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ABSTRACT

Introduction:  Health2Sync (H2S) is a digital 
health technology platform that provides coach‑
ing and titration support to patients with dia‑
betes. The Mallya cap converts a conventional 
insulin pen into a smart connected device that 
can automatically synchronize dose values and 
associated timestamps (upon injection) to the 
H2S platform. This single-arm real-world study 
evaluated the effectiveness of insulin glargine 

300 U/mL (Gla-300) combined with H2S and 
Mallya cap (Gla-300 + Cap + App program) on 
clinical outcomes among users with type 2 dia‑
betes (T2D) in Taiwan.
Methods:  Adults (aged ≥ 20 years) with T2D 
who were registered H2S users and initiated 
Mallya cap for a new/existing Gla-300 regimen 
(identification period May  1, 2021–May  31, 
2022) were included in this retrospective cohort 
study. Follow-up data from H2S were collected 
for 90  days. Glycated hemoglobin (HbA1c) 
change (baseline to follow-up) and HbA1c goal 
attainment were primary outcomes. Hypoglyce‑
mia incidence and usage metrics of Mallya cap 
were secondary outcomes.
Results:  Of 83 participants, 38.6% were new 
Gla-300 users. HbA1c was reduced in both new 
(− 2.4 [2.7] %, − 26.2 [29.5] mmol/mol) and pre‑
vious Gla-300 users (− 0.5 [1.6] %, − 5.5 [17.5] 
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mmol/mol). Reduction in HbA1c was significant 
(p < 0.05) in both groups. At follow-up, 43.4% 
of users had a reduction of > 0.5%. Mean HbA1c 
reductions increased numerically with higher 
baseline HbA1c and with longer duration of 
Mallya cap usage.
Conclusions:  Use of digital technology 
within a connected ecosystem such as Gla-
300 + Cap + App program could help people 
with type 2 diabetes to improve their glycemic 
condition.

Keywords:  Digital applications; Digital 
healthcare; Digital technology; Gla-300; 
Glycemic outcomes; HbA1c; Hypoglycemia; 
Real-world; Type 2 diabetes

Key Summary Points 

Why carry out this study?

Connected digital health ecosystems have 
the potential to reduce barriers for optimal 
basal insulin therapy in people with type 2 
diabetes.

We assessed the real-world effectiveness of 
using insulin glargine 300 units/mL (Gla-
300) in conjunction with the Mallya cap and 
Health2Sync (H2S) app, in people with type 2 
diabetes in Taiwan.

What was learned from the study?

Glycemic control improved with Gla-
300 + Mallya cap + H2S app.

Using the Mallya cap and H2S app may sup‑
port diabetes self-care behaviors to improve 
treatment outcomes in people with type 2 
diabetes on basal insulin.

INTRODUCTION

The International Diabetes Federation (IDF) 
Atlas reported that in 2021, 537 million people 
had diabetes globally; of these, type 2 diabetes 
is estimated to account for over 90% of cases [1, 

2]. This number is predicted to increase by 46% 
to 783 million by 2045, with 94% of the rise 
expected to occur in low- and middle-income 
countries [1]. In South East Asia, the num‑
ber of people living with diabetes is expected 
to increase by approximately 68% during this 
period, from 90 to 152 million [1]. This substan‑
tial change is likely to be driven by several fac‑
tors, including the increasing westernization of 
lifestyles and diets, as well as Asian populations 
having a higher risk of developing diabetes at 
lower body mass index (BMI) [3, 4]. In Taiwan, 
the IDF 2021 estimate for the number of peo‑
ple with diabetes was 2.5 million [1]. Previous 
estimates indicated that the prevalence of type 
2 diabetes (T2D) in Taiwan was approximately 
0.7 million in 2000 and 1.6 million in 2007, 
which suggests increasing prevalence of diabetes 
in Taiwan [5], particularly among people over 65 
and under 40 years of age [6].

In a Taiwanese real-world registry study, 836 
people with type 2 diabetes with mean baseline 
HbA1c 10.1% (87.0 mmol/mol) on oral antihy‑
perglycemic drugs were treated with basal insu‑
lin (BI) for 24 weeks [7]. Mean HbA1c at 24 weeks 
was reduced to 8.7% (72.0  mmol/mol), and 
only 11.9% achieved the target of HbA1c < 7.0% 
(53.0 mmol/mol). Treatment adherence in the 
study was high and most participants admin‑
istered their BI daily. This observation reveals 
that suboptimal insulin titration may be respon‑
sible for the low rate of HbA1c target achieve‑
ment. A more recent study based on data from 
the Taiwan Diabetes Registry included partici‑
pants with T2D diagnosed within 6 months 
(n = 3297) or with long-term follow-up (n = 1201) 
[8]. This study reported mean HbA1c values of 
8.4% (68.0 mmol/mol) and 7.6% (60.0 mmol/
mol), respectively, [8] which suggests that many 
patients with T2D in Taiwan are still not achiev‑
ing HbA1c < 7.0% (53.0 mmol/mol) and that fur‑
ther improvements in diabetes management are 
needed.

Suboptimal insulin titration has been widely 
observed in patients with T2D, and may reflect 
patient concerns regarding the risk of hypogly‑
cemia [9, 10]. However, the second-generation 
BI analogue insulin glargine 300 U/mL (Gla-300) 
offers a more stable and prolonged pharmacoki‑
netic and pharmacodymamic profile compared 
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with first-generation BI analogues [11], and has 
been shown to provide lower rates of hypogly‑
cemia (particularly overnight) in Asia Pacific 
and Japanese populations with T2D [12, 13]. 
Nevertheless, evidence suggests that Gla-300 is 
still suboptimally titrated in real-world practice, 
limiting its clinical potential [14].

Digital health technology and monitoring 
systems that document the quality of diabetes 
care can help people with diabetes to manage 
BI titration, improving glycemic control and 
clinical outcomes [2, 15]. Health technologies 
may help reduce the barriers to optimal insu‑
lin therapy with connected systems simplify‑
ing dose recording and glucose monitoring, 
which may empower patients in clinical con‑
versations and help to make the connection 
between insulin use and blood glucose levels 
[2, 16]. Health2Sync (H2S) is a digital platform 
that provides diabetes management/self-man‑
agement functionality, including coaching and 
titration advice from physicians for patients to 
follow [17, 18]. Diabetes apps such as H2S can be 
linked to smart devices such as the Mallya cap, 
which converts a conventional insulin pen into 
a connected device that automatically records 
treatment information (e.g., dose, time/date) 
[19]. Gla-300 treatment with support from a 
connected digital ecosystem solution including 
the H2S app plus Mallya cap may assist patients 
with their diabetes management. The aim of 
this study was to evaluate the effectiveness of 
the Gla-300 + Cap + App program on clinical out‑
comes among patients with T2D in Taiwan.

METHODS

Data Collection

The H2S app and web-based Patient Manage‑
ment platform were used to collect the data 
from registered users, as has been previously 
described [20, 21]. Data collected from the 
H2S app were either entered by healthcare 
providers along with the measurement tim‑
ing or synchronized from clinical laboratories, 
hospitals, or National Health Insurance (NHI) 
coverage in real time. Data from the H2S app 

comprised synchronized data from electronic 
medical records, patient glucose meters, and 
the Mallya cap, including vitals, lab results, 
diagnoses, treatment prescriptions, insulin 
dose, self-monitored blood glucose values, and 
hypoglycemia incidence, in addition to data 
that were patient-reported or entered by care 
providers such as demographics and disease 
characteristics (diabetes type and duration).

Study Design

This was a retrospective cohort study including 
users with T2D registered on the H2S app and 
initiating Mallya cap use for a new or existing 
Gla-300 regimen. Users were identified between 
May 1, 2021 and May 31, 2022 and the study 
period was January 31, 2021 to August 31, 2022. 
The index date was defined as the date of the 
first record of insulin dose captured by Mallya 
cap during the user identification period. The 
baseline period was up to 90 days prior to the 
index date, while the follow-up period began on 
the index date and ended at 90 days after the 
index date. This study was conducted in accord‑
ance with the guidelines for Good Epidemiol‑
ogy Practice and the Declaration of Helsinki. The 
study was approved by the local Institutional 
Review Board of the National Taiwan University 
Hospital (202211018RSC) and Kaohsiung Chang 
Gung Hospital (202201756B0A3). The study 
used de-identified data from H2S retrospectively 
and patients were not recruited specifically for 
this study. All patients who registered to use the 
H2S app provided consent for their data to be 
analyzed for research purposes. Permission was 
obtained from the owners of H2S to conduct this 
research using data from the platform.

Study Population

Inclusion criteria were as follows: users with T2D 
registered on the H2S app who had at least one 
Mallya cap-synced record during the baseline 
and follow-up periods (date of the first record as 
index date) for a new or existing Gla-300 regi‑
men during the user identification period; active 
Mallya cap use with synced insulin dose records 
for ≥ 3 days per week for the first 2 weeks after 
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the index date (inclusive); and age ≥ 20 years 
old at index date. Participants were required 
to have had at least one HbA1c value (based on 
hospital or NHI records) in the baseline period 
through the 14-day post-index period (to allow 
for capture of HbA1c values for tests that were 
conducted in the baseline period but reported 
within 14 days post-index); and at least one 
HbA1c value (hospital or NHI records) in the 
15–90-day post-index follow-up period (plus a 
30-day grace period to allow for capture of HbA1c 
values from tests conducted at the end of the 
follow-up period). Users whose diabetes status 
could not be confirmed through International 
Classification of Diseases 10th Revision (ICD-
10) diagnostic codes or self-reported diabetes 
type information, or those with type 1 diabetes 
(T1D), were excluded.

Baseline Variables

Key baseline variables in the study were defined 
as follows. Comorbidities were listed as continu‑
ous and categorical variables and defined using 
the Charlson comorbidity index. Diabetic com‑
plications were considered individually. HbA1c 
value reported was that closest to the index date 
during the 90-day pre-index and 14-day post-
index periods. Fasting blood glucose reported 
was that obtained closest to the index date dur‑
ing the baseline period. Hypoglycemia incidence 
was defined as blood glucose value ≤ 70 mg/ dL 
or at least one ICD-10 code for hypoglycemia 
during the baseline period. H2S tenure was 
defined as the interval (in days) between the 
index date and the first self-reported or synced 
observation after the app registration date.

Study Outcomes

The primary outcomes were change in HbA1c 
from baseline to follow-up and HbA1c goal 
attainment, including the proportion of users 
that reached the target of 7.0% (< 53.0 mmol/
mol) during the follow-up period, and the 
proportion of users that had a reduction of 
> 0.5% (5.5 mmol/mol) from baseline to follow-
up. Follow-up HbA1c was defined as the value 
recorded closest to day  90 in the follow-up 

period. Secondary outcomes included occur‑
rence of hypoglycemia (anytime and noctur‑
nal), and usage metrics for Mallya cap. Noc‑
turnal hypoglycemia was assessed according to 
two separate time windows (i.e., standard win‑
dow of 00:00–05:59 and expanded window of 
22:00–07:00) and two alternate blood glucose 
thresholds (i.e., ≤ 70 mg/dL [≤ 3.9 mmol/L] and 
< 54 mg/dL [3.0 mmol/L]). Duration of Mallya 
cap use was defined as the difference (in days) 
between date of last Mallya cap use during 
follow-up and index date. The mean length of 
gaps between Mallya cap use was calculated by 
dividing the number of days of no synced val‑
ues by the number of gaps in use during follow-
up. Mallya cap discontinuation was defined as 
no synced record for ≥ 28 days following the 
last synced record during the 90-day follow-up 
period.

Statistical Analysis

Sample size justification was based on preci‑
sion estimate (confidence interval for the HbA1c 
change in 3 months). With expected standard 
deviation (SD) of 0.9% and expected precision 
of ± 0.2%, the required sample size was 81. Study 
variables (including baseline covariates and out‑
come measures) were analyzed descriptively and 
are reported for the overall study population. 
Missing values were categorized as “Unknown/
Missing” for categorical variables. Chi-square 
and t tests were used to evaluate the statistical 
significance of differences in categorical and 
continuous variables, respectively. Correspond‑
ing p values are reported with a significance level 
of α = 0.05. Paired t tests were used to evaluate 
the average change in HbA1c from baseline to 
follow-up.

The primary endpoint (change in HbA1c) 
was stratified by prior use of Gla-300, baseline 
HbA1c category and duration of Mallya cap use 
(in months). New Gla-300 users were defined as 
those with a first Gla-300 dose on the index date 
or within the 14-day period prior to the index 
date and no Gla-300 use at any time before the 
14-day period prior to the index date. Previous 
Gla-300 users were those whose first Gla-300 
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dose occurred before the 14-day period prior to 
the index date.

RESULTS

Study Population

In total, 83 patients with type 2 diabetes were 
included (Supplementary Fig. 1), of whom 38.6% 
were new Gla-300 users. Of the 83 patients, 
55.4% were male, mean (SD) age at index date 
was 49.2 (13.1) years and 31.3% had a diabetes 
duration of > 10 years (Table 1). New Gla-300 
users were younger on average (mean [SD] age 
45.5 [14.9] versus 51.6 [11.2] years, p = 0.03) and 
had a shorter duration of diabetes compared 
with previous users (9.4% versus 45.1% with 
duration > 10 years). The mean (SD) HbA1c at 
baseline was 8.4 (2.2) % (68.3 [24.0] mmol/mol) 
overall, and significantly higher for new Gla-300 
users (9.6 [2.3] %, 81.4 [25.1] mmol/mol) versus 
previous Gla-300 users (7.7 [1.8] %, 60.6 [19.7] 
mmol/mol, p < 0.01). The mean (SD) total daily 
BI dose in the baseline period was 18.8 (12.1) 
units and 19.9 (13.2) units in the new and pre‑
vious Gla-300 user groups, respectively. In the 
baseline period, 10 patients (12.0%) experienced 
hypoglycemia.

HbA1c Change and Goal Attainment

Mean (SD) HbA1c change from baseline to fol‑
low-up was − 1.2 (2.3) % (− 13.1 [25.1] mmol/
mol) for the total population, − 2.4 (2.7) % 
(− 26.2 [29.5] mmol/mol) in new Gla-300 
users, and − 0.5 (1.6) % (− 5.5 [17.5] mmol/
mol) in previous Gla-300 users (Fig. 1a); this 
change was statistically significant in all groups 
(p < 0.05). Overall, users with HbA1c ≥ 10.0% 
(86.0 mmol/mol) at baseline experienced the 
largest change in HbA1c level in the follow-up 
period. Similar trends were observed for both 
new and previous Gla-300 users with larger 
reductions in HbA1c as baseline HbA1c increased 
(Supplementary Table 1). For the total popula‑
tion, mean change in HbA1c was greatest with 
3 months’ duration of Mallya cap use (− 1.3 
[2.1] %, − 14.2 [23.0] mmol/mol) compared 

with < 2 months (− 1.1 [2.5] %, − 12.0 [27.3] 
mmol/mol) or 2 to < 3 months (− 1.2 [2.3] %, 
− 13.1 [25.1] mmol/mol) (Fig. 1b).

Overall, the proportion of users achiev‑
ing HbA1c < 7.0% (53.0 mmol/mol) increased 
from 32.5% at baseline to 44.6% at follow-up 
(Fig. 2a); this increase was mainly in new Gla-
300 users, of whom 12.5% had HbA1c < 7.0% 
(53.0  mmol/mol) at baseline versus 40.6% 
at follow-up. Stratification by baseline 
HbA1c showed that the goal of HbA1c < 7.0% 
(53.0 mmol/mol) at follow-up was achieved 
by 77.8% of users who had a baseline HbA1c 
of < 7.0% (53.0 mmol/mol). Among higher-
baseline HbA1c groups, target achievement 
ranged from 18.2% for users with baseline 
HbA1c of 9.0–9.9% (75.0–85.0 mmol/mol) to 
37.5% of users with baseline HbA1c of ≥ 10.0% 
(86.0 mmol/mol, Supplementary Table 1).

Stratification by Mallya cap use showed that 
HbA1c < 7.0% (53.0 mmol/mol) at follow-up was 
achieved by 48.0%, 45.0%, and 42.1% of users 
with Mallya cap use duration of < 2 months, 
2 to < 3 months, and 3 months, respectively 
(Fig.  2b). No obvious trend in Mallya cap 
use was observed for new (50.0%, 14.3% and 
46.7% at < 2, 2 to < 3 months and 3 months, 
respectively) or previous Gla-300 users (46.7%, 
61.5% and 39.1% at < 2, 2 to < 3 months, and 
3 months, respectively).

HbA1c reduction > 0.5% (5.5  mmol/mol) 
was achieved by 65.6% of new Gla-300 users 
and 29.4% of previous Gla-300 users (Fig. 3a). 
The proportion of users with a HbA1c reduc‑
tion from baseline to follow-up of > 0.5% 
(5.5 mmol/mol) increased steadily with base‑
line HbA1c, from 7.4% of users with a baseline 
HbA1c of < 7.0% (53.0 mmol/mol) achieving 
this reduction up to 100% of users with a base‑
line HbA1c ≥ 10.0% (86.0 mmol/mol) achieving 
this goal (Supplementary Table 1). An HbA1c 
reduction of > 0.5% (5.5  mmol/mol) was 
achieved by 36.0%, 40.0%, and 50.0% of users 
with Mallya cap use duration of < 2 months, 
2 to < 3 months, and 3 months, respectively 
(Fig. 3b). Similar trends were observed for new 
(60.0%, 57.1%, and 73.3% at < 2, 2 to < 3, and 
3 months, respectively) and previous Gla-300 
users (20.0%, 30.8%, and 34.8% at < 2, 2 to < 3, 
and 3 months, respectively).
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Table 1   Baseline demographic and clinical characteristics for total population and by prior Gla-300 use

Type 2 diabetes popula-
tion (N = 83)

New Gla-300 users 
(n = 32)

Previous Gla-300 
users (n = 51)

p value

Age, years, mean (SD) 49.2 (13.1) 45.5 (14.9) 51.6 (11.2) 0.03

Age group, n (%)

 20–25 4 (4.8) 4 (12.5) 0 (0) 0.03a

 26–49 38 (45.8) 16 (50) 22 (43.1)

 50–64 28 (33.7) 7 (21.9) 21 (41.2)

 ≥ 65 13 (15.7) 5 (15.6) 8 (15.7)

Sex, male, n (%) 46 (55.4) 19 (59.4) 27 (52.9) 0.47

Diabetes duration, years, n (%) < 0.01a

 < 1 15 (18.1) 9 (28.1) 6 (11.8)

 1–2 9 (10.8) 5 (15.6) 4 (7.8)

 3–5 8 (9.6) 1 (3.1) 7 (13.7)

 6–10 14 (16.9) 8 (25.0) 6 (11.8)

 > 10 26 (31.3) 3 (9.4) 23 (45.1)

 Missing/unknown 11 (13.3) 6 (18.8) 5 (9.8)

HbA1c, %, mean (SD) 8.4 (2.2) 9.6 (2.3) 7.7 (1.8) < 0.01

 < 7.0%, n (%) 27 (32.5) 4 (12.5) 23 (45.1) NAb

HbA1c, mmol/mol, mean (SD) 68.3 (24.0) 81.4 (25.1) 60.6 (19.7) < 0.01

FBG, mg/dL, mean (SD)c 130.6 (49.0) 155.4 (72.5) 119.8 (28.9) < 0.01

History of any hypoglycemia 10 (12.0) 0 (0) 10 (19.6)

Diabetes complications, n (%)

 Hypertension 33 (39.8) 4 (12.5) 29 (56.9) < 0.01

 Hyperlipidemia 54 (65.1) 11 (34.3) 43 (84.3) < 0.01

 Neuropathy 2 (2.4) 0 (0) 2 (3.9) 1a

 Retinopathy 1 (1.2) 0 (0) 1 (1.9) 1a

 Obesity 1 (1.2) 0 (0) 1 (1.9) 1a

 Chronic kidney disease 9 (10.8) 4 (12.5) 5 (9.8) 0.72a

CCI score, mean (SD) 0.3 (0.7) 0.2 (0.6) 0.3 (0.6) 0.53

CCI score, n (%)

 0 69 (83.1) 29 (90.6) 40 (78.4) NAb

 1 6 (7.2) 0 (0.0) 6 (11.8)

 2 7 (8.4) 2 (6.3) 5 (9.8)
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Mallya Cap Usage

Mean (SD) duration of Mallya cap use was 71.4 
(25.4) days and median (range) was 87 (13–91) 
days. During this period, the mean (SD) num‑
ber of days that Mallya cap was used to capture 
insulin dose values was 57.8 (25.2) days (median 
[range] 62 [13–90] days). The mean (SD) length 
of gaps between Mallya cap use was 2.4 (6.0) 
days (median [range] 1.3 [0–54] days) and 4 
(4.8%) participants discontinued Mallya cap use 
during the follow-up period.

At follow-up, the mean (SD) total daily Gla-
300 dose recorded using Mallya cap and H2S 
App was 22.2 (14.7) units and 23.4 (13.4) units 
in the new and previous Gla-300 user groups, 
respectively. The mean change in Gla-300 dose 
from baseline to follow-up was similar between 
the two groups (mean [SD], 3.3 [16.5] units in 
new user group and 3.4 [9.2] units in previous 
user group).

Hypoglycemia

In total, 27.7% of the 83 patients experienced 
any hypoglycemia during follow-up, with an 

event rate of 3 per person per year (PPPY; Sup‑
plementary Table 2). When a standard time win‑
dow was used to assess nocturnal hypoglycemia, 
six program users (7.2%) experienced noctur‑
nal hypoglycemia ≤ 70 mg/dL (≤ 3.9 mmol/L), 
while one user (1.2%) experienced nocturnal 
hypoglycemia < 54 mg/dL (3.0 mmol/L), with 
an event rate of 0.6 PPPY and 0.1 PPPY, respec‑
tively. When an expanded window was used 
to assess nocturnal hypoglycemia, the pro‑
portions of patients experiencing nocturnal 
hypoglycemia ≤ 70  mg/dL (3.9  mmol/L) and 
< 54 mg/dL (3.0 mmol/L) increased to 15.7% 
and 4.8%, respectively. The event rates were 1.5 
and 0.2 PPPY for ≤ 70 mg/dL (3.9 mmol/L) and 
< 54 mg/dL (3.0 mmol/L), respectively.

DISCUSSION

This study showed that the use of Gla-300 along 
with the Mallya cap and H2S app in a small Tai‑
wanese population with T2D was associated 
with meaningful reductions in mean HbA1c. 
Mean HbA1c reductions increased numerically 
with higher baseline HbA1c and with longer 
duration of Mallya cap usage. HbA1c reductions 

Table 1   continued

Type 2 diabetes popula-
tion (N = 83)

New Gla-300 users 
(n = 32)

Previous Gla-300 
users (n = 51)

p value

 ≥ 3 1 (1.2) 1 (3.1) 0 (0.0)

OAD classes, mean (SD) 2.6 (1.1) 2.2 (0.9) 2.6 (1.1) < 0.01

Baseline insulin use, n (%) 67 (80.7) 18 (56.3) 49 (96.1) 0.28a

 Basal 67 (80.7) 18 (56.3) 49 (96.1) 0.28a

 Prandial 7 (8.3) 0 (0) 7 (13.7) 0.18a

 Fixed-ratio combination 2 (2.4) 1 (3.1) 1 (1.9) 0.48a

H2S tenure, days, mean (SD) 185.9 (230.6) 73.3 (257.8) 256.5 (181.1) < 0.01

CCI Charlson comorbidity index, FBG fasting blood glucose, Gla-300 insulin glargine 300 units/mL, H2S Health2Sync, 
OAD oral antihyperglycemic drug, SD standard deviation
a Fisher’s exact test was used for categorical variables when chi-square cell size assumptions were not met
b Significance could not be computed as a result of chi-square and Fisher’s exact test cell-size assumptions not being met
c Patients with baseline FBG value, n = 69 for total type 2 diabetes population, n = 21 for new Gla-300 users and n = 48 for 
previous Gla-300 users
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were largest in new Gla-300 users compared with 
prior Gla-300 users, though this may be attrib‑
uted in part to initiating or switching to Gla-300 
therapy and to the higher baseline HbA1c values 
for new Gla-300 users (mean 9.6% [81.0 mmol/
mol] versus 7.7% [61.0 mmol/mol] for prior 
users) and a lower proportion of patients hav‑
ing baseline HbA1c < 7.0% (53.0  mmol/mol) 
(13% of new users versus 45% of prior users). 
For new Gla-300 users, at follow-up mean 

change in HbA1c was − 2.4% (− 26.2  mmol/
mol), 41% achieved HbA1c < 7.0% (53.0 mmol/
mol), and 66% had a HbA1c reduction > 0.5%. 
For prior Gla-300 users, mean change in HbA1c 
was − 0.5% (− 5.5 mmol/mol) and 47% achieved 
HbA1c < 7.0% (53.0  mmol/mol); 29% had a 
HbA1c reduction > 0.5%. Overall, total daily Gla-
300 dose increased from baseline to follow-up 
with a mean increment of 3 units observed in 
both groups. These findings suggest that use 

Fig. 1   Mean change in HbA1c from baseline to follow-up stratified by a prior Gla-300 use and b duration of Mallya cap use. 
*P < 0.05. Gla-300 insulin glargine 300 units/mL, SD standard deviation
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of digital healthcare tools within a connected 
ecosystem such as the Mallya cap and H2S app 
along with Gla-300 can improve diabetes care-
related behaviors and treatment outcomes, even 
in participants who have already received Gla-
300. An HbA1c reduction > 0.5% (5.5  mmol/
mol) was achieved by half of all those who used 
Mallya cap for 3 months.

The mean age of participants in this 
study was younger than that reported for a 

2016 Taiwanese registry study (49.2 versus 
62.2 years) [7], but was closer to that reported 
for a 2021 Taiwanese registry study (54.4 years) 
[8]. It was notable that approximately 50% of 
participants in the current study were aged 
between 20 and 49 years old, suggesting that 
young-onset diabetes is now an emerging issue 
in Taiwan. Mean baseline HbA1c values of 9.6% 
(81.0 mmol/mol) in the new Gla-300 group 
were similar to values of 10.1% (87.0 mmol/

Fig. 2   HbA1c goal achievement of HbA1c < 7.0% (53.0 mmol/mol) at baseline and follow-up stratified by a prior Gla-300 
use and b duration of Mallya cap use. Gla-300 insulin glargine 300 units/mL
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mol) reported in a BI-naïve Taiwanese popu‑
lation in the 2016 study [7] and higher than 
the 8.4% (68.0 mmol/mol) value reported in 
the newly diagnosed group from the 2021 
study [8]. Following treatment, the improve‑
ment in proportion of participants achieving 
HbA1c < 7.0% (53.0 mmol/mol) in this study 
from 32.5% to 44.6% was comparable to the 
improvement in the 2016 study (11.9%) [7], 
although notably the 2016 study only included 

participants with suboptimal glycemic control 
at baseline (HbA1c > 7.0% [53.0 mmol/mol]).

Gla-300 offers a more stable and prolonged 
pharmacokinetic and pharmacodymamic pro‑
file compared with first-generation BI analogues 
[11], and has been associated with lower rates 
of hypoglycemia versus the first-generation BI 
analogue Gla-100 [12, 13]. In this study, less 
than one-third of participants experienced any 
hypoglycemia with a mean rate of 3 events PPPY 

Fig. 3   HbA1c reduction > 0.5% (5.5 mmol/mol) at follow-up stratified by a prior Gla-300 use and b duration of Mallya cap 
use. Gla-300 insulin glargine 300 units/m
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over a 90-day follow-up. By comparison, in the 
DELIVER program of retrospective cohort studies 
comparing Gla-300 versus other BIs, the rate of 
any hypoglycemia ranged from 0.35 to 0.85 PPY 
with 6 months follow-up [22]. However, it is 
notable that the mean HbA1c reduction for new 
Gla-300 users in the current study (2.4%) was 
greater than that reported in DELIVER, even in 
the naïve-patient populations with the biggest 
HbA1c reduction (1.5–1.7%). These results may 
reflect the convenience of a daily app for self-
recording of blood glucose levels and hypogly‑
cemia events, resulting in a higher number of 
events being captured. Additionally, the impact 
of using the Mallya cap and H2S app could drive 
more active BI titration, particularly in new Gla-
300 users, which may translate to a higher rate 
of hypoglycemia, as has been reported previ‑
ously with patient-led active titration [23].

Digital systems such as the H2S app and plat‑
form can help healthcare providers to supervise 
more patients by allowing remote monitoring 
of insulin treatment. Therefore, studies such as 
this are important to analyze the contribution of 
H2S and Mallya cap to diabetes management, in 
particular with initiating and titrating BI. In one 
real-world study, moderate- or high-frequency 
use of the H2S app was associated with greater 
improvements in HbA1c values compared with 
those who used the app less often [20]. Strengths 
of this study include the automatic recording 
of insulin dose, which enables accurate meas‑
urement and timing of doses. This provided 
detailed information on adherence, remov‑
ing the need for assumptions that can lead to 
bias in real-world studies where adherence data 
is typically derived from claims databases and 
electronic medical records. The convenience of 
the digital ecosystem enables patients to record 
events such as hypoglycemic episodes soon after 
they occur, minimizing the recall bias associated 
with reporting events only at appointments. A 
number of potential study limitations should be 
highlighted. Firstly, there was no control group 
in this study to assess the effectiveness of the 
program versus standard care or Gla-300 alone 
without Mallya Cap, and the small sample size 
may not allow robust statistical inference, par‑
ticularly for some subgroup analyses. Also, as 
only 16% of the overall study population were 

aged ≥ 65  years, further studies with a larger 
proportion of older patients may be useful to 
further understand the benefit of the digital 
ecosystem to patients of all ages. As a result of 
the nature of H2S data, behaviors such as exer‑
cise that could have impacted glycemic control 
could not be analyzed. Additionally, medication 
use and diagnosis information prior to H2S app 
registration were not available, potentially intro‑
ducing bias to the definition of new users, and 
to the reporting of results such as diabetes dura‑
tion and comorbidities. Identifying diabetes and 
comorbidities relied on use of the ICD-10 diag‑
nosis field, leading to the potential for coding 
inaccuracies. Furthermore, patient comorbidity 
burden may also have been underestimated for 
patients without electronic medical records. 
Environmental factors in the laboratory may 
have affected HbA1c measurement, and erro‑
neous self-reported information (e.g., manual 
entry of self-monitored blood glucose) is a pos‑
sibility. Finally, prescription drug data were used 
to indicate prescribed medications, but the data 
do not confirm whether medication other than 
Gla-300 was used by the patient.

CONCLUSION

Overall, our study results suggest that the Gla-
300 + Cap + App program could help to improve 
the glycemic condition of patients with T2D and 
may aid both new and previous insulin users 
in conquering clinical inertia. The single-arm, 
real-world study design had inherent limita‑
tions; nevertheless, use of the Mallya cap + H2S 
app program resulted in reductions of HbA1c and 
high goal attainment for both new and previ‑
ous Gla-300 users. Further prospective studies 
and randomized controlled trials are needed to 
confirm these findings.
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