984 (12,802-13,166) 14,610 (14,300-14,920)
Smoking history 98.346 <0.001° 49.654 <0.001°
No 11,631 (11,503-11,759) 12,963 (12,746-13,180)
Yes 14,109 (13,860-14,358) 15,663 (15,260-16,066)
Drinking history 32728 <0.001® 10.514 0.001°
No 11,927 (11,798-12,056) 13,370 (13,151-13,589)
Yes 13,571 (13,317-13,825) 14,925 (14,511-15,339)
ACCI scoret 508.783 <0.001° 280.729 <0.001°
0-1 8,423 (8,314-8,532) 9,088 (8,910-9,266)
2-3 10,849 (10,649-11,049) 11,738 (11,376-12,100)
4-5 12,988 (12,765-13,211) 14,400 (14,017-14,783)
=6 15,055 (14,795-15,315) 16,731 (16,339-17,123)

UEMLI, urban employee medical insurance; URMI, urban resident medical insurance; NCMS, new cooperative medical scheme; ACCI, age-adjusted charlson comorbidity index; CNY,

Chinese Yuan.

All expenditure data were presented as mean with 95% confidence interval in parentheses.

*ANOVA test after logarithm transition.
Two-sample Student t-test after logarithm transition.

©The number of comorbidities was defined based on the top eleven most frequent comorbidities observed in the study population, excluding T2DM.

4The ACCI score was calculated based on the Charlson Comorbidity Index, which includes T2DM as a baseline condition with a score of 1 for uncomplicated diabetes and an additional score

of 2 for end-organ damage.
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Variables Analysis 1: medical expenditure during 2011-20212 Analysis 2: medical expenditure during 2019-20212

Conffificient SE 95%Cl P-value Conffificient SE 95%Cl P-value
Lower Upper Lower Upper

Age (years)
18-44 Reference Reference
45-64 —0.004 0.004 —0.013 0.004 0.341 —0.009 0.007 —0.023 0.005 0.192
65-84 0.032 0.005 0.023 0.042 <0.001 0.02 0.008 0.005 0.035 0.009
=85 0.059 0.009 0.042 0075 <0.001 0.031 0013 0.005 0056 0019
Sex
Female / / / / / / / / / /
Male / / / i / ! / / / /

Marital status

Unmarried Reference Reference

Married 0.035 0.008 0.019 0.050 <0.001 0.033 0.012 0.009 0.057 0.007
Divorced/widowed —0.030 0.009 —0.048 —0.013 0.001 0.006 0.014 —0.021 0.034 0.646
Insurance type

Full self-pay Reference Reference

UEMI 0.077 0.003 0.071 0.084 <0.001 0.094 0.005 0.084 0.104 <0.001
URMI 0.113 0.003 0.106 0.119 <0.001 0.124 0.005 0.114 0.135 <0.001
NCMS 0.087 0.012 0.064 0.109 <0.001 0.145 0.024 0.099 0.192 <0.001
Other medical —0.005 0.005 —0.015 0.005 0.320 0.096 0.018 0.060 0.132 <0.001
insurance

Length of stay (days)

2-4 Reference Reference

5-7 0.142 0.003 0.136 0.149 <0.001 0.132 0.005 0.122 0.143 <0.001
8-11 0.281 0.004 0.274 0.288 <0.001 0.269 0.005 0.258 0.28 <0.001
=12 0.535 0.004 0.528 0.542 <0.001 0.538 0.006 0.527 0.549 <0.001

Number of clinical visits

1 Reference Reference

2 —0.026 0.003 —0.032 —0.02 <0.001 —0.018 0.005 —0.027 —0.009 <0.001
3 —0.038 0.004 —0.047 —0.03 <0.001 —0.027 0.007 —0.041 —0.014 <0.001
>4 —0.044 0.004 —0.051 —0.036 <0.001 —0.024 0.007 —0.037 —0.011 <0.001

Number of comorbidities®

0 Reference Reference

1 0.037 0.003 0.031 0.044 <0.001 0.07 0.005 0.06 0.08 <0.001
2 0.064 0.004 0.057 0.072 <0.001 0.096 0.006 0.085 0.108 <0.001
3 0.117 0.005 0.108 0.126 <0.001 0.15 0.007 0.136 0.164 <0.001
>4 0.163 0.006 0.152 0.175 <0.001 0.195 0.008 0.178 0.211 <0.001

History of disease

No Reference Reference

Yes 0.022 0.003 0.016 0.029 <0.001 0.028 0.005 0.019 0.038 <0.001

History of surgery

No Reference / / ! / /

Yes 0.006 0.003 0.001 0.011 0.019 ! / / ! !

Smoking history

No Reference Reference

Yes 0.024 0.003 0.019 0.029 <0.001 0.024 0.004 0.017 0.032 <0.001

Drinking history

No ih / / ! / ! / ! ! /
Yes ] / / ! / ! / / A !
ACCl score®

0-1 Reference Reference

2-3 —0.087 0.005 —0.096 —0.077 <0.001 —0.114 0.008 —0.13 —0.099 <0.001
4-5 —0.076 0.005 —0.087 —0.066 <0.001 —0.1 0.008 —0.117 —0.084 <0.001
=6 —0.090 0.006 —0.101 —0.078 <0.001 —0.116 0.009 —0.134 —0.098 <0.001
Adjusted R? 0.422 / / ! / 0.414 / ! ! !

UEMI, urban employee medical insurance; URMI, urban resident medical insurance; NCMS, new cooperative medical scheme; ACCI, age-adjusted charlson comorbidity index; SE, standard error; CI, confidence interval.
“The logarithmic transformation of the medical expenditure data was performed in the multivariate regression analysis.

#The number of comorbidities was defined based on the top 11 most frequent comorbidities observed in the study population, excluding T2DM.

CThe ACCI score was calculated based on the Charlson Comorbidity Index, which includes T2DM as a baseline condition with a score of 1 for uncomplicated diabetes and an additional score of 2 for end-organ damage.
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Variable Frequency Percent (%)
Got nutrition education

No 25 605

Yes 160 395
Difficult on choosing food

No 205 506

Yes 200 494
Poor understanding on Food disease association

No 26 607

Yes. 159 393

Difficult on availability of fruits and vegetables
No 67 165
Yes. 338 835

Worrying about high cost of foods

No 74 183

Yes 331 817
Control DM by food planning

No 133 328

Yes 272 67.2

Ever attend DM education
No 6 160
Yes 340 84.0
Food security status
Food insecure 336 83

Food secure 69 17
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Variables Dietary adherence

Non-adherent Adherent COR (95% CI) AOR (95% ClI)
BMI category
Underweight 92 16 1.09(0.29-4.40) 077(0.13-4.32) 0701
Normal weight 89 44 105(0.41-2.69) 1.18(0.36-3.84) 0432
Over weight 56 46 0.50(0.19-1.29) 0.62(0.19-2.03) 0.192
Obesity 2 39 1 1

No of family size
<5 171 106 1 (1
>5 89 39 1.42(0.90-2.21) 1.67(0.90-3.09) 0.231

Monthly income

Low 9 14 11.04(5.63-21.55) 8.0(3.40-19.2) 0.001
Medium n7 60 3.07(1.89-5.00) 2.75(1.49-5.55) 0.003
High 45 71 1 1

Treatment type
Insulin 9 8 1 1
Oral hypoglycemic 188 80 2.0(0.77-5.60) 1.61(0.41-624) 0351
Combination 63 57 0.98(0.35-2.71) 1.09(0.27-4.33) 0.225

Member of diabetic association
No 225 102 2.71(1.63-4.48) 1.57(0.76-3.25) 0.121
Yes 35 5 1 1

Perceived susceptibility
Low 169 33 6.30(3.96-10.0) 2.97(1.62-5.45) 0.001
High 91 12 1 1

Perceived benefits
Low 166 57 2.72(1.79-4.14) 1.64(0.92-2.99) 0231
High 94 88 1 1

Glycemia levels

<126 54 76 1 1
>126 206 69 4.20(2.69-6.54) 0.034
Knowledge status
Low 149 37 3.91(2.5-6.12) 2.88(1.49-5.55) 0.026
High 11 108 1 1
Household food security status
Food insecure 240 96 6.12(3.45-10.8) 12.7(5.79-28.2) 0.001
Food secure 20 49 1 1
Depression status
Minimal 185 120 1 1
Mild 52 16 2.10(1.15-3.86) 2.05(0.92-4.54) 0.541
Moderate 23 9 1.65(0.74-3.70) 1.49(0.49-4.47) 0.132

NB, 1 = reference; COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval. Bold values are indicates statistically significant association with adherence to recommended diet.
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Adherence to diabetic self care practice

m Good Adherence 262(43.7%)
Poor Adherence 338(56.3%)
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NE Gender Age Job title

P1 Male 59 General practitioner
P2 Female 47 Social and health assistant
P3 Female 49 Biomedical laboratory scientist
P4 Female 56 Nurse

P5 Female 49 Nurse

P6 Female 61 Nurse

P7 Female 65 Nurse

P8 Female 37 Nurse

P9 Female 52 Nurse

P10 Female 55 Nurse

P11 Female 51 Nurse

P12 Female 44 Nurse

P13 Female 51 Nurse

P14 Female 44 Nurse

P15 Female 46 Nurse

P16 Female 52 Nurse

P17 Female 48 Nurse

P18 Female 44 Nurse

P19 Female 65 Nurse

P20 Female 48 Nurse

P21 Female 59 Nurse
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Themes Sub-themes

Conducting DRS in daily practice Logistics adaptations

Quick and easy screening

Problems lead to action

Team dynamics in screening

Reactions and communication on
screening results

Effective DRS implementation in Spatial and ergonomic requirements
general practice in the future

Planning and coordination needs

Staff desire for more knowledge

Screening in annual consultation

Financial conditions

Defined plan for ophthalmologist
involvement

Trust and approval of Al-assisted Approval of DRS in general practice
screening in general practice

Validity as the foundation for
technological trust and implementation

Alas a screening tool

Implications of DRS in general Increased convenience and attendance
practice

Avoidance of ophthalmology visits

Increased responsibilities in general
practice

DRS, Diabetic retinopathy screening; Al Artificial intelligence.





OPS/images/fcdhc.2025.1560907/crossmark.jpg
©

2

i

|





OPS/images/fcdhc.2025.1560907/fcdhc-06-1560907-g001.jpg
11 PUBLIC HOSPITALS IN
NORTH SHEWA ZONE

4 PUBLIC HOSPITALS SELECTED BY SIMPLE RANDOM SAMPLING

DEBRE- BERHAN
SHEWAROBIT MEHALMEDA
HOSPITAL DENBA HOSPITAL cpan HGEPriAL
referral

El

LIGIBLE PARTICIPANTS ARE IDENTIFIED FROM REGISTRATION BOOKS

PROPORTIONAL ALLPCATION TO THE SAMPLE §

SYSTEMATIC RANDOM SAMPLING
N\ Z

Total SS= 626





OPS/images/fpubh-13-1559424/fpubh-13-1559424-t004.jpg
Type of Consumable Drug cost Treatment Diagnosis = Comprehensive Other cost Medical

comorbidity cost cost cost medical service expenditure
charge

Pulmonary infection 1,802 3,148 8,593 1,812 5,598 4,015 280 23,446 1
HF 2,257 42859 5,752 1,696 4,508 2,721 110 19,646 2
AF 932 3,459 6,177 1,980 4,564 3,162 289 19,631 3
CHD 4,895 5355 5,137 2,274 4,208 2,398 82 19,454 4
Cancer 2,072 2,929 6,114 2,005 4,750 3,163 132 19,093 5
copD 1,096 2,661 6,225 1,359 4,597 3,207 114 18,163 6
a 3,351 1,879 5,642 1,689 4,255 2,695 348 16,508 7
Hypertension 14,450 3,077 4,774 1,935 3,842 2,353 148 16,129 8
Kidney disease 6,683 2,493 4,581 1,411 4425 2,324 146 15,380 9
Osteoporosis 1,527 2,728 3,879 1,948 4,182 2,327 262 15,326 10
Hyperlipidemia 5,090 2,572 4,348 1,272 3,886 1,910 92 14,080 11

HE heart failure; AF, atrial fibrillation; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; CI, cerebral infarction.
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Sex
— Male

: 1.78 (1.18, 2.69)

Female : 1.64 (1.01, 2.67)

P for interaction =0.235

Adjusted Log-RRs for in-hospital death

0.00

0.15

0.10

0.05

Age Categories

— <65 years :1.70 (1.16,2.49)
== 265 years ; 230 (1.18, 4.46)

P for interaction =0.618

Adjusted Log-RRs for in-hospital death

0.1 0.2 0.3 0.4 0.5

0.0

Kidney insufficiency

— No :2.44(1.13,5.25)
© Yes :1.32(0.97,1.79)

P for interaction =0.045

1.0
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Normal

Test Name 11/29/2023 11/30/2023 12/01/2023 12/04/2023 12/07/2023 Reference
Day 1 Day 2 Day 3 Day 6 Day 9 Ran
ge

WBC 14.23 12.03 7.50 5.46 6.57 3.5-9.5x1019/L
NEUT% 79.9 876 719 335 444 40.0-75.0%
Hb 131 126 129 148 142 130-175 g/L
PLT 285 263 178 196 203 125-350x1079/L
CRP 11.86 25.10 10.79 <10.00 <10.00 < 10.00 mg/L
PCT 0.34 035 34 0.33 - < 0.05 ng/mL
BC Negative - - - - negative
PH 7.21 7.38 7.25 7.36 7.34 7.35-7.45
Na* 127 134 133 134 138 137-147 mmol/L
K" 4.60 394 3.92 3.33 4.26 3.50-5.30 mmol/L
Glu 20.40 7.94 10.80 5.88 9.66 3.90-6.10 mmol/L
co, 6.07 19.57 1157 20.78 2383 20-30 mmol/L
BHB 6.76 0.49 6.41 0.46 0.25 <0.30 mmol/L
HbAlc 9.9 - = = = 40-6.4%

[ ALT 43.11 - - 50.00 4728 I 9-50 U/L
AST 3717 - - 51.74 43.37 15-45 U/L
TBIL 20.29 14.14 16.54 <23.00 pmol/L
TSH <0.01 = = “ = 0.60-4.40 PIU/mL
FT3 9.86 = = = = 2.25-3.58 pg/mL
FT4 >5.00 = = = = 0.85-1.38 ng/dL
TRAb 19.17 = = = = <1.75 IU/L
TgAb 10.50 - = = = <4.11 TU/mL
TPOAb >1000.00 = - - - <5.61 TU/mL
GADA positive = = = e negative

WBC, white blood cell count; NEUT%, neutrophil percentage; Hb, hemoglobins PLT, platelet count; CRP, c-reactive protein; PCT, procalcitonin; BC, blood culture; PH, blood pH; Na, sodium;
K+, potassium; Glu, glucose; CO2, carbon dioxide; BHB, B-hydroxybutyric acids HbA1c, glycated hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total
bilirubin, TSH, thyroid stimulating hormone; FT3, free triiodothyronine; T4, free thyroxine; TRAb, thyroid receptor antibodies; TgAb, thyroglobulin antibodies; TPOAb, thyroid peroxidase
antibodies; GADA, anti-glutamic acid decarboxylase antibodies.
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4,441 diabetic ketoacidosis patients were admitted to
the ICU

8 patients with an ICU stay less than 4 hours were
cxcluded;

741 patients without BUN and albumin results
during the first 24 hours or after ICU admission were
excluded;

‘ 3,692 patients were included
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Indices NFI N p

TAR, % 10.14 (3.35, 14.74) 823 (2.87,15.50) | 0.586
TIR, % 85.26 (82.39, 91.77) 86.79 (81.91,91.77) | 0.783
TBR, % 1.82 (0.77, 4.50) 2.01 (0.21, 5.26) 0.877
AG, mmol/L 7.12 £ 1.00 6.95 + 1.10 0.244
SD, mmol/L 1.90 (1.70, 2.30) 1.90 (1.60, 2.20) 0.803
MAGE, mmol/L 3.85 (3.33, 4.47) 3.72 (3.29, 4.49) 0.960
Cv, % 28.04 (24.56, 30.70) 2878 (25.25,31.56) | 0.405

TAR, time above range; TIR, time in range; TBR, time below range; AG, average glucose; SD,
standard deviation; MAGE, mean amplitude of glycemic excursion; CV, coefficient of
variation. NFI, needle-free injector; NP, Novo Pen 5. The data are presented as the mean +
standard deviation and median (quartiles 1 and 3).
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Subjects with Frequency of Grade Frequency of Grade Frequency of Grade

hypoglycemia 1 hypoglycemia 2 hypoglycemia 3 hypoglycemia
NFI 11 (17.2%) 13 1 1
NP 9 (14.1%) 11 0 0
p 0774 0676 0317 0317

NFI, needle-free injector; NP, Novo Pen 5. The data are n or n (%).
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bleeding ecchymos redness duration leakage
NFI 7 (10.9%) 9 (14.1%) 8 (12.5%) 3 (4.7%) 4(6.3%)
NP 10 (15.6%) 12 (18.8%) 8 (12.5%) 15 (23.4%) 13 (20.3%)
p 0581 0.607 1.000 0.002 0022

NEL needle-free injector; NP, Novo Pen 5. The data are n (%).
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Variable Frequency Percent (%)

Duration of follow-up in years

<1 57 141
25 191 472
6-10 102 22
11 55 136

BMI of participants

Under weight 21 52
Normal weight 208 s14
Over weight 153 378
Obese 2 57

Family history of DM
No 405 64.2
Yes 145 358

Being a member of diabetic association
No 327 80.7
Yes 7 193

Having Co morbid disease
No 217 536
Yes 188 46.4

Treatment type

Oral hypoglycemic 268 662
Insulin 17 42
Combination 120 296

Glycemia levels
<126 130 321
2126 s 67.9
Depression status

Mi

al depression 305 753
Mild depression 68 168

Moderate depression 32 79
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Variable Frequency Percent (%)

Gender
Female 216 533
Male 189 467
Age in year
<39 18 44
40-49 98 22
50-59 128 316
>60 161 398
Religion
Orthodox. 212 598
Muslims 9 23
Others* 70 173
Residence
Rural E) 81
Urban 372 919
Educational status
No formal education 108 267
Primary 133 328
Secondary 102 22
College and above 53 153
Marital status
Married 299 738
Widowed 9 121
Others” 57 141
Occupation
Daily laborer 57 141
Employed 88 27
House wife 135 33
Retired 52 128
Others® 7 18.1

Monthly income in Birr

Low n2 277
Medium 177 37
High 16 26

Family size
< 277 68.4
>5 128 316

Other' catholic, wakefeta; others': single and divorced; others* merchant, unemployment,
and farmer.
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Variable

Unadjusted

HR 95% CI

P-value

Model 1
HR 95% CI

Model 2
HR 95% CI

LnBAR *

Quartiles

QI (BAR<4.07)

Q2 (4.07<BAR<6.28)
Q3 (6.28<BAR<11.58)
Q4 (BAR211.58)

P for trend

Q1-Q2 (BAR<6.28)

Q3-Q4 (BAR>6.28)

1.89 (154, 2.34)

Reference
273 (0.87, 8.56)
3.75 (1.3, 10.86)

683 (247, 18.92)

Reference

2.95 (1.69, 5.15)

<0.001

0.086

0.015

<0.001

<0.001

<0.001

1.73 (1.38, 3.16)

Reference
2.4(0.76, 7.57)
2.57 (0.86, 7.61)

436 (1.52, 12.51)

Reference

2 (111, 3.62)

<0.001

0.139

0.093

0.007

0.001

0.024

1.82 (142, 2.34)

Reference
234 (0.74, 7.39)
2.52 (0.85, 7.47)

429 (1.49, 12.34)

Reference

199 (1.1, 3.6)

<0.001

0.151

0.1

0.008

0.001

0.025

BAR, Blood urea nitrogen to serum albumin ratio. *LnBAR was entered as a continuous variable. Crude model was adjusted for none. Model 1 = Adjusted for age, gender, ethnicity. Model 2 =
Adjusted for Model 1 + (BML heart rate, and mean artery pressure).
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Time (days) Max Youden

BAR 5 0.69 ‘ 0.33
BAR 10 0.74 0.47
BUN 5 0.63 0.25
BUN 10 0.7 ‘ 0.46

AUG, the area under the curve; BAR, blood urea nitrogen to serum albumin ratio; BUN, blood
urea nitrogen.
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Variables All patients BAR quartiles

Q1 (<4.07) Q2 (4.07-6.28) Q3 (6.28-11.58) Q4 (>11.58)
N=921 N=925 N=922 N=924

Age, years B6+173 | 36+127 37.5+15.1 489 + 16.4 544+ 159 <0.001
Male, n (%) 1793 (48.6) 398 (43.2) 429 (46.4) 478 (51.8) 488 (52.8) <0.001
Ethnicity, n (%) 0.002

African American 582 (15.8) 162 (17.6) 130 (14.1) 135 (14.6) 155 (16.8)

Caucasian 2578 (69.8) 598 (64.9) 684 (73.9) 660 (71.6) 636 (68.8)

Asian and others 532 (14.4) 161 (17.5) 111 (12.0) 127 (13.8) 133 (14.4)
BMI, kg/m* 26.1+74 259 +7.5 254+ 68 265+ 7.6 266+75 <0.001
Heart rate, bpm 114.2 £239 115.1 +22.4 116.3 + 224 1139 +23.0 1115 +27.0 <0.001
MAP, mmHg 82.0 +36.2 794 + 30.6 77.2£312 84.1 +38.2 87.3+ 428 <0.001

Comorbidities during ICU stay, n (%)

Infectious disease 244 (6.6) 26 (2.8) 37 (4.0) 56 (6.1) 125 (13.5) <0.001

Neurological diseases 227 (6.1) 31 (34) 26 (2.8) 68 (7.4) 102 (11.0) <0.001
AMI 95 (2.6) 4(04) 5(0.5) 31 (3.4) 55 (6.0) <0.001
Hypertension 409 (11.1) 61 (6.6) 75 (8.1) 106 (11.5) 167 (18.1) <0.001
CHF 85 (2.3) 0(0.0) 5(0.5) 25 (27) 55 (6.0) <0.001
CKD 294 (8.0) 10 (1.1) 26 (2.8) 69 (7.5) 189 (20.5) <0.001
Diabetes <0.001

Type I 139 (3.8) 35 (3.8) 49 (5.3) 35 (3.8) 20 (2.2)

Type I 69 (1.9) 13 (1.4) 8(09) 20 (2.2) 28 (3.0)

Unknown 3484 (94.4) 873 (94.8) 868 (93.8) 867 (94.0) 876 (94.8)
Laboratory results

BUN, mg/dl 240 (16.0-38.0) 12.0 (9.0-15.0) 20.0 (17.0-23.0) 30.0 (25.0-35.0) 56.0 (44.0-74.0) <0.001

Sodium, mEq/l 1320 £ 69 1332+48 1323+ 54 1322165 130.3 £ 9.6 <0.001

Potassium, mEq/l 48+ 1.0 44108 4.7 +08 49+ 1.0 5212 <0.001

ALT, u/L 25.0 (17.0-40.0) 24.0 (16.0-39.0) 26.0 (17.0-39.0) 250 (17.8-40.2) 25.0 (16.0-40.0) 0320

Glucose, mg/dl 505.0 4185 497.0 563.5 576.0 <0.001

(382.0-659.0) (319.0-537.2) (397.0-615.0) (427.2-711.8) (430.2-781.2)

WBC, k/ul 14.8 £ 8.0 127 £6.1 147£79 157 £ 82 163+92 <0.001

€GFR, mL/min per 61.0 (35.0-96.0) | 103.0 (78.0-126.0) 77.0 (57.0-105.0) 50.0 (36.0-70.0) 24.0 (15.0-37.0) <0.001
173 m*

Hemoglobin, g/dl 135 +26 147 +2.1 143422 134 +24 118 £27 <0.001

Albumin, g/dl 37%08 41+£07 4.0 £07 3607 3.0£07 <0.001

Bicarbonate, mEq/L 16.0 + 6.4 149 £ 6.0 16.0 + 6.3 16.8 £ 6.6 162+ 65 <0.001
IVU, n (%) 294 (44) 12 (1.3) 12 (13) 46 (5.1) 109 (12.1) <0.001
Dialysis, n (%) 89 (2.5) 1(0.1) 4(04) 20 (2.2) 64 (7.1) <0.001
GCS 135 +35 14327 14.1£30 135 +3.6 123 +43 <0.001
Death, n (%) 86 (2.4) 4(04) 4(0.4) 20 (2.2) 58 (6.4) <0.001

BMI, body mass index; MAP, mean arterial blood pressure; AMI: acute myocardial infarction; CHE, congestive heart failure; CKD, chronic kidney disease; BUN, blood urea nitrogen; ALT,

alanine aminotransferase; WBC, white blood cell count; eGFR, estimated glomerular filtration rate; IVU Invasive ventilation use; GCS, Glasgow coma scale.






