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Abstract

Background. While diabetes technologies such as insulin pumps, continuous glucose monitoring (CGM), and automated 
insulin delivery (AID) systems have demonstrated potential to improve glycemic control and reduce hypoglycemia, their 
utilization and effectiveness in Thailand remain underdocumented. This study aimed to assess the use and impact of 
diabetes technologies on glycemic outcomes at King Chulalongkorn Memorial Hospital (KCMH), a tertiary care center in 
Bangkok, Thailand.

Methodology. A cross-sectional study was conducted among T1D patients receiving care at the endocrinology clinic 
of KCMH between August 2023 and July 2024. Data were collected at each patient's most recent follow-up visit, and 
participants were classified into technology users and non-technology users. Data collection focused on demographics, 
diabetes technology use, and clinical parameters, including HbA1c, hypoglycemia events, and CGM metrics (Time in 
Range (TIR), Time Above Range (TAR), Time Below Range (TBR)).

Results. A total of 61 patients with T1D were included, of whom 49% were technology users (6% insulin pumps, 57% 
CGM, 37% AID). Technology users had a significantly higher mean HbA1c (8.1% ± 1.6) than non-technology users (7.2% 
± 1.2, p = 0.011). AID users achieved a higher mean TIR (67.6% ± 16%) compared to CGM users (54.0% ± 23.8%), but 
the difference was not statistically significant. Both AID and CGM users maintained a low incidence of hypoglycemia 
(<54 mg/dL).

Conclusion. This study found a relatively high rate of diabetes technology adoption at our center compared to other Asian 
countries, highlighting its potential to reduce the risk of hypoglycemia and improve glycemic stability. However, technology 
users also had higher HbA1c levels, suggesting that diabetes technology is often prescribed to high-risk patients with poor 
glycemic control. Future research should focus on longitudinal studies to better understand and address barriers to optimal 
glycemic outcomes among diabetes technology users. 
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INTRODUCTION 
 
Type 1 diabetes (T1D) requires intensive glucose manage-
ment to prevent long-term complications.1 Traditional 
methods, such as multiple daily insulin injections (MDI), 
are associated with an increased risk of hypoglycemia and 
may offer less lifestyle flexibility compared to advanced 
insulin delivery systems. Recent advancements, such as 
insulin pumps (CSII) and automated insulin delivery 
(AID) systems, have demonstrated potential in improving 
therapy optimization by enabling more precise, real-time 
adjustments to insulin delivery.2 Similarly, self-monitoring 
of blood glucose (SMBG) provides only single-point 

measurements, potentially leading to unrecognized 
episodes of hyperglycemia or hypoglycemia. Recent 
advancements, such as insulin pumps, continuous glucose 
monitoring (CGM) and automated insulin delivery (AID) 
systems, have demonstrated potential to improve glycemic 
management by enabling better self-management and 
therapy optimization.3 Meta-analyses have shown that 
CGM significantly reduces HbA1c levels by 0.24% compared 
to SMBG (95% CI: -0.34 to -0.13), while also lowering the risk 
of severe hypoglycemia.4 Similarly, insulin pump therapy 
has been associated with a significant HbA1c reduction 
of 0.30% (95% CI: -0.58 to -0.02) compared to MDI, along 
with a decrease in severe hypoglycemic events.5 
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age of 35 years and a mean diabetes duration of 15 years. 
The mean body mass index (BMI) was 23.2 kg/m². Most 
participants held at least a bachelor’s degree (77%) and 
were employed (72.1%). Regarding healthcare coverage, 
56% of diabetes technology users were under the Universal 
Coverage Scheme, with fewer participants in the self-pay 
group. Comorbidities included dyslipidemia (39.3%), 
hypertension (8.2%) and thyroid disorders, including 
hypo-, hyperthyroidism, thyroid nodules and autoimmune 
thyroid diseases (16.4%). The prevalence of microvascular 
complications was 14.8% for diabetic retinopathy, 16.4% 
for diabetic nephropathy and 9.8% for diabetic neuropathy. 
Macrovascular complications were rare (Table 1). 

Among the participants, 49% were technology users, while 
51% were non-technology users. Among technology users, 
6% used insulin pumps, 57% used CGM and 37% used 
AID systems. The median duration of technology use was 
7.4 months. Technology users had a significantly higher 
mean HbA1c (8.1% ± 1.6) than non-technology users (7.2% 
± 1.2, p = 0.011). Severe hypoglycemia occurred in 13.3% 
of technology users and 16.1% of non-technology users. 
Hyperglycemic crises (diabetic ketoacidosis or hyper-
glycemic hyperosmolar state) in the past year were rare, 
with only one patient affected in each group (Table 2).

CGM reports indicated that AID users achieved a higher 
mean TIR (67.6% ± 16%) compared to CGM users (54.0% 
± 23.8%), although this difference was not statistically 
significant (p = 0.125). AID users also spent less time in 
hyperglycemia, with a lower time above range 181-250 
mg/dL (23% ± 9.3%) and time above 250 mg/dL (10.6% ± 
11%) compared to CGM users (27.9% ± 19.7% and 15.4% 
± 16.1%, respectively). Furthermore, AID users had lower 
average glucose levels than CGM-only users (164.2 ± 28.2 
versus 173.6 ± 46.3 mg/dL, respectively), whereas glucose 
variability was similar between the groups (35.8% ± 6.1% 
versus 35.6% ± 7.0%, respectively). Both AID and CGM 
users maintained low rates of hypoglycemia: time spent 
between 54–69 mg/dL was 1.5%–2.0% in both groups, while 
time spent below 54 mg/dL was 0% for all technology users 
(Table 3).

Discussion

Our study identified a diabetes technology adoption rate 
of 49%. This figure is notably higher than reported data 
from other Asian regions, such as Singapore, China and 
Korea, where utilization of diabetes technology in T1D 
remains relatively low.6-8 While our findings are compar-
able to adoption levels observed in Europe (>50%), they 
remain lower than those in high-income countries like 
the United States, where adoption rates reach up to 80%. 
Meanwhile, in countries like Japan, higher adoption rates 
(23% for insulin pumps and 41% for CGM) are driven 
by established reimbursement programs.6-10 Our center's 
uptake likely reflects the impact of Thailand's Universal 
Coverage Scheme. Notably, while this scheme covered 
56% of our technology users, the remaining 44% were self-

Despite the benefits of diabetes technology, its utilization 
and effectiveness in Thailand remain underdocumented. 
This study aims to assess the use and impact of diabetes 
technologies on glycemic outcomes at King Chulalongkorn 
Memorial Hospital (KCMH), a tertiary care center in 
Bangkok, Thailand.	

Methodology

This is a cross-sectional study conducted among T1D 
patients receiving care at the diabetes clinic of KCMH 
between August 2023 and July 2024. Patients aged 18 years 
or older with at least two follow-up visits were included, 
while those who were pregnant or lost to follow-up were 
excluded. We utilized a complete-case analysis approach, 
including only participants with complete clinical data 
for the outcomes in the final assessment. Individuals lost 
to follow-up were excluded. Baseline demographic data, 
micro- and macrovascular complications and treatment 
outcomes were collected from each patient’s most recent 
follow-up visit. Participants were classified into two 
primary groups: technology users and non-technology 
users. Technology users were further categorized by their 
device type: Standalone CGM, Standalone insulin pumps 
(CSII) and Automated Insulin Delivery (AID) systems.

The data collection focused on the patient demographics, 
diabetes technology use and clinical parameters. For each 
participant, clinical data, including the most recent HbA1c 
reading, severe hypoglycemia events (hypoglycemia requi-
ring assistance, emergency room visit or hospitalization) 
and CGM metrics collected from only technology users 
such as Time in Range (TIR 70-180 mg/dL), Time Above 
Range (TAR 181-250 mg/dL and >250 mg/dL), Time Below 
Range (TBR 54-69 mg/dL and <54 mg/dL) and glucose 
variability (% coefficient of variation), were collected from 
their latest follow-up visit within the study window.

Qualitative data were presented as frequencies and 
percentages. Prior to the analysis, the distribution of all 
continuous variables was assessed for normality using 
visual inspection of histograms and formal statistical 
testing (e.g., the Shapiro-Wilk test). Quantitative data 
with a normal distribution were expressed as mean ± SD 
and analyzed using the Student’s t-test. Meanwhile, non-
normally distributed data were expressed as median (IQR) 
and analyzed using the Wilcoxon rank-sum test. Categorical 
data were analyzed using the chi-square test or Fisher's 
exact test, as appropriate. A p-value of <0.05 was considered 
statistically significant.

This study was approved by the Institutional Review Board 
of the Faculty of Medicine, Chulalongkorn University, 
Bangkok, Thailand [IRB no.0459/68].

Results

A total of 61 patients with T1D were included, with 
females comprising 67.2% of the participants, a median 
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sufficient statistical power. This disparity in HbA1c likely 
reflects several factors. First, advanced technology is often 
prioritized for high-risk patients with a history of poor 
glycemic control or clinically significant hypoglycemia, 
indicating a clinical selection bias. Second, the duration of 
technology use may play a role; since the median duration 
of technology use was approximately 7 months, new users 
face a steep learning curve in interpreting glucose trends 
and adjusting insulin, which can lead to suboptimal short-
term results. Because our cross-sectional analysis focused 

payers, suggesting that individual affordability remains a 
significant factor in access to technology in our setting.

Interestingly, our study found that technology users had 
a significantly higher average HbA1c compared to non-
technology users. While we acknowledge that technology 
users represent three distinct clinical groups — CGM, CSII 
and AID — the small size of our individual subgroups 
(specifically the standalone pump users at 6%) necessitated 
analyzing these participants as a single cohort to maintain 

Table 1. Baseline characteristics of the T1D patients
Baseline characteristics All (n = 61) Technology users (n = 30) Non-technology users (n = 31)

Female, n (%) 41 (67.2) 21 (70) 20 (64.5)
Age: median (IQR) 35 (26, 41) 32.5 (23.5, 37) 37 (29.5, 43.5)
Body weight(kg): mean ± SD 62.1 ± 12.1 63.9 ± 12.8 60.4 ± 11.4
Body mass index (kg/m2): mean ± SD 23.2 ± 3.6 23.8 ± 3.9 22.7 ± 3.3
Education level: n (%)

High school
Bachelor’s degree
Master’s degree

12 (19.7)
47 (77)
2 (3.3)

8 (26.7)
21 (70)
1 (3.3)

4 (12.9)
26 (83.9)
1 (3.2)

Employment status: n (%)
Yes
No

44 (72.1)
17 (27.9)

19 (63.3)
11 (36.7)

25 (80.6)
6 (19.4)

Healthcare entitlements: n (%)
Universal coverage scheme
Social security scheme
Civil servants’ direct payment entitlement
Self-pay

31 (50.8)
24 (39.3)
4 (6.6)
2 (3.3)

17 (56.7)
10 (33.3)
1 (3.3)
2 (6.7)

14 (45.2)
14 (45.2)
3 (9.7)
0 (0)

Comorbidities: n (%)
Hypertension
Dyslipidemia
Graves’ disease
Hashimoto’s thyroiditis
Obstructive sleep apnea
MAFLD
PCOS
Depression
Coronary heart disease

5 (8.2)
24 (39.3)
4 (6.6)
6 (9.8)
1 (1.6)
3 (4.9)
2 (3.3)
5 (8.2)
2 (3.3)

3 (10)
10 (33.3)
2 (6.7)
2 (6.7)
1 (3.3)
2 (6.7)
1 (3.3)
5 (16.7)
1 (3.3)

2 (6.5)
14 (45.2)
2 (6.5)
4 (12.9)
0 (0)
1 (3.2)
1 (3.2)
0 (0)
1 (3.2)

Duration of T1DM - years: median (IQR) 15.5 (9.8) 15.1 (9.6) 15.8 (10.1)
HbA1C - %: mean ± SD 7.6 ± 1.4 8.1 ± 1.6 7.2 ± 1.2
Macrovascular complication: n (%)

Myocardial infarction
Cerebrovascular disease
Peripheral arterial disease

2 (3.3)
0 (0)
0 (0)

1 (3.3)
0 (0)
0 (0)

1 (3.2)
0 (0)
0 (0)

Microvascular complication: n (%)
Retinopathy
Nephropathy
Neuropathy

9 (14.8)
10 (16.4)
6 (9.8)

4 (13.3)
2 (6.7)
1 (3.3)

5 (16.1)
8 (25.8)
5 (16.1)

Diabetic technology: n (%)
Continuous glucose monitoring alone
Insulin pump alone
Automated insulin delivery

17 (27.9)
2 (3.3)

11 (18.0)

17 (57.3)
2 (6)

11 (36.7)

0 (0)
0 (0)
0 (0)

Data are presented as n (%), median (IQR) and mean ± SD as described. MASLD = Metabolic-dysfunction associated steatotic liver 
disease, PCOS = polycystic ovarian syndrome

Table 2. Clinical outcomes and diabetic technology use
Technology users (n = 30) Non-technology users (n = 31) P-value

HbA1c: Mean ± SD
≤7%
>7%

8.1 ± 1.6
4 (13.8)

25 (86.2)

7.2 ± 1.2
13 (41.9)
18 (58.1)

0.011
0.033

Severe Hypoglycemia, n (%) 
Yes
No

4 (13.3)
25 (83.3)

5 (16.1)
25 (80.6)

1.000

Hyperglycemic crisis, events per patient year
0
1
N/A

27 (90)
1 (3.3)
2 (6.7)

26 (83.8)
1 (3.2)
4 (13)

0.935
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variable regression to adjust for potential confounders, 
such as duration of diabetes or baseline disease severity. 
Consequently, the observed associations remain unadjusted 
and should be interpreted with caution. Also, the cross-
sectional design and use of convenience sampling may 
introduce selection bias, as patients with more complex 
management needs were more likely to be technology 
users. Specifically, the small number of standalone insulin 
pump users (6%) precluded a robust three-way subgroup 
analysis between CGM, CSII, and AID users. While these 
technologies are distinct, lumping them allowed for a 
broader assessment of the impact of technology adoption 
versus traditional management within our clinical context.

The study revealed that patients with more complex 
glycemic management needs primarily used advanced 
diabetes technologies as reflected by their higher HbA1c 
levels. AID systems demonstrated superior glycemic 
stability and a reduced risk of hypoglycemia, supporting 
their targeted use in high-risk patients. However, effective 
use of diabetes technology requires adequate training, 
continuous patient support and comprehensive education. 
Future research should focus on longitudinal studies to 
better understand and address barriers to optimal glycemic 
outcomes among diabetes technology users.

Conclusion 

This study found a high rate of diabetes technology 
adoption at our center, highlighting its potential to reduce 
the risk of hypoglycemia and improve glycemic stability.
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on the most recent clinical parameters, these findings might 
capture a population with more complex management 
needs that require ongoing, intensive support. 

Consistent with established literature, our findings 
suggest that diabetes technology is effective in mitigating 
hypoglycemia risk.11 In our cohort, severe hypoglycemia 
events—defined as episodes requiring external assistance—
occurred less frequently among technology users (13.3%) 
compared to non-technology users (16.1%). This difference 
did not reach statistical significance. Furthermore, CGM 
data indicated that both AID and CGM users maintained 
a low incidence of time spent in the clinically significant 
hypoglycemic range (<54 mg/dL), supporting the role of 
these technologies in improving glycemic stability and 
preventing dangerous low blood sugar events. 

Additionally, in our cohort, 56% of technology users were 
covered under Thailand's Universal Coverage Scheme, 
underscoring the expanding role of the National Health 
Security Office (NHSO) in improving access to advanced 
diabetes care. However, the remaining 44% of technology 
users relied on out-of-pocket payments or private insurance, 
suggesting that socioeconomic factors and individual 
affordability still play a major role in technology adoption 
in Thailand. This disparity highlights a potential selection 
bias whereby more affluent patients may be more likely to 
utilize these devices. Future policy efforts should focus on 
broader reimbursement to ensure that clinical need, rather 
than financial status, is the primary driver of technology 
use.12

The strengths of this study include a detailed exploration 
of demographic characteristics and CGM metrics among 
diabetes technology users. However, the limitations 
include a small sample size and the cross-sectional study 
design, which limit the ability to determine long-term 
glycemic improvements. In this study, a formal sample 
size calculation was not performed. Instead, a convenience 
sampling method was employed, including all 61 eligible 
patients with Type 1 Diabetes who attended the Diabetes 
clinic during the study period. We acknowledge this small 
sample size as a limitation that may impact the study's 
statistical power and the generalizability of the results. 
Moreover, the small sample size precluded the use of multi-

Table 3. Summary of CGM metrics of the technology-user T1D patients
Factor CGM-only (n = 17) AID (n = 11) P-value

HbA1C: Median (IQR) 7.9 (7.0, 8.8) 7.6 (7.2, 8.0) 0.429
TIR (70 – 180 mg/dL) (%) 54.0 ± 23.8 67.6 ± 16.0 0.125
TAR (181-250 mg/dL) (%): 27.9 ± 19.7 23.0 ± 9.3 0.478
TAR (>250 mg/dL) (%) 15.4 ± 16.1 10.6 ± 11.0 0.417
TBR (54-69 mg/dL) (%): Median (IQR) 2.0 (1.0, 4.0) 1.5 (0.0, 2.8) 0.355
TBR (<54 mg/dL) (%) Median (IQR) 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 0.065
Average glucose, mg/dL 173.6 ± 46.3 164.2 ± 28.2 0.576
GMI, % 7.5 ± 1.2 7.2 ± 0.8 0.555
Glucose variability (%CV) 35.6 ± 7.0 35.8 ± 6.1 0.940
Data are presented as mean ± SD unless stated otherwise. 
TIR = Time in range, TAR = Time above range, TBR = Time below range, GMI = Glucose management indicator
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