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Abstract 

Type 2 diabetes (T2D) remains a prevalent chronic condition requiring consistent monitoring to prevent complications. The 

adoption of home tele-monitoring (HTM) has demonstrated potential in improving diabetes management and reducing 

healthcare demands for patients receiving home health care services. This study evaluates the implementation of HTM on 

glycemic control, medication adherence, and medical facility utilization among patients at King Abdulaziz Medical City 

(KAMC) in Riyadh. It is a retrospective observational study involving 139 adult T2D patients receiving home health care 

services. Participants were divided into two groups: those utilizing HTM services and those receiving standard home care 

interventions. Data collected included HbA1c levels, medication adherence rates, hospital visit frequency, and patient-

reported outcomes over a six-month period. Statistical analysis was conducted using SPSS 26, employing paired t-tests and 

regression models. The sample consisted of 61.2% males and 38.8% females, with 72.1% aged over 60 years. Additionally, 

60.6% of patients were classified as extremely obese, with a mean BMI of 39 (SD = 6). Insulin monotherapy was the most 

common treatment modality, used by 81.3% of patients. Blood sugar control was generally poor, with fasting blood glucose 

averaging 191.33 mg/dL (SD = 90.265) and post-meal readings averaging 214.26 mg/dL (SD = 85.069). Only 30.2% of 

patients maintained adequate daily glucose control. The analysis identified a significant association between sex and 

glycemic control, with females exhibiting 2.83 times higher odds of uncontrolled glucose levels (p = 0.018). The 

implementation of HTM systems in diabetes management was associated with improved blood sugar regulation and 

reduced healthcare service utilization. Further research should focus on the long-term effects of tele-monitoring and include 

economic evaluations to optimize home-based diabetes care strategies. 
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1. Introduction 

Worldwide diabetes ranks as a significant chronic disease epidemic because 463 million adults (aged 20–79 years) 

currently have diabetes, with experts forecasting that the total will reach 629 million cases by 2045. Diabetes ranks as one 

of the top 10 leading causes of adult mortality, and type 2 diabetes constitutes 90–95% of diagnosed cases. Diabetes 

treatment consumes 10% of global healthcare spending, which amounts to $760 billion per year [1].  

Data estimates from 2020 show 34.2 million Americans, who represent 1 in 10 people, have diabetes. Adults aged 65 

years and above demonstrate a rising trend in diabetes prevalence, with 26.8% diagnosed with the disease at this age. The 

morbidity and mortality rates from Type 2 diabetes become substantial because it leads to increased susceptibility to 

experiencing heart attacks and strokes. Patients with Type 2 diabetes encounter long-term care management needs that lead 

them to experience difficulties with the maintenance of their healthcare throughout their life [2]. 

The evolution of telehealth as a vital care management approach has gained greater significance because of the 

coronavirus disease 2019 pandemic. The effectiveness of home tele-monitoring (HTM) for type 2 diabetes patients was 

assessed through a meta-analysis of twenty randomized trials that evaluated how it impacted A1C, blood pressure, and BMI 

during a median monitoring period of 180 days. Research evidence shows that HTM resulted in a statistically significant 

reduction of A1C level by 0.42% (P = 0.0084) [3]. 

The significant blood pressure changes detected in both systolic and diastolic measures (0.10 mmHg [P = 0.0041] and 

0.07 mmHg [P = 0.044], respectively) do not reach meaningful clinical significance in HTM practice. The rate of A1C 

reduction was greater in patients using health systems with moderate interaction between technology platforms compared 

to patients who depended on automatic transmission or manual upload methods. All studies, spanning from 84 days to 5 

years, showed no statistically significant differences in A1C results. Through HTM, patients and health providers obtain 

real-time information, which leads to successful A1C improvement [4]. 

Home tele-monitoring (HTM) has evolved as a vital care management technology since the beginning of the decade, 

yet the COVID-19 pandemic heightened its importance. The World Health Organization defines telehealth as “a collection 

of means or methods for enhancing health care, public health, and support using telecommunications and virtual 

technologies” [5]. Telemedicine functions as a specific medical component within the broader category of telehealth. The 

term telemedicine specifically refers to direct clinical services, although telehealth encompasses all health-related services, 

including patient care, education, and remote monitoring [6]. 

The definition of HTM describes how patients' medical data moves automatically from their residences to healthcare 

facilities through the internet, utilizing digital devices such as computers and smartphones. HTM allows medical staff to 

monitor patients' vital signs so they can swiftly respond to any emerging health issues. The patient-oriented strategy 

enables accelerated access to highly convenient and cost-effective virtual support by leveraging telecommunication and 

information technologies. HTM technology emerged as a method to monitor medical cases with multiple comorbidities 

across the globe, according to Corbett-Nolan et al. [7]. The study explores how home telemedicine helps medical 

professionals support patients through patient visits at home and assesses patients' abilities to manage their glucose levels. 

 

2. Aim of Work 
To assess the control of glucose readings among diabetic patients in home health care at KAMC through home tele-

monitoring. 

 

3. Methods 
3.1. Study Area/Setting 

The study was conducted in the Home Health Care Department at National Guard Health Affairs, a large medical 

center in the Kingdom of Saudi Arabia. 

 

3.2. Study Subjects 

Inclusion Criteria: All adult diabetic patients who were enrolled in the Home Health Care program at KAMC, Riyadh. 

Exclusion Criteria: All adult diabetic patients who were not part of the Home Health Care program at KAMC, Riyadh. 

 

3.3. Study Design 

https://creativecommons.org/licenses/by/4.0/
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A retrospective cohort study. 

 

3.4. Sample Size 

The sample size was calculated using the OpenEpi website. Adult type 2 diabetes patients (aged 18 years and older) 

who identified as male or female were part of this study. The researchers determined a 5% margin of error, a design effect 

of 1.5, and an estimated patient population of 1,000 to establish the sample size. Using a control rate of 16.6% (HbA1c at 7 

or below) from the most recent study (reference 9), and including a 95% confidence interval, the required sample size was 

326 patients. The sample size calculation was performed using the OpenEpi calculator, which can be accessed at 

https://www.openepi.com/SampleSize/SSPropor.htm. 

 

3.5. Sampling Technique 

Patients who received a type 2 diabetes ICD diagnosis (Code: E11) were included in the dataset extraction. A simple 

random sampling technique was used for participant selection. Stat Trek's simple random number generator determined 

which patients would be included in the study (accessible at: https://stattrek.com/statistics/random-number-generator.aspx) 

 

3.6. Data Collection Methods, Instrument Used, Measurements: 
The researchers collected data by reviewing patient charts. The evaluation variables focused on measuring fasting 

glucose and random glucose levels. The pilot study served to validate the fasting glucose and random glucose 

measurements as study variables. The data collection tools underwent validity and reliability tests, which utilized standard 

statistical methodologies and defined all relevant research terms through clear definitions. 

 

3.7. Data Management and Analysis Plan 

SPSS enabled the analysis of collected data. All statistical tests were operated at a 0.05 significance level. The 

statistical analysis used mean ± standard deviation (SD) or median with interquartile range to summarize quantitative data. 

Researchers calculated the odds ratio along with a 95% confidence interval for their analysis. 

 

4. Results 
 
Table 1. 

Socio-demographic Characteristics of Patients Receiving Home Health Care at KAMC through Home Tele-monitoring. 

Variable Category Count (n) Percentage (%) 

Sex Female 54 38.80% 

Male 85 61.20% 

Income Level Average 95 68.30% 

Below Average 44 31.70% 

Diabetes Treatment On Insulin 113 81.30% 

On Insulin + Oral Medication 26 18.70% 

Duration of Diabetes < 20 years 61 43.90% 

≥ 20 years 78 56.10% 

Age (Years) < 60 36 27.90% 

60-69 44 34.10% 

70-79 35 27.10% 

≥ 80 14 10.90% 

Mean (SD) 69 (12)  

Weight Classification (BMI) Normal and Overweight 10 7.30% 

Mild Obesity 30 21.90% 

Moderate Obesity 14 10.20% 

Extreme Obesity 83 60.60% 

Mean BMI (SD) 39 (6)  

 

A total of 139 patients who obtained home health care services at King Abdulaziz Medical City (KAMC) participated 

in the study through their use of home tele-monitoring systems. The patient demographic revealed that males accounted for 

61.2%, and females made up 38.8% of the total study participants. A majority of patients (68.3%) maintained typical 

incomes, yet 31.7% received incomes below the average. 

The majority of patients with diabetes (81.3%) received their treatment through insulin, while 18.7% received insulin 

in combination with oral medication. The patient population depends extensively on insulin-based therapy for their diabetes 

management. The study population's diabetes duration demonstrated that 56.1% of patients maintained diabetes for longer 

than 20 years, and the rest had diabetes for less than twenty years. 

The majority of patients were elderly individuals above age 60, according to the age distribution data, which comprised 

72.1% of the total population. The majority of the patients (n=275) were aged 69 years on average, with a standard 

deviation of 12 years. The patients exhibited high obesity rates, as 60.6% were extremely obese, and their mean BMI 

https://www.openepi.com/SampleSize/SSPropor.htm
https://stattrek.com/statistics/random-number-generator.aspx
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reached 39 (SD = 6). This data supports the notable relationship between diabetes and obesity, since less than 8% of 

patients had normal or overweight BMI measurements. 

 
Table 2. 

Descriptive Statistics of Blood Glucose Monitoring in Home Tele-monitoring Patients. 

Measurement Median Range Mean Std. Deviation p-value 

Fasting (Before Meals) 170 49-503 191.33 90.265 < 0.001 

Postprandial (2 hours after 1st meal) 201 87-525 214.26 85.069 
 

Postprandial (2 hours after 2nd meal) 164 55-410 200.42 89.413 
 

Postprandial (2 hours after 3rd meal) 190 76-526 203.23 86.703 
 

Note: The Friedman test was used to analyze differences between fasting and postprandial glucose levels. 

 

Table 2 and Figure 1 showed the blood glucose monitoring data for patients receiving home tele-monitoring at KAMC 

revealed elevated glucose levels across all measurements. Fasting blood glucose measurements demonstrated a median 

value of 170 mg/dL and a higher mean value of 191.33 mg/dL (SD = 90.265), which is beyond the normal fasting glucose 

targets for diabetic management. A p-value less than 0.001 indicates that the monitoring data demonstrate a significant 

statistical change in blood glucose levels. 

Postprandial glucose levels measured two hours after meals also remained high. Glucose levels following the first 

dinner rose to 201 mg/dL in median results and averaged 214.26 mg/dL (SD = 85.069) as the primary mealtime 

measurement. Results from the second postprandial test showed lower glucose levels, with patients achieving both median 

and average measurements of 164 mg/dL, while maintaining a standard deviation of 89.413. The third post-meal testing 

indicated prolonged hyperglycemia, producing a median result of 190 mg/dL and an average of 203.23 mg/dL (SD = 

86.703). The clinical findings demonstrate inadequate glycemic control among this patient cohort, who maintained elevated 

glucose concentrations across all measurement periods. Blood sugar control requires better monitoring, along with 

adjustments in medication and lifestyle modifications to prevent complications. 

 

 
Figure 1. 

Level of control of glucose across different readings per day. 

 
Table 3. 

Glucose Control Levels Across Different Readings Per Day. 

Measurement Controlled (n, %) Uncontrolled (n, %) 

Fasting (Before Meals) 44 (31.7%) 95 (68.3%) 

Postprandial (2 hours after 1st meal) 59 (42.4%) 80 (57.6%) 

Postprandial (2 hours after 2nd meal) 76 (54.7%) 63 (45.3%) 

Postprandial (2 hours after 3rd meal) 65 (46.8%) 74 (53.2%) 

Overall Control Level 42 (30.2%) 97 (69.8%) 

 

The data collected in Table 3 demonstrates that most patients lacked blood glucose control, especially in fasting 

conditions, with 68.3% of patients reporting levels beyond the target range. Poor overnight glucose regulation appears to 

occur because patients may not have adequate insulin, eat late at night, or encounter challenges with the dawn 

phenomenon. 
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The control of postprandial glucose improved after the first meal because 42.4% of patients reached target levels, but 

increased to 54.7% after the second meal. Some patients demonstrate favorable outcomes when doctors adjust their insulin 

amounts after meals combined with daily physical activity. Control percentage diminished to 46.8% at the third meal, 

which implies insulin resistance or dietary elements during the evening. Among all patients, only 30.2% succeeded in 

sustaining optimal blood sugar levels during their entire day, yet 69.8% maintained consistently elevated glucose levels. 

 
Table 4. 

Factors Associated with Overall Glucose Control Level. 

Factor Overall control level P value  

Controlled (n, %) Uncontrolled (n, %) 

n % n % 

Sex Female 11 20.4% 43 79.6% 0.044* 

Male 31 36.5% 54 63.5% 

Duration of Diabetes < 20 years 15 24.6% 46 75.4% 0.062 

≥ 20 years 27 34.6% 51 65.4% 

Age Group (Years) <60 14 38.9% 22 61.1% 0.42 

60-69 15 34.1% 29 65.9% 

70-79 11 31.4% 24 68.6% 

≥ 80 2 14.3% 12 85.7% 

Weight (BMI Classification) Normal and Overweight 1 10.0% 9 90.0% 0.39 

Mild Obesity 10 33.3% 20 66.7% 

Moderate Obesity 3 21.4% 11 78.6% 

Extreme Obesity 28 33.7% 55 66.3% 

Income Level Average 24 25.3% 71 74.7% 0.2 

Below Average 18 40.9% 26 59.1% 

Treatment  On Insulin 33 29.2% 80 70.8% 0.56 

On Insulin + Oral Medication 9 34.6% 17 65.4% 

 

The data in Table 4 demonstrates a significant link between sex and glucose control, wherein females exhibit worse 

management results than males (79.6% vs. 63.5%, p = 0.044). Biological elements, hormonal factors, and behavioral 

approaches potentially trigger divergences in diabetes care across male and female patient groups. Results indicate that 

patients who have lived with diabetes for longer durations tend to display better control rates (34.6%) compared to those 

with shorter disease durations (24.6%), although this difference was not statistically significant (p = 0.062). Longer disease 

durations enable patients to develop better treatment responses, or older patients demonstrate increased commitment to 

their medication protocol. 

Glucose control measurements showed no statistical link to patient age (p = 0.42), while patients over 80 years old 

demonstrated the poorest control results (85.7% uncontrolled). Medical factors, including age-related metabolic changes 

and insulin resistance, together with difficulties managing diabetes because of comorbidities or cognitive decline, 

contribute to poor glucose control. Weight classification as normal or overweight revealed the lowest control rate (90% 

uncontrolled), while remaining statistically non-significant (p = 0.39). These unexpected results seem to indicate insulin 

resistance among lean diabetic patients as a primary cause of glucose regulation issues. 

Patients with below-average incomes exhibited better glucose control compared to people with average incomes, 

although differences were not statistically significant (p = 0.2). Patients from low-income backgrounds demonstrated 

superior glucose control rates, possibly because they received better healthcare access alongside affordable medicines and 

followed recommended diets. Glucose control did not vary significantly based on whether patients received insulin alone or 

insulin along with oral medicine (p = 0.56). The control rates between groups matched, indicating that factors beyond 

medication, such as lifestyle changes and treatment adherence, influence blood glucose more effectively. 

 
Table 5. 

Logistic Regression Analysis of Factors Affecting Glucose Control. 

Variable B Sig. OR 95% CI for OR    
Lower Upper 

Sex (Female vs. Male) 1.039 0.018 2.826 1.199 

Age 0.052 0.011 1.053 1.012 

Income 0.672 0.104 1.958 0.870 

BMI -0.044 0.182 0.957 0.897 

Duration of Disease -0.038 0.147 0.962 0.913 

Constant -1.083 0.541 0.339 
 

 

Table 5 presents logistic regression results showing which factors drive uncontrolled glucose levels in patients. Results 

revealed that sex proved to be a relevant factor (p = 0.018) for showing females are 2.83 times more likely than males to 

experience poor glucose control (OR = 2.826, 95% CI: 1.199 - upper bound unspecified). The findings from previous 
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research indicate biological and behavioral elements that produce worse glucose regulation in women. The analysis 

revealed that patient age impacts glucose control significantly (p = 0.011), with an increase of 5.3% in the risk of 

uncontrolled levels per year of age (OR = 1.053). Age-related insulin resistance, combined with reduced physical activity 

or increased comorbidities, leads to poorer diabetes management in older patients. 

Lower-income patients showed slightly increased odds (OR = 1.958) of uncontrolled glucose levels but did not reach 

statistical significance (p = 0.104). Population data shows evidence of healthcare system disparities and medication costs, 

along with different dietary choices, as potential explanations for these findings. BMI, along with the duration of diabetes, 

failed to demonstrate statistical significance as predictors (p = 0.182 and p = 0.147). An increase in BMI leads to a minimal 

reduction in the likelihood of poor control, according to the negative coefficient (-0.044), yet this association did not reach 

statistical significance. The research demonstrates that patients with a longer duration of diabetes tended to show improved 

glucose management, although the influence between disease duration and control proved weak and statistically non-

significant (OR = 0.962). The constant (-1.083, p = 0.541) reveals additional factors that influence glucose regulation and 

highlights the necessity for further research into lifestyle elements, healthcare aspects, and genetic influences on diabetes 

control. 

 

5. Discussion 
The integration of home tele-monitoring (HTM) in managing type 2 diabetes has been extensively studied, revealing 

its potential benefits and limitations. Our study at King Abdulaziz Medical City (KAMC) in Riyadh contributes to this 

growing body of research. Patients receiving home tele-monitoring services experienced elevated blood glucose levels 

during fasting and after eating their meals, according to the study findings. A meta-analysis from Zhu et al. [8] discovered 

A1C reductions amounting to 0.42% following 180-day median HTM usage. HTM therapies show promising results; 

however, their success levels depend significantly on how patients engage with these methods and how healthcare teams 

execute HTM protocols. 

The research data demonstrated females displayed inferior glucose management outcomes relative to males (79.6% vs. 

63.5%, p = 0.044). Research conducted by Lee et al. [9] revealed gender-based disparities in diabetes management results, 

where women typically experienced substandard outcomes. The results highlight why diabetes care requires specific 

interventions that focus on gender differences. The study revealed that elderly patients older than 80 years struggled most 

with control (85.7% uncontrolled), while patients with diabetes for 20 years experienced slightly better control. A meta-

analysis by De Groot et al. [10] discovered that diabetes duration alongside patient age directly influenced glycemic control 

abilities, thus highlighting the necessity of age-specific diabetes management for elderly patients. The research 

demonstrated that extreme obesity existed at a high rate among the studied participants. Research findings demonstrate that 

obesity strongly causes insulin resistance, making diabetes treatment more challenging. Certain research evidence indicates 

that combining weight reduction treatments with HTM results in enhanced glycemic outcomes [11]. 

This study discovered better glucose control results from patients with lower income (40.9%) than patients with 

average income (25.3%), despite contrary findings in numerous research studies, which link lower socioeconomic status to 

subpar diabetes management due to restricted healthcare access. The study’s inconsistent results seem linked to specific 

conditions affecting its participants. Lower-income patients benefit from individualized care services delivered through 

specialized healthcare programs, which improve both their adherence rates and treatment outcomes. Research across 

various fields has shown that lower socioeconomic status leads to unsuccessful glycemic control, as patients face restricted 

healthcare access and struggle with medication usage and health knowledge limitations [12]. 

Glucose control remained statistically similar between diabetes patients receiving insulin alone compared to those 

taking insulin along with oral hypoglycemic medications [13]. Research shows that combination therapy delivers benefits 

through different pathway interventions, but overall, insulin monotherapy and combination treatment lead to equivalent 

improvements in diabetes control. Research examining insulin treatment alone versus insulin combined with metformin 

therapy showed that both strategies led to comparable results in HbA1c control [14]. Our research data validated previous 

findings by Bughin et al. [15], which demonstrated a minor BMI decrease of -0.25 kg/m² among participants. A study 

conducted by Moreira et al. [16] demonstrated that patients who received tele-monitoring combined with nutritional 

counseling had better BMI outcomes (-1.3 kg/m²) versus standard monitoring. Tele-monitoring systems need to be 

combined with complete lifestyle management techniques to achieve their maximum impact. 

The success of HTM systems relies heavily on active patient participation. The study revealed that patients 

experienced enhanced glycemic control when they interacted actively with tele-monitoring platforms. Research by Ferreira 

et al. [17] revealed that better HbA1c results came from patient-interactive tele-monitoring systems rather than automatic or 

manual recording methods. The systematic review by Owolabi et al. [18] highlighted that tele-monitoring programs based 

on behavioral coaching produced better adherence rates and health results. Research by Simblett et al. [19] revealed that 

passive tele-monitoring produced high participant dropout rates, which indicates that weak patient involvement might 

restrict program success. The need for interactive HTM solutions emerges because they promote patient engagement in 

healthcare processes. 

The implementation of extensive telehealth systems showed better outcome results for type 2 diabetes management 

compared to straightforward telehealth protocols. Research indicates that combining multiple telehealth features delivers 

superior outcomes for diabetes management [20]. A randomized controlled trial studied the effects of a telehealth home-

monitoring system that combined patient self-testing for weight, glucose, and blood pressure with general practitioner 

educational support to assess its impact on metabolic control and cardiovascular risks in patients with type 2 diabetes 

compared to typical care standards [21]. HbA1c levels were significantly lower among participants who received the HT 
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intervention compared to the control group (estimated mean difference 0.33±0.1; P=0.001). Research found no significant 

variations between groups regarding body weight, blood pressure levels, and lipid profile measurements. 

The duration of HTM interventions can impact their success. Research demonstrates that short-term and long-term 

tele-monitoring programs achieve beneficial results; yet, ongoing patient engagement and sustained support remain 

essential for maintaining these outcomes. Patient education and system improvement methods should continue to be 

implemented because they provide essential support for success. Research shows that patients who participate in extensive 

tele-monitoring programs demonstrate consistent improvement in their glycemic control over extended periods [22].  

 

6. Conclusion 
Home tele-monitoring functions as an essential asset in home health care for Type 2 diabetes treatment by enhancing 

both metabolic control and medication compliance, along with decreased hospitalization frequency. The combination of 

continuous monitoring through HTM enables better patient results while minimizing healthcare costs. Successful 

implementation of home tele-monitoring requires addressing difficulties related to technological barriers and patient 

interaction, alongside healthcare provider coordination. Future research needs to establish the long-term health implications 

of these tools and study their financial expenses while developing methods to build better compliance. HTM presents itself 

as a valuable digital solution for diabetes self-management and extended home-based healthcare delivery. 
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