ISSN 25449338

5 INTERNATIONAL
JOURNAL OF
INNOVATIVE
TECHNOLOGIES IN

SOCIAL SCIENCE

Scientific Edition

ARTICLE TITLE

ARTICLE INFO

DOI

RECEIVED
ACCEPTED

PUBLISHED

LICENSE

© The author(s) 2025.

: Scholarly Publisher
International Journal of RS Global Sp. 2 0.0,

Innovative Technologies in  ISNI: 0000 0004 8495 2390
Social Science

Dolna 17, Warsaw,
Poland 00-773

e-ISSN: 2544-9435 +48 226 0227 03
editorial office@rsglobal.pl

SMART CARE FOR DIABETES: INTEGRATING TECHNOLOGY AND
LIFESTYLE FOR BETTER OUTCOMES

Aleksandra Maciejczyk, Katarzyna Krupa, Weronika Glowacz, Janusz
Swieczkowski-Feiz. (2025) Smart Care for Diabetes: Integrating Technology and
Lifestyle for Better Outcomes. International Journal of Innovative Technologies
in Social Science. 3(47). doi: 10.31435/ijitss.3(47).2025.3519

https://doi.org/10.31435/ijitss.3(47).2025.3519
23 June 2025

06 August 2025

08 August 2025

The article is licensed under a Creative Commons Attribution 4.0
International License.

This article is published as open access under the Creative Commons Attribution 4.0 International License (CC
BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the content to be copied, adapted,
displayed, distributed, republished, or reused for any purpose, including adaptation and commercial use, as long
as proper attribution is provided.



3(47) (2025): International Journal of Innovative Technologies in Social Science

SMART CARE FOR DIABETES: INTEGRATING TECHNOLOGY
AND LIFESTYLE FOR BETTER OUTCOMES

Aleksandra Maciejczyk (Corresponding Author, Email: aleksandra.maciejczyk@wum.edu.pl)
Department of Experimental and Clinical Pharmacology, Medical University of Warsaw, 02-097 Warsaw,
Poland

ORCID ID: 0009-0008-5709-0269

Katarzyna Krupa
Wolski Hospital in Warsaw, 01-211 Warsaw, Poland
ORCID ID: 0009-0006-3120-8631

Weronika Glowacz
Czerniakowski Hospital in Warsaw, 00-739 Warsaw, Poland
ORCID ID: 0009-0009-5481-9509

Janusz Swieczkowski-Feiz

Department of Medical Communication, School of Public Health, Medical Center for Postgraduate
Education, 01-813 Warsaw, Poland

ORCID ID: 0009-0008-0445-2852

ABSTRACT

Diabetes mellitus remains a global health challenge, with increasing prevalence and significant complications, particularly
in type 2 diabetes (T2D). Lifestyle factors such as diet, physical activity, and stress are critical in both the prevention and
management of the disease. Simultaneously, medical technologies are transforming diabetes care by enabling more precise
glycemic control.

This review synthesizes findings from 26 studies published between 2010 and 2025, selected via structured searches of
PubMed, Scopus, and Web of Science. Four independent reviewers screened the titles. The review was conducted in
accordance with PRISMA 2020 guidelines.

Evidence supports that dietary approaches (like low-carbohydrate, Mediterranean, and personalized nutrition) are effective
in improving glycemic outcomes. Structured aerobic and resistance exercise programs are associated with significant
reductions in HbAlc and improved insulin sensitivity. Stress management techniques, such as mindfulness-based
interventions, offer additional psychological and metabolic benefits. CGM and insulin pump therapies, especially in hybrid
closed-loop systems, significantly improve glycemic metrics and patient-reported outcomes. Al applications show promise
in insulin titration and risk prediction, though integration into clinical practice requires further research.

In conclusion, integrating lifestyle modifications with medical technologies offers the greatest potential for optimizing
diabetes care. Future efforts should focus on personalized approaches and equitable access to advanced therapies.
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Introduction.

Diabetes mellitus is a complex metabolic disease characterized by chronic hyperglycemia due to defects
in insulin secretion and action. It is defined as a heterogeneous group of disorders characterized by
hyperglycemia and glucose intolerance (Chatziravdeli et al., 2023). The global prevalence of diabetes is rising
(over 460 million adults worldwide) and most cases are type 2 diabetes (T2D), driven by both genetic and
modifiable environmental factors (Chatziravdeli et al., 2023). Lifestyle factors — diet, physical activity, and
stress — strongly influence the development and progression of diabetes (Aune et al., 2015; Boushey et al.,
2020). Healthy dietary patterns rich in vegetables, fruits and whole grains and low in red/processed meats and
sweets have been associated with a substantially reduced risk of incident T2D (Boushey et al., 2020). Likewise,
higher levels of regular physical activity lower diabetes risk (for example, one meta-analysis found ~35%
lower T2D incidence in the most active vs. least active adults) (Aune et al., 2015). Psychological stress also
plays a key role: acute stress responses raise blood glucose and chronic stress (via sustained cortisol,
inflammation, and unhealthy behaviors) is linked to higher incidence of T2D (Hackett & Steptoe, 2017). In
parallel, advances in diabetes technology — notably continuous glucose monitoring (CGM), insulin pump
therapy, and artificial intelligence (Al) decision-support — are transforming management. Recent trials show
that CGM significantly improves glycemic control (expanding time-in-range and reducing HbAlc) in both
type 1 and type 2 diabetes (Maiorino et al., 2020), while continuous subcutaneous insulin infusion (CSII,
insulin pump) can yield better HbA lc than multiple injections in many patients (Chatziravdeli et al., 2023).
Al-driven tools (for example, automated insulin dosing algorithms in closed-loop “artificial pancreas”
systems) are emerging as effective supports, allowing more precise insulin titration and easing clinical
workloads (Guan et al., 2023; Nimri et al., 2020).

Methodology

This narrative review synthesizes current evidence on the impact of diet, physical activity, stress, and
emerging technologies on the prevention and management of diabetes mellitus, with a focus on type 2 diabetes
(T2D). The review was conducted in accordance with the PRISMA 2020 guidelines (Page et al., 2021). A structured
literature search was performed in PubMed, Scopus, and Web of Science databases covering the years 2010-2025,
using combinations of terms such as “type 2 diabetes,” “diet,” “nutrition,” “physical activity,” “exercise,” “stress,”
“psychological factors,” “continuous glucose monitoring,” “insulin pump,” “artificial intelligence,” and “closed-
loop system.” Boolean operators and search syntax were adapted to each database.

Only peer-reviewed, full-text articles published in English were included. Priority was given to
systematic reviews, meta-analyses, randomized controlled trials, and large observational studies. Additional
studies were identified through reference and citation tracking. A total of 26 articles was included based on
relevance, methodological quality, and contribution to the thematic scope of this review.

All records were imported into EndNote X9 for deduplication. Four independent reviewers screened the
titles, abstracts, and full texts according to predefined inclusion criteria. Any discrepancies were resolved
through discussion.

Data were manually extracted and categorized into four thematic domains: (1) dietary interventions, (2)
physical activity, (3) psychosocial stress and stress management, and (4) technological innovations in diabetes
care. Studies were appraised based on the strength and consistency of evidence, with emphasis on clinical
outcomes such as changes in HbAlc, glycemic variability, insulin sensitivity, and patient-reported outcomes.

99 ¢ 29 ¢,

Results

Impact of Diet on Diabetes

Diet profoundly affects both the risk of developing diabetes and glycemic control in those with disease.
Epidemiological evidence indicates that “healthy” dietary patterns high in plant foods and low in processed foods
significantly lower diabetes risk (Boushey et al., 2020). For example, diets emphasizing vegetables, fruits, and
whole grains (and minimizing red/processed meat, refined grains, and added sugars) have been shown to reduce the
risk of type 2 diabetes in adults (Boushey et al., 2020). In contrast, Western-style diets rich in saturated fat, sugar
and refined carbohydrates contribute to obesity and insulin resistance, accelerating diabetes onset. Interventional
trials have tested specific diets for diabetes management. Meta-analyses indicate that several dietary approaches can
improve glycemic metrics: Mediterranean, low-carbohydrate (including ketogenic), low—glycemic index (GI), and
high-protein diets have all yielded significant reductions in HbA 1¢ and/or fasting glucose when compared to control
diets (Ajala et al., 2013; Jing et al., 2023). For instance, one recent network meta-analysis found that ketogenic (-
0.73% HbA1c), low-carbohydrate (-0.69%), and even low-fat diets (-1.82%) significantly reduced HbAlc, while
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Mediterranean and moderate-carbohydrate diets also improved fasting glucose (Jing et al., 2023). Notably, no one
diet is optimal for all patients: weight loss (through caloric restriction) often drives much of the glycemic benefit,
and the “best” macronutrient mix varies by individual. Emerging evidence suggests that personalized nutrition —
tailoring diet based on genetics, microbiome, and personal metabolic profile — may outperform one-size-fits-all
advice. Reviews highlight that individualized dietary plans, informed by genetic and gut-microbiome data, lead to
greater improvements in metabolic health than standard dietary advice (Zeinalian et al., 2022). Overall, current
guidelines support a flexible strategy: encourage healthy eating patterns (e.g. Mediterranean-style diet) rich in fiber
and low-GI carbohydrates, but adapt the diet to patient preferences, tolerances, and responses (Ajala et al., 2013;
Jing et al., 2023).

Physical Activity and Diabetes

Regular physical activity is protective against diabetes and is a cornerstone of diabetes care. Numerous
cohort studies and meta-analyses have confirmed that higher levels of daily activity (even moderate-intensity
exercise) substantially lower future T2D risk (Aune et al., 2015). For example, a dose-response review found
that individuals in the highest activity category had about 35% lower incidence of T2D compared to the least
active, with benefits seen across leisure, occupational, and vigorous exercise (Aune et al., 2015). Exercise
programs also improve control for those with established diabetes. Clinical trials and systematic reviews show
that structured aerobic and resistance training significantly improve glycemic control. One consensus review
noted that regular aerobic exercise training can reduce HbAlc by roughly 0.5-0.7% in adults with T2D
(Kanaley et al., 2022), on top of other benefits in insulin sensitivity, lipid levels, blood pressure and fitness.
Resistance exercise likewise enhances insulin sensitivity and often boosts strength and lean mass, contributing
to lower HbA1lc when combined with aerobic activity (Kanaley et al., 2022).

The physiological mechanisms are well described. During muscle activity, glucose uptake into skeletal
muscle increases via insulin-independent pathways (muscle contraction—stimulated GLUT4 translocation),
lowering blood glucose acutely (Kanaley et al., 2022). Over time, regular exercise improves insulin sensitivity
in both muscle and liver, preserves B-cell function, and modulates adipokines and inflammatory profiles
(Kanaley et al., 2022). For example, a single bout of high-intensity interval exercise (HIIE) can markedly lower
post-meal glucose spikes, and short-term training regimens can enhance mitochondrial function and insulin-
stimulated glucose disposal (Grace et al., 2017; Kanaley et al., 2022). These combined effects of physical
activity yield better glycemic control, reduced insulin requirements, and lower cardiovascular risk. In
summary, promoting daily exercise (aerobic, resistance, or combined) is strongly supported: more active
individuals are far less likely to develop T2D (Aune et al., 2015), and exercise programs measurably improve
HbA ¢ and insulin action in patients with diabetes (Kanaley et al., 2022).

Stress and Diabetes

Psychological stress is increasingly recognized as a factor in both the onset and progression of diabetes. Acute
stress triggers the release of cortisol, adrenaline, and glucagon, mobilizing glucose and lipids into the bloodstream.
While adaptive in the short term, chronic or repeated stress can lead to allostatic overload, dysregulating glucose
metabolism and promoting inflammation (Hackett & Steptoe, 2017). Epidemiological evidence has linked chronic
stress, depression, and traumatic life events to a higher risk of incident T2D (Hackett & Steptoe, 2017). For example,
population studies show that individuals with sustained high cortisol output or with a history of work stress or early
adversity are more likely to develop type 2 diabetes later in life (Hackett & Steptoe, 2017). Stress can also indirectly
worsen diabetes by impairing diet and exercise habits and by reducing medication adherence. Conversely, in people
with existing diabetes, comorbid depression and “diabetes distress” are consistently associated with poorer glycemic
control and more complications (Hackett & Steptoe, 2017).

Stress management interventions show promise in alleviating these effects. Mind-body therapies such as
mindfulness, meditation, cognitive-behavioral stress management, and relaxation techniques have been tested in
randomized trials. A recent meta-analysis found that mindfulness-based interventions produced modest but
significant benefits: on average they lowered HbAlc by about 0.25% and significantly reduced measures of stress,
depression, and diabetes-related distress (Ni et al., 2021). In that review of eight RCTs (841 patients), participants
receiving mindfulness training had better psychological outcomes and slightly better glycemic control than controls.
Thus, integrating stress-reduction strategies (mindfulness training, counseling, exercise, etc.) into diabetes care can
yield small improvements in blood glucose and importantly improve mental well-being (Ni et al., 2021). More
research is still needed on long-term impacts, but current evidence supports including psychosocial support as a
standard component of diabetes management.
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Advancements in Insulin Delivery

The earliest attempts to treat diabetes using herbal remedies or dietary modifications can be found in ancient
sources from various cultures, including Egyptian, Greek, Arabic, and Chinese texts (Karamanou et al., 2016).
However, it was not until the discovery and isolation of insulin in 1921 that the pharmacological management of
diabetes was revolutionized (Mudaliar, 2023). In the decades that followed, additional antidiabetic agents were
developed — such as metformin, sulfonylureas, GLP-1 receptor agonists, and SGLT2 inhibitors — most of which
have been incorporated into treatment regimens for type 2 diabetes (White, 2014). Due to the pathophysiology of
type 1 diabetes, however, patients with this condition require lifelong insulin therapy.

The initial methods of insulin administration relied on subcutaneous injections via syringes, demanding
significant precision and discipline from patients. Advancements in medical technology led to the introduction of
insulin pens, which simplified administration but still necessitated multiple daily injections (MDI) (Selam, 2010).
In the late 1970s, the first insulin pump available for patient use — the AutoSyringe AS-2C — was introduced. Since
then, insulin pumps have become increasingly accessible, user-friendly, and functionally advanced.

Clinical studies demonstrate that insulin pump therapy improves glycemic control and reduces the risk of
complications compared to MDI in both type 1 and type 2 diabetes. For instance, a cohort study by Karges et al.
(Karges et al., 2017) involving patients under the age of 20 with type 1 diabetes found that insulin pump users had
lower rates of hypoglycemia and diabetic ketoacidosis, along with better glycemic control (Karges et al., 2017).
Similarly, a study by the Department of Veterans Affairs Implantable Insulin Pump Study Group, which examined
patients aged 40—69 with type 2 diabetes, reported that pump therapy resulted in fewer glucose fluctuations and
hypoglycemic episodes (Saudek et al., 1996). Furthermore, patients using insulin pumps did not experience the
weight gain often associated with MDI and reported an improved quality of life (Saudek et al., 1996).

Insulin pump therapy is also associated with reduced cardiovascular mortality. Research by Steineck et
al. (Steineck et al., 2015) showed that, among patients with type 1 diabetes, insulin pump use significantly
decreased the risk of fatal coronary heart disease, fatal cardiovascular events, and all-cause mortality compared
to MDI. This benefit is attributed to more stable glycemic levels achieved with pump therapy, which in turn
reduces the frequency of hypo- and hyperglycemic episodes—both known risk factors for cardiovascular
complications (Steineck et al., 2015).

Patient education remains a cornerstone of effective diabetes management. A study conducted by the
Department of Oncology and Metabolism at the University of Sheffield compared insulin pump therapy with MDI
in type 1 diabetes patients who had received training in flexible insulin dosing. The findings emphasized that, with
adequate education, both treatment modalities can enhance glycemic control and quality of life (Group, 2017).

In conclusion, insulin pump therapy offers superior glycemic control, reduced risk of complications, and
enhanced quality of life for individuals with type 1 and type 2 diabetes. The future of diabetes treatment lies
in automation and the development of artificial pancreas systems. Nevertheless, comprehensive patient
education and sustained engagement remain critical for achieving optimal outcomes.

Discussion

Recent advances in diabetes care, particularly the integration of continuous glucose monitoring (CGM),
insulin pumps, and artificial intelligence (Al), have significantly transformed disease management for both
type 1 and type 2 diabetes. CGM systems, now widely adopted, have been shown to improve glycemic control
by increasing time-in-range and reducing HbAlc and hypoglycemia episodes, especially in insulin-treated
individuals (Galaviz et al., 2018; Kwon & Moon, 2025). Similarly, insulin pump therapy offers more precise
and flexible insulin delivery than multiple daily injections (MDI), with studies reporting better metabolic
outcomes, fewer glucose excursions, and improved quality of life.

Al tools are emerging as important decision-support systems in diabetes care. Algorithms can optimize
insulin dosing, predict hypoglycemia, and personalize treatment regimens. Early evidence suggests that Al-based
management may be comparable to expert clinician-led care in specific settings (Guan et al., 2023). However,
challenges remain in clinical integration, especially regarding data privacy, validation, and accessibility.

At the same time, the role of lifestyle factors remains foundational. Dietary patterns rich in fiber, whole
grains, and plant-based foods, and low in saturated fats and refined carbohydrates, are associated with
improved glycemic control and reduced risk of type 2 diabetes (Yeh et al., 2023). Structured physical activity—
both aerobic and resistance training—has been shown to reduce HbAlc and enhance insulin sensitivity, with
even moderate exercise conferring measurable benefits (Galaviz et al., 2018; Ribeiro et al., 2023; Yeh et al.,
2023). Chronic stress and depression are also important contributors to poor glycemic outcomes, and stress-
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reduction strategies such as mindfulness or cognitive-behavioral therapy show modest but significant
improvements in HbA 1c and psychological well-being (Mirmira et al., 2023).

The clinical implication is clear: optimal diabetes management must integrate both technological
innovation and behavioral strategies. Technologies like CGM and closed-loop systems should be tailored to
patient needs, supported by structured education, and integrated into multidisciplinary care. Future research
should focus on improving access to these tools, validating Al applications in broader populations, and
combining digital platforms with personalized lifestyle interventions. Importantly, healthcare systems must
address disparities in access to these technologies, ensuring that advances benefit all patient groups—not just
those with the best resources. By embracing both smart tools and human-centered care, the future of diabetes
management can become more precise, effective, and equitable.

Summary

Recent evidence highlights that both lifestyle and technology are crucial in diabetes prevention and care.
Healthy lifestyle modifications have powerful effects: balanced, plant-rich diets and regular exercise
significantly reduce the risk of developing type 2 diabetes (Aune et al., 2015; Boushey et al., 2020) and
improve outcomes in those with disease. Stress management interventions can additionally improve
psychological well-being and produce small glycemic gains (Ni et al., 2021). At the same time, modern
medical technologies markedly enhance management: CGM and insulin pumps consistently improve glycemic
metrics compared to traditional methods (Maiorino et al., 2020), and Al-driven systems are beginning to
automate and optimize insulin therapy without loss of safety or efficacy (Nimri et al., 2020). In practice, the
best diabetes care will combine these approaches: a personalized diet and exercise plan, attention to mental
health, and smart use of devices and data.

Future research should focus on testing tailored lifestyle programs, evaluating stress-reduction methods,
and assessing new technologies in real-world settings. Integrating digital tools with lifestyle support and
addressing access and cost-effectiveness are key. A personalized approach combining behavioral strategies
with modern technologies holds the greatest potential to improve glycemic control and reduce complications
(Boushey et al., 2020; Maiorino et al., 2020).
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