Metabolism Open 20 (2023) 100262

Contents lists available at ScienceDirect

S
Metabolism Open e —

journal homepage: www.sciencedirect.com/journal/metabolism-open

ELSEVIER

Check for

Effectiveness of a hybrid technology enabled care model as measured by = [&&s
ICHOM standard set on established and managed type 2 diabetes already
using medications: A RWE retrospective study

Thsan Almarzooqi, Hala Zakaria , Sofia Aleabova, Milena Caccelli, Cigdem Ozkan, Judith Skaf,
Jestoni Bangayan, Dianne Catapang, Zeinab Jaafar, Ali Hashemi, Yousef Said

GluCare Integrated Diabetes Center, 268 Al Wasl Road, Jumeirah 1, Dubai, United Arab Emirates

ARTICLE INFO ABSTRACT

Keywords: Aims: Diabetes is a pressing global health issue, demanding innovative strategies for improved treatment.
Remote Continuous Data Monitoring However, traditional care often falls short of patient goals. To address this, digital health solutions, including
Diabetes

smartphone apps and remote monitoring, have emerged as crucial in diabetes management. This study aims to
assess a comprehensive intervention, combining remote continuous data monitoring (RCDM) with in-clinic care,
for enhancing diabetes-related outcomes. Additionally, it seeks to evaluate the effectiveness of the digital RCDM
component by comparing adherent and non-adherent patients.

Methods: Conducted in the United Arab Emirates, a retrospective study involved 89 patients primarily on anti-
diabetic medications. They were split into two groups based on adherence to RCDM. Over time, significant
improvements were observed across various parameters.

Results: Notably, patients exhibited weight loss (—4.0 + 5.3, p < 0.001), reduced waist circumference (—4.74 +
7.8, p < 0.001), lowered HbAlc levels (—1.00 + 1.3, p < 0.001), decreased systolic BP (—3.1 + 13.1, p = 0.035),
and diminished diastolic BP (—3.4 £+ 9.9, p = 0.002) annually. Furthermore, patients adhering to the GluCare
model demonstrated substantial HbAlc reductions (—1.53 + 1.5, p < 0.001), improved lipid profiles, notably
decreased total Cholesterol (—16.6 + 50.3, p = 0.034), and lowered LDL levels (—18.65 + 42.6, p = 0.006).
Conclusions: The intervention model effectively managed T2D patients through a comprehensive approach,
yielding notable improvements in HbAlc levels and other outcomes within a year. The study underscores the
limitations of traditional care and reliance simply on pharmacotherapy, and emphasizes the need for a hyper-
personalized, and continuous approach for T2D management.
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1. Introduction over time [2]. In the United Arab Emirates (UAE), a country with access

to considerable healthcare resources, over 75 % of diabetic patients are

Diabetes presents a significant global health challenge, impacting an
estimated 463 million adults and an increasing proportion of the
younger population worldwide [1]. Type 2 diabetes (T2D) accounts for
approximately 90 % of all diabetes cases and its prevalence is on the rise,
placing a substantial burden on affected individuals and straining
healthcare systems worldwide [1]. Despite the advancements made in
antidiabetic medications and diabetes technologies, a significant pro-
portion of individuals with diabetes do not reach their treatment goals,
leading to suboptimal clinical results and a worsened disease prognosis
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classified as poorly controlled, with the largest diabetes provider
reporting an average HbAlc of 7.4 % [3]. A complex landscape of in-
dividual, social, and systemic factors hinder the effective management
of diabetes, namely the lack of patient knowledge, education, treatment
compliance and behavioral change, lack of continuous patient man-
agement which is necessary for a time-intensive chronic disease like
diabetes, and lack of adequate and equitable insurance coverage of
valuable diagnostic and self-management tools such as novel diabetes
technology, for which cost is a major access barrier [4].
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The integration of technology such as smartphone apps, telemedi-
cine, and medical devices has emerged as a cost-effective and scalable
option to enhancing patients’ engagement in their care, enabling better
self-management, facilitating lifestyle modification, supporting contin-
uous patient-provider communication, and allowing the integration of
more data-points into the care plan [5]. Many digital solutions have
been shown to have significant impacts on diabetes related outcomes
including HbA1c levels [6]. In a systematic review by Greenwood DA.
et al. [7], the utilization of technology-driven self-management solu-
tions for diabetes was shown to lead to a notable reduction in Alc levels
in type 2 diabetes patients [7]. Moreover, the most effective in-
terventions were found to be those that incorporated a feedback system
between patients and their healthcare providers [7]. These systems also
often involved patient health data analysis, personalized educational
content, and individualized feedback [7]. In recent years, there has been
an increase in the number of point-solution companies offering con-
nected diabetes care solutions [8]. Despite their promising applications,
several barriers to adoption persist in clinical practice. These barriers
include high costs, lack of insurance coverage, and patients’ limited
knowledge and comfort with usage of technology. Challenges faced by
healthcare providers include limited appointment time, lack of inte-
gration within the electronic medical records, insufficient supportive
staff (e.g., diabetes educators, nurses, dietitians), and lack of incentives
to adopt such technologies, among other barriers [9]. Few studies have
explored the effectiveness of technology-enabled diabetes management
programs [7,10,11]. Recognizing the barriers, this study aims to test the
effectiveness of a whole system intervention that combines remote
continuous data monitoring (RCDM) with an in-clinic management
model in improving diabetes-related outcomes. This study also aims to
test the effectiveness of the digital RCDM component of the care model
by comparing patients who were adherent to the RCDM versus those
who were not.

2. Methodology
2.1. Overview of GluCare intervention model

The program was provided by a medical health facility (GluCare
Integrated Diabetes Center, Dubai, UAE). The intervention program
under study comprises two synergistic components: an in-clinic, human-
delivered aspect and a continuous digital monitoring aspect termed
Remote Continuous Data Monitoring (RCDM) [12]. This integrated
approach is specifically tailored to foster the behavioral changes
required for effective diabetes management between in-clinic visits.

2.1.1. In-clinic component

Following the American Diabetes Association’s standards of care, the
in-clinic component provides personalized consultations with an
assigned healthcare team, including physicians, dietitians, diabetes
nurse educators, and health coaches. Key to this aspect are remote
pharmacotherapy titrations, particularly concerning multidose medi-
cations like GLPs. Consent was obtained from all participants prior to the
study, ensuring the collection and evaluation of all protected health
information in a Health Insurance Portability and Accountability Act
(HIPAA)-compliant manner.

2.1.2. Remote continuous data monitoring

The RCDM complements in-clinic care with real-time, continuous
tracking and analysis of various diabetes-related parameters, such as
glucose levels via Continuous Glucose Monitoring (CGM), sleep quality,
food and physical activity logs, and body weight measures. This digital
component involves a combination of mobile app technology, live and
remote personalized coaching from health coaches, consultations with
nurse educators, dietitians, and board-certified endocrinologists for
medication management. Participants log meals through the app,
receiving dietitian feedback to enhance their understanding of
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macronutrients and carbohydrate counting. Physicians provide feed-
back and adjust prescriptions as necessary, often within days of initi-
ating the program, and the healthcare team reviews the data daily.

2.1.3. Educational outreach

A vital aspect of the program is educational content, delivered
through an accredited curriculum (QISMET, United Kingdom). Visual
and text cards tailored to individual health conditions are sent period-
ically over the 12-months period.

2.2. Study design and participants

This is a retrospective observational study which involved the
extraction and analysis of medical records for GluCare patients who fit
the following inclusion criteria:

@ Patients Diagnosed with T2D Mellitus

@ Patients who were previously managed by a UAE based healthcare
provider and were already on antidiabetic medication (oral antidi-
abetic drugs, insulin, and/or GLP-1)

@ Patients who have been under the GluCare model of care for a
minimum period of 12 months

2.3. Metrics for participants’ adherence to the GluCare model

The following metrics were used to assess patients’ adherence, pa-
tients were considered adherent if 2 out of the 3 criteria below were met:

1. Communication with a coach/physician/dietician/educator at least
once every 2 weeks via the chat function on the app, phone call or
online consultation.

2. A minimum of 1 body weight reading received on the app for every
30-day period.

3. CGM/Blood Glucose Monitoring (BGM) readings continuously over a
single 30-day period collected.

2.4. Data collection

The data was extracted from the physicians’ patient records (at
baseline and annually) using the Electronic Medical Record (EMR)
(Diamond, Hicom, UK), and categorized based on the International
Consortium for Health Outcomes Measurement (ICHOM) set scales of
measures [13]. Variables collected included: patients’ gender, age,
ethnicity, weight, height, waist circumference, diabetes duration, cur-
rent diabetes-related drug intake, anti-hypertensive drug intake, statin
drug intake, physical activity and physical function. Laboratory vari-
ables were also extracted including lipid profile (total cholesterol, LDL,
HDL, and triglycerides), TSH, and HbAlc. Mental health scores were
assessed using 3 standards: the World Health Organization-5 score
(WHO-5), Problem Areas in Diabetes Questionnaire (PAID) and Patient
Health Questionnaire-9 (PHQ9). The WHO-5 is a self-reporting measure
of mental being with scores ranging from 0 to 25, with O representing the
worst possible quality of life and 25 representing the best possible
quality of life [14,15]. PAID is a 20-item screening instrument for clin-
ical and research use designed to measure emotional responsiveness
specific to DM as opposed to general emotional distress. The items are
rated on a 5-point Likert scale and cover treatment-related issues (three
items), food-related problems (three items), social support-related
problems (two items), and DM-related emotional distress (12 items).
Total scores are multiplied by 1.25 to give a score with the range of
possible scores being 0-100 (with higher scores indicating greater
emotional distress) [16]. The PHQ9 is a self-administered questionnaire
of the Primary Care Evaluation of Mental Disorders diagnostic tool for
common mental illnesses, Total scores of 27 is given (higher scores in-
dicates greater risk) [17]. Adherence to diet, exercise, blood glucose
(BG) monitoring, and medications were assessed using the ICHOM set of
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measures. A score 1-10 was given for each patient individually from the
healthcare team. A score 1 indicates “not adherent” and a score of 10
indicates “fully adherent”, the higher the score indicates how well the
patient adhered to different parameter [13]. Adherent to diet score was
assessed by the Dietitian on how well the patient stick to the dietary
advice. Adherence to exercise was assessed by the lifestyle coach to
wither the patient sticked to exercise advice. As for adherence to blood
glucose monitoring, the score was assessed either by the physician or
diabetic educator on how well the patient sticked to blood glucose
monitoring. Lastly, adherence to medication was assessed by the
physician on how well the patient sticked to the prescribed medication
and/or insulin regimen. Lastly, Blood pressure and statin therapy were
recorded. Blood pressure treatments encompass patients who were on
medications to treat their hypertension condition. Treatments include
whether the patient was on either ACE inhibitor or beta-blockers.

2.5. Statistical analysis

Data were analyzed using SPSS software, version 29.0 (SPSS, Chi-
cago, IL, USA). Continuous data like age, weight and laboratory values
were expressed as means and standard deviations (SD) and categorical
data like ethnicity, diabetes type and diabetes treatment were expressed
as counts and percentages. The Paired T-test was used to compare be-
tween variables at baseline and annually, and to compare pre and post
intervention outcomes. The P values at <0.05 were considered statisti-
cally significant.

3. Results
3.1. Overadll patients demographics and characteristics

Table 1 provides an overview of the main characteristics of patients
with T2D. The mean age of participants was 49.6 years, most of the
participants were males (68.5 %) and Asians (43.8 %). Diabetes duration
ranged between 0 and 10 (77.5 %), 11-20 (13.5 %) and 21-30 (9.7 %)
years. Every patient was managed by an existing UAE-based traditional
care provider before intake with the majority already using anti-diabetic
medications.

3.2. Overadll patients characteristics baseline vs. annually

Over the course of the study, significant changes were observed in
several parameters (Table 2). Patients experienced a considerable
reduction in weight (—4.0 kg), BMI (—1.32 kg/mz), and waist circum-
ference (—4.74 cm), indicating improvements in their body composi-
tion. Additionally, there was a significant decrease in HbAlc levels
(—0.82 %). Moreover, systolic blood pressure (—3.1 mmHg), diastolic
blood pressure (—3.4 mmHg) and HDL cholesterol levels (+3.58 mg/dl)
also showed significant improvements. However, changes in total
cholesterol, LDL cholesterol, triglycerides, TSH, eGFR, and albumin/
creatinine ratio were not statistically significant.

3.3. Mental health and adherence scores among participants (n = 89)

The table below presents the results of mental health scores and
adherence to various aspects of diabetes management among the study
participants (Table 3). The WHO-5 scores, representing quality of life,
showed a significant improvement from 23.56 + 1.1 at baseline to 24.60
+ 0.7 annually (p < 0.0001). Similarly, emotional distress measured by
the PAID and PHQO9 scores decreased over time, indicating improved
mental well-being. Additionally, the participants demonstrated sub-
stantial enhancements in adherence to diet, exercise, blood glucose
monitoring, and medication, as reflected by significant increases in
adherence scores.
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Table 1
Overall patients demographics and characteristics (n = 89).
Variable n (%)
Age, (mean + SD) 49.66 + 11.2
Gender, n (%)
Female 28 (31.5)
Male 61 (68.5)
Ethnicity
Asian 39 (43.8)
Arab 37 (41.6)
Caucasian 6 (6.7)
European 6 (6.7)
African 1(1.1)
Tertiary Education 89 (100)
Social Support - partner/spouse/family/friend 89 (100)
Smoking Status
Not Smoking 74 (83.1)
Smoking (Cigarettes/shisha) 8 (9.0)
Passive 2(2.2)
Stopped 5(5.6)
Diabetes Duration, (years)
0-10 69 (77.5)
11-20 12 (13.5)
21-30 7 (7.9)
Blood Pressure Treatment
No 56 (62.9)
Yes 33(37.1)
Statin Treatment
No 30 (33.7)
Yes 59 (66.3)
Table 2
Overall patients characteristics at baseline and annually (n = 89).
Variable Baseline (n Annually (n Mean p-value
= 89) =89) difference
Weight (kg) 84.89 + 80.54 + 16.6 —4.0+5.3 <0.001*
19.53
BMI (kg/mz) 29.04 £ 5.3 27.71 £ 4.5 -1.32 + 6.6 0.071
Waist 100.8 + 95.66 + 11.7 —4.74 + 7.8 <0.001*
circumference 13.3
(cm)
HbA1lc (%) 7.76 £ 1.8 6.96 +1.43 —-0.82+1.4 <0.001*
Systolic BP (mmHg)  123.68 + 120.46 + -3.1+131 0.035*
14.7 15.5
Diastolic BP 80.3 +10.3 76.9 £ 9.1 —-3.4+£9.9 0.002 c*
(mmHg)
Cholesterol (mg/dl) 175.19 + 166.48 + —8.84 + 0.095
36.2 50.3 55.2
LDL (mg/dl) 114.87 + 105.96 + —-8.77 + 0.053
32.6 43.5 47.6
HDL (mg/dl) 44.26 + 47.84 +£12.8 +3.58 £ 7.2 0.010*
111
Triglycerides (mg/ 195.12 + 165.92 + —29.2 + 0.129
dn 129.9 162.9 176.5
TSH (mIU/L) 1.58 £1.0 1.51 +£1.04 —0.07 + 0.598
1.27
eGFR (ml/min/ 110.9 + 107.9 + 34.9 —2.95 + 0.243
1.7m?) 29.9 23.3
Albumin/Crt Ratio 73.6 + 25.4 £47.8 —48.25 + 0.039*
244.5 208.1

*The P-values <0.05 indicate the statistical significance of paired sample t-test.
3.4. Adherent vs. non-adherent outcomes

Adherence was measured upon the adherence metrics as mentioned
in section 2.3. The distribution of patients who are adherent are pre-
sented below (Fig. 1). Adherent patients were 50.6 % of the total pop-
ulation. However, 49.4 % of participants were not adherent, primarily
due to insurance companies’ unwillingness to pay for the service or did
not meet the adherence criteria. These patients followed more of what
traditional episodic care resembles although they did receive detailed
in-clinic education from the care team composed of physicians,
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Table 3
Mental Health and Adherence Scores among T2D Patients (Baseline vs. Annu-
ally) (n = 89).

Variable Baseline Annually Mean p-value
difference
WHO-5 Score 23.56 + 24.60 + +1.03 + 1.2 <0.001*
1.1 0.7
PAID Score 17.46 + 12.65 + —4.81 £ 12.1 <0.001*
13.6 9.2
PHQ9 Score 1.67 + 1.4 1.18 £ 1.2 -0.48 £ 1.5 0.005*
Adherence to Diet 2.09 +£1.4 3.36 £ 2.0 +1.26 + 1.3 <0.001*
Adherence to Exercise  1.80 + 1.1 4.72 £ 1.8 +291 + 1.7 <0.001*
Adherence to BG 1.59 + 2.1 4.09+23 +250+1.48 <0.001*
Monitoring
Adherence to 3.85+ 6.31 £ 2.1 +2.45+1.76 <0.001*
Medication 2.12

*The P-values <0.05 indicate the statistical significance of paired sample t-test.

Adherent vs. Non-adherent Patients

Non-adherent

49.4% Adherent

50.6%

Fig. 1. Patients distribution among adherent and non-adherent.
dieticians, and diabetes educators.

3.4.1. Differences between adherent vs. non-adherent patients’ outcomes
Table 4 presents a comparison between adherent vs. non-adherent
patients at baseline and annually for various health parameters.
Among the adherent patients, there were significant improvements in
weight (—3.72 kg), waist circumference (—3.62 cm), HbAlc levels
(—1.54 %), systolic blood pressure (—3.02 mmHg), diastolic blood
pressure (—2.46 mmHg), total cholesterol (—16.6 mg/dl), and LDL
cholesterol (—18.7 mg/dl) at the annual assessment compared to

Table 4
Differences among adherents vs. non-adherent at baseline and annually (n = 89).
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baseline. Additionally, the reduction in HbAlc levels in the adherent
group was found to be statistically significant (p < 0.001) compared to
the non-adherent patients. However, both adherent and non-adherent
patients showed some positive changes in weight, waist circumfer-
ence, diastolic blood pressure, and triglyceride levels. Still, the overall
improvements were more pronounced and statistically significant in the
adherent group.

3.4.2. Medication use among adherent vs. non-adherent

Both cohorts, as managed by their previous healthcare provider,
were on various combinations of diabetes medications, at annual
assessment, the percentage of adherent patients on these specific com-
binations dropped to 0 %, indicating a complete shift away from non-
GLP multi-medication approaches (Table 5). Furthermore, there were
significant changes in blood pressure treatment and statin therapy
among adherent patients.

4. Discussion

The research focuses on the management of Type 2 Diabetes Mellitus
(T2DM) in an integrated approach utilizing continuous engagement and
monitoring, behavioral change and pharmacotherapy titrations. How-
ever, existing diabetes management services for T2DM patients in the
UAE, and most developed systems, are not correctly structured or
incentivized in providing the additional components of RCDM using
integrated teams that are given the necessary time and tools (example:
wearables, apps, etc) to continuously engage with patients. To address
this, efforts are being made to leverage digital healthcare technology
[18], however, digital only offerings that act as an independent
point-solutions or a separate monitoring layer may have limited benefits
when it comes to physician decisions on treatment (including medica-
tion therapy) [8]. An end-to-end hybrid model, the GluCare Health
model, where both the physical and digital components are managed by
the same care team, has shown promising outcomes [12,19]. The find-
ings of the present study will additionally highlight the effectiveness of
using RCDM when measured through the ICHOM set [13].

Annual improvement of the outcomes was observed to be significant
in patients who followed the GluCare model. Overall, patients started
with an average baseline HbAlc of 7.76 % which is above the recom-
mended target by the ADA (20), a typical observation seen and reported
in the UAE despite these patients being actively managed and having
access to up-to-date medication therapies. For example, the largest
traditional care providers in the UAE have reported average HbAlc of
patients to be 7.4 % [3], despite most of these patients being under
management for a decade and costing on average $ 4205 per annum
[21] for their diabetes care. Studies have shown that patients that

Variable Baseline adherent Annual adherent Adherent p- Baseline Non-adherent Annual Non-adherent Non-adherent p-
(n = 45) Patients (n = 45) value Patients (n = 44) Patients (n = 44) value
Weight (kg) 83.7 £ 18.5 79.98 + 16.4 <0.001* 81.99 + 18.5 78.4 + 16.2 <0.001*
BMI (kg/m?) 29.68 + 5.6 28.47 £5.2 <0.001* 28.28 + 5.0 27.03 £ 3.9 <0.001*
Waist Circumference 98.92 +13.1 95.3+13.5 <0.001* 102.13 £ 12.7 99.13 £ 11.4 0.001*
(cm)
HbAlc (%) 8.48 + 2.0 6.94 £ 1.6 <0.001* 7.08 +1.5 6.98 + 1.4 0.490
TSH (mIU/L) 1.46 + 1.0 142+1.1 0.812 1.70 + 1.0 1.60 +1.2 0.631
eGFR (ml/min/ 116.7 + 25.9 116.5 + 37.3 0.579 117.0 + 26.9 100.7 £+ 31.0 0.004*
1.7m?)
Creatinine/Albumin 63.18 + 199.4 22.06 + 44.6 0.103 84.7 + 286.6 28.9 +51.2 0.168
Ratio
Systolic BP (mmHg) 124.89 + 14.6 121.87 £ 15.0 <0.001* 122.5 + 14.7 118.95 + 16.1 0.148
Diastolic BP (mmHg) 80.5 + 9.7 78.04 + 8.4 0.030% 79.71 £10.2 75.24 £ 9.4 0.011%
Cholesterol (mg/dl) 186.7 + 39.0 170.1 +£53.1 0.034* 164.7 + 38.4 162.0 + 49.4 0.823
LDL (mg/dl) 125.8 + 35.3 107.1 + 43.9 0.006* 103.8 + 31.6 102.9 + 44.3 0.917
HDL (mg/dl) 43.9 +9.3 45.9 +10.3 0.610 46.2 + 13.7 49.8 + 14.5 0.030*
Triglycerides (mg/dl) 205.9 + 131.9 194.4 + 216.9 0.666 183.8 +128.4 139.2 + 65.3 0.014*

*The P-values <0.05 indicate the statistical significance of Paired Sample T-test.
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Table 5
Diabetes Treatment Regimen among Adherent and Non-adherent patients.
Variable Baseline Adherent Annual Adherent Patients % of Baseline Non-adherent Annual Non-adherent % of
(n = 45) (n = 45) change Patients (n = 44) Patients (n = 44) change
Diabetes Treatment
NA 53% 2.6 % —50.9 % 7.3 % 2.4 % —67.1 %
Oral antidiabetic drugs 15.8 % 18.4 % +16.4 % 41.5 % 36.6 % -11.8 %
Insulin 5.3% 5.3% 0 0 0 0
Insulin 4 Oral antidiabetic 53% 0 —100 % 4.9 % 2.4 % —51.0 %
drugs
Insulin + GLP1 5.3% 0 —100 % 2.4 % 2.4 % 0
Insulin + GLP1+ Oral 2.6 % 0 —100 % 2.4 % 4.9 % +104.1 %
antidiabetic drugs
GLP1+ Oral antidiabetic drugs ~ 57.9 % 60.5 % +4.4 % 341 % 41.5 % +21.7 %
GLP 7.9 % 13.2% +67.0 % 7.3 % 9.8 % +34.2 %
Blood Pressure Treatment
Yes 43.20 % 34.10 % —21.10 % 31.1% 26.7 % -141 %
No 56.80 % 65.90 % 16.00 % 68.9 % 73.3 % 6.4 %
Statin Therapy
Yes 60.0 % 73.3% 22.2% 72.5 % 79.5 % 9.7 %
No 40.0 % 26.7 % —-33.3% 27.3 % 20.5 % —249 %

remain poorly controlled had 23 % higher healthcare costs annually
compared to well-controlled diabetics [22].

After a year of following the GluCare Health model, HbAlc has
reduced to 6.96 %. It has been previously shown that an average of <7 %
significantly reduces the risk of microvascular complications in patients
with T2D and overall cost [23]. On the other hand, results of a
meta-analysis showed a reduction of 0.49 % in HbAlc after the use of
digital health alone without continuous care on the treatment of dia-
betes [10]. Moreover, a significant improvement in HbAlc (—1.48 %)
was observed in patients who were adherent to the GluCare Health
intervention model compared to non-adherent patients (—0.18 %).
Considering that all these patients were already on medications and
being managed by an existing provider, this demonstrates the limita-
tions of traditional care systems that have primarily focused on medi-
cation therapy. Adherent patients who were poorly controlled at
baseline had successfully reduced their HbAlc to 6.94 %; below the
recommended ADA guidelines [20]. Interventions could have played a
crucial role in encouraging healthier habits, medication adherence, and
overall diabetes management. Moreover, adherent patients, despite
having a higher baseline HbAlc and already being on medications,
experienced more proactive medication titrations and management
from the clinical team. Optimizing medication management, especially
as most patients were using multi-dose pharmacotherapies that require
proactive titrations such as GLPs, might have led to better glycemic
control and contributed to the observed HbAlc reduction in adherent
patients. Additionally, the high starting HbAlc levels in adherent pa-
tients may drive their improved adherence to the intervention due to
increased motivation, perceived benefits, sense of urgency, personal
experiences, and the availability of a supportive and comprehensive care
environment.

Patients overall had a reduction in weight (—4 kg) and waist
circumference (—4.74 cm). These findings are consistent with outcomes
of a pilot study, where they measured the impact of digital lifestyle in-
terventions using an app [24]. Moreover, improvements on lipid profile
were promising with significant reductions in LDL and an increase in
HDL observed in patients following the GluCare health care model.
Approximately 25 % of individuals with T2D experience clinically sig-
nificant depression [25]. This co-occurrence of depression and T2D
poses a complex and bidirectional relationship [25]. On one hand,
depression increases the risk of developing T2D and can exacerbate the
associated risks of insulin resistance [25]. On the other hand, a diagnosis
of T2D raises the likelihood of experiencing depression and can
contribute to the severity of the depressive condition [25]. This inter-
play between T2D and depression underscores the importance of
addressing mental health concerns in diabetes management and vice
versa, recognizing that effective management of one condition can

positively impact the other [25].

Furthermore, behavioral change interventions play a crucial role in
enhancing treatment adherence. Unfortunately, many traditional dia-
betes providers neither measure nor provide mental health support for
their diabetic patients. The GluCare Health model focuses on these in-
terventions and implements consistent monitoring, and self-care prac-
tices. In the present study, patients showed a doubling of adherence
scores at annual settings. Moreover, patients showed an overall higher
WHO-5 scores and lower PAID and PHQ9 scores. In line with our find-
ings, it was previously reported that patients with good glycemic control
had significantly higher WHO-5 scores [26]. The integration of behav-
ioral interventions in diabetes care can lead to better glycemic control,
decreased risk of complications, and improved overall quality of life for
individuals living with T2DM as seen in the outcomes of this study.

In terms of diabetes treatment, adherent patients showed a signifi-
cant reduction in medication use, with a 5.3 % decrease in the use of any
diabetes treatment and a 50.9 % reduction in oral antidiabetic drugs.
This indicates an improvement in glycemic control and suggests that
these patients required fewer medications to manage their diabetes
effectively. Similarly, adherent patients showed reductions in the use of
insulin in combination with other medications. This is consistent with
previous research that has demonstrated the effectiveness of continuous
models in medication reduction for T2D [27]. Non-adherent patients did
not experience significant changes, with some showing an increase in
the use of certain medications. Regarding blood pressure treatment,
both adherent and non-adherent patients showed reductions in medi-
cation use, indicating improved blood pressure control across the board.

5. Virtual disease management programs vs hybrid models

The success of virtual disease management programs is well docu-
mented [28-30] with HbAlc reductions ranging from —0.4 %, —0.6 %
and —0.8 % in 12, 10 and 4 months respectively. Many of these studies
have not reported other clinical parameter or medication changes due to
the fact that such programs have not been part of the primary care
providers’ management plans, but act as an additional manage-
ment/engagement tool used to assist patients and are usually
employer-led. The GluCare approach is distinct due its hybrid approach:
Both the physical locations and remote digital solution are entirely
vertically integrated by the on-ground care team. These additional fea-
tures added into a diabetes management solution may result in better
HbAlc control perhaps due to a more holistic end-to-end approach and
engagement as shown in this study. Allowing the same care team to
access both remote and EMR data allows for more data-driven behav-
ioral nudges or precision engagement and can lead to the relevant in-
terventions in diabetes management. Many digital health solutions face
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restrictions in reimbursement and limits healthcare providers from
implementing such hybrid models at scale.

When assessing the potential Return on Investment (Rol) of addi-
tional digital health solutions to an existing model of care, it would be
important to calculate the total cost of care for diabetic patients,
including medications, and demonstrate the value that such hybrid
models bring with improvement outcomes. The reporting of compre-
hensive clinical outcomes, including medication use and mental health
scores, is an important initial step to encourage payers to reimburse for
such solutions whether it be as a service, or more preferably, through
value-based contracting.

6. Conclusion

In conclusion, this research emphasizes the effectiveness of an inte-
grated and continuous hybrid approach, exemplified by the GluCare
health model, in managing T2DM. Utilizing a ‘closed loop’ approach
which incorporates continuous lifestyle adjustments, behavioral change
interventions, personalized engagement and real-time monitoring
alongside pharmacotherapy titrations, significant improvements in pa-
tient outcomes were observed, with adherent patients being well-
controlled within 12 months as measured by HbAlc.

Additionally, the study highlighted the importance of addressing
mental health concerns, and reported significant mental health score
improvements when such models are adopted. Considering that all pa-
tients at intake were classified as poorly controlled despite being
managed by traditional care providers with most already on antidiabetic
medications, further research and implementation of such integrated
and hybrid models are recommended to effectively manage diabetes on
scale.
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