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Summary
Background Improvements in glycemic outcomes have stalled since 2010 in several international surveys. We previ-
ously reported improvements in glycemic control in 2007-2014 in Hong Kong coinciding with primary care
reforms, use of dipeptidyl-peptidase 4 inhibitors (DPP-4is) and metformin. The aim of this study was to estimate
more recent trends in drug use and glycemic outcomes following introduction of newer classes of glucose-lowering
drugs (GLDs).

Methods Using population-based data from the Hong Kong Diabetes Surveillance Database, we explored age-spe-
cific trends in proportion of patients reaching glycemic targets and incidence rates of severe hypoglycemia (SH) in
963,612 adults with diabetes in 2002-2019. We further assessed patterns of GLDs utilisation by presence of athero-
sclerotic-cardiovascular disease (ASCVD), heart failure, and estimated-glomerular filtration rate (eGFR).

Findings Following rapid decline in HbA1c from 7¢7% to 7¢2% in 2005-2014 (annual percentage change [APC]=
-0¢8, 95% CI:-1¢0,-0¢6), standardized mean HbA1c plateaued since 2014 (HbA1c 7¢2% in 2019, APC=0¢0, 95% CI:-
0¢2, 0¢2). The incidence rates of SH declined from 3¢4 to 0¢7 events per 100-person years, but improvements levelled
off since 2014. Use of metformin steadily increased (41¢1 to 58¢7%), sulfonylureas decreased (52¢2 to 31¢1%) while
insulin remained static in 2002-2019. Adoption of DPP-4is slowed following initial rapid uptake in 2007-2011.
DPP-4is remained the most widely prescribed newer GLD in all ages (14¢3% in 2019). Use of glucagon-like-peptide 1
receptor agonists (GLP1-RAs) and sodium glucose co-transporter-2 inhibitors (SGLT2is) increased rapidly in 2015-
2019 with 0¢5% and 6% of users respectively in 2019.

Interpretation Following rapid improvement in 2007-2014, glycemic control and SH rates had plateaued despite
changing patterns of newer GLDs use in Hong Kong.
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Introduction
There have been major updates in international guide-
lines on use of glucose-lowering drugs (GLDs) in type 2
diabetes (T2D) recommending a patient-centered and
personalised approach to diabetes management.1,2 Fol-
lowing publications of cardiovascular outcome trials of
1
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Research in context

Evidence before this study

We searched PubMed with the terms “diabetes”,
“agent”, “drug”, “glycated hemoglobin (HBA1c)”, “hypo-
glycemia”, “glucose”, “trend”, and “pattern” for original
articles and reviews published up to Nov 30, 2021. Most
studies on the trends in drug utilisation patterns in dia-
betes were conducted in Western populations. These
studies have reported marked changes in prescribing
patterns of glucose-lowering drugs (GLDs) with a shift
towards newer agents. However, improvements in gly-
cemic outcomes have stalled since 2010. Since 2000,
Hong Kong has introduced a territory-wide, data-driven,
team-based diabetes care model. We previously
reported improvements in glycemic control in 2007-
2014 in Hong Kong coinciding with primary care
reforms and increasing use of DPP-4i and metformin,
but the latest trends in drug use and glycemic out-
comes following recent introduction of newer-GLDs has
not been investigated.

Added value of this study

This study reports the latest real-world practice of pre-
scribing GLDs and glycemic control in a Chinese-pre-
dominant population with mainly type 2 diabetes. Over
a span of 18 years between 2002 and 2019, we
observed plateauing of HbA1c after a period of reduc-
tion in HbA1c and severe hypoglycemia in 2007-2014,
mainly attributed to increasing use of DPP-4is and met-
formin and declining use of sulphonylureas. Despite
their high frequency of ASCVD, patients aged ≥75 years
were less likely to be prescribed SGLT2is, GLP-1RAs, and
TZDs than the 20-44 age-group who had persistently
poor glycemic control. In patients with CKD, there was
increasing use of DPP-4is with a lower proportions of
patients treated with SGLT2is.

Implications of all the available evidence

Younger adults consistently had the highest HbA1c with
the least improvement over time despite introduction
of new drug classes. This real-world evidence reinforced
the need to implement concerted and targeted actions
to close these treatment gaps with ongoing evaluation
of the impacts of these new drugs on clinical outcomes
for informing practice and policies.
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newer-classes of GLDs including glucagon-like peptide-
1-receptor agonists (GLP-1RAs) and sodium-glucose co-
transporter-2 inhibitors (SGLT2is),3,4 the 2018 Ameri-
can Diabetes Association (ADA) guideline recom-
mended use of these drugs in patients with established
atherosclerotic-cardiovascular-disease (ASCVD) or heart
failure.5 The latest 2022 guideline further prioritised
SGLT2is and GLP-1RAs as add-on to metformin therapy
in high-risk patients with ASCVD or chronic kidney dis-
ease (CKD).1
In several nationwide surveys, the prescribing pat-
terns of GLDs have shifted towards increasing use of
new drugs albeit not accompanied by improvement in
glycemic control.6-10 The latest reports in adults from
United States (US) showed a decline in percentage of
patients achieving glycated hemoglobin-A1c (HbA1c)
target of <7% since 2007.11 Using the Hong Kong Dia-
betes Surveillance Database (HKDSD) with data curated
from a territory-wide electronic-health-record (EHR)
system in 2002-2016, we reported improving trends in
HbA1c with reduced rates of hospitalization due to
severe hypoglycaemia (SH).12 This coincided with
increasing use of metformin, declining use of sulfony-
lureas and accelerating use of dipeptidyl-peptidase-4-
inhibitors (DPP-4is) against the rolling out of a data-
driven risk assessment and management program in
both secondary and primary care settings.5 There is con-
clusive evidence regarding the cardiovascular-renal pro-
tective effects of SGLT2i and GLP-1RAs.13 However,
there is a paucity of real-world-data (RWD) on prescrib-
ing trends of these two GLDs and glycemic control in
subpopulations which will provide insights on the
impact of the updated diabetes care guidelines.

In the current study, we used the territory-wide
HKDSD to examine updated trends in outcomes and
GLDs use over an 18-year period in 2002-2019 by esti-
mating the age-specific trends in HbA1c, SH rates and
GLDs use. We performed used the data to test the
hypothesis that patterns of GLDs utilisation and trends
in glycemic outcomes might vary by age and presence
of ASCVD, heart failure and eGFR categories.
Methods

Study participants
We conducted a retrospective cross-sectional analysis of
the trends of GLDs use and glycaemic outcomes using
data from the HKDSD, a real-world patient-level dataset
of people with diabetes identified from the Hong Kong
EHR system in 2000-2019. Hong Kong has 7¢5 million
population mainly of Southern Chinese descent with
universal health coverage through care provision by the
government-funded Hospital Authority (HA). The latter
operates all hospitals and clinics with on-site drug dis-
pensing which share a territory-wide EHR system since
2000. There were 43 hospitals/institutions, 49 special-
ist out-patient clinics (SOPCs), and 73 general out-
patient clinics (GOPCs) in the public sector, organised
into seven hospital clusters based on locations in 2020.
Over 90% of patients with diabetes were captured in
the HA EHR system. The HKDSD includes all people
who ever have had a measurement of either fasting-
plasma-glucose (FPG), random PG, 75-gram oral glu-
cose-tolerance-test (OGTT) with fasting and 2-h PG, or
HbA1c in 2000-2019. The HKDSD consists of a cohort
of people with normal blood glucose levels, people with
www.thelancet.com Vol 26 Month , 2022
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prediabetes, women with gestational diabetes, people
with diabetes and a sub-group of people with diabetes
who underwent structured assessment (eye, feet, blood
and urine) with data captured in the Risk Assessment
and Management Programme for Diabetes Mellitus
(RAMP-DM) module. The HKDSD provided compre-
hensive anonymised and de-identified data of clinical
parameters, including demographics, inpatient admis-
sions, diagnosis, medications, and laboratory tests. Data
on type of diabetes is available in the RAMP-DM mod-
ule but not in the overall HKDSD. Details of the
HKDSD profile was described elsewhere.14

We defined people with diabetes as those who met
one or more of the following criteria: 1) HbA1c ≥6¢5%
(48 mmol/mol); 2) FPG ≥7¢0 mmol/L; 3) 2-h OGTT
≥11¢1 mmol/L; 4) prescription of insulin for at least
28 days continuously; 5) prescription of non-insulin
GLDs; 6) recording of diagnosis code for diabetes based
on the International Classification of Diseases, Ninth
Revision (ICD-9): 250 at the SOPCs and during hospi-
talisation; or/and 7) recording of diagnosis code for dia-
betes based on the International Classification of
Primary Care, Second Edition (ICPC-2): T89 or T90 at
the GOPCs. We excluded women with gestational diabe-
tes, which was defined using ICD-9 code of
648¢8 or/and 2-h OGTT ≥8¢5 mmol/L during 24-28
gestational weeks. To avoid misclassifying acute stress
hyperglycaemia as diabetes, FPG records during hospi-
talisation were not used for defining diabetes.

The current version of HKDSD included
964,950 people who ever had diabetes in 2000-
2019. There were 963,612 unique patients identi-
fied with 93¢3% of them having at least one HbA1c
measurement. We limited our analyses to 2002-
2019 and excluded patients who died in 2000-2001.
We also excluded data from these 2 years to avoid
bias due to incomplete prescription data in the early
stage of establishment of the EHR.12 Finally, we
included 956,748 patients in drug utilisation and
SH analyses, and 895,511 patients in glycemic con-
trol analyses (Figure S1). The study was approved
by the local clinical research ethics committee. This
study is reported as per the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guideline (Table S1).
GLDs utilisation assessment
We extracted dispensing data of GLDs from the EHR
including drug name, dose, frequency, dispensing dura-
tion, start and end dates in 2000-2019. We grouped
GLDs into 8 categories12: insulins, metformin, sulfony-
lureas, alpha-glucosidase-inhibitors (AGIs), thiazolidi-
nediones (TZDs), DPP-4is, GLP-1RAs, and SGLT2is.
Combination formulations were counted as two differ-
ent GLDs filled in the same year based on its active
ingredients. For patients who were dispensed at least
www.thelancet.com Vol 26 Month , 2022
one GLD, we categorised them into non-insulin GLDs
(including GLP-1RAs), and insulin-only sub-groups.
Glycemic control and SH assessment
HbA1c was measured in publicly-funded accredited lab-
oratories which were harmonised against International
Federation of Clinical Chemistry and Laboratory Medi-
cine (IFCC) standards. For each individual, we calcu-
lated mean HbA1c within each calendar year to
categorise glycemic control. Annual mean HbA1c level
was divided into HbA1c ≥9¢0% (75 mmol/mol), 8¢0-
8¢9% (64-74 mmol/mol), 7¢0-7¢9% (53-63 mmol/mol),
6¢0-6¢9% (42-52 mmol/mol), and <6¢0% (42 mmol/
mol). Poor glycemic control was defined as HbA1c
≥9¢0%. The hospital discharge diagnosis (ICD-9 codes:
250¢80, 250¢81, 250¢82, 250¢83 and 251¢2; ICD-10:
E10¢649, E11¢65 and E16¢2) were used to define hospi-
talisation due to SH.
eGFR categories and ASCVD
For each individual, we calculated the mean eGFR
within each calendar year for defining the eGFR cate-
gory. The latter was defined according to the CKD epide-
miological-collaboration (CKD-EPI) equation15: ≥60, 45-
59, and <45 mL/min/1¢73 m2. The presence of ASCVD
was defined by discharge diagnoses from the earliest
hospitalisation records in the EHR in each calendar
year. We defined ASCVD as coronary arterial disease,
cerebrovascular disease, or peripheral arterial disease
presumed to be of atherosclerotic origin according to
the ADA 2021 Standards of Medical Care definitions
(Table S2).16
Statistical analyses
All descriptive statistics were reported as counts (per-
centages) or mean (standard deviation, SD).

We calculated the annual age- and sex-standardised
proportions of GLDs, incident rate of SH, and mean
value of HbA1c and proportions of HbA1c categories for
each calendar year using the 2008 population as the
standard further divided by 5-year age groups.12 In each
calendar year, we included people with diabetes alive at
the beginning of each year and people with diabetes first
captured in the HKDSD considered as newly diagnosed
diabetes during that year. We assumed that the distribu-
tion was binomial for proportions, normal for mean val-
ues of HbA1c, and Poisson for incidence rate of SH. In
each calendar year, we determined events of SH per 100
person-years at risk. The numerator was total number
of SH events, and the denominator was total observa-
tion time at risk (patent-years) within each calendar
year. The time at risk for each patient started from the
beginning of observation until the earliest date of occur-
rence of SH, death, or end of each calendar year. The
3
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date of death was determined from the Hong Kong
Death Registry.

We performed subgroup analyses by sex and age-
groups. In sex subgroup analyses, we calculated age-
standardised proportions, mean values, and incidence
rates of SH for men and women. We categorised
patients into: 20-44, 45-59, 60-74, and ≥75 years age-
groups, and calculated sex- and age-standardised pro-
portions, mean HbA1c values, and incidence rates of
SH using the standard population by 5-year age groups.
We performed subgroup analyses by presence of comor-
bidities (ASCVD, heart failure, and eGFR categories) for
the proportions of use of each GLD class as well as that
of treatment regimen (insulin-only, non-insulin GLDs,
and GLDs) for incidence SH rate. To calculate the inci-
dence rate of SH for each category, the total number of
SH events within each category was used as the numer-
ator and their summed total observation time, as the
denominator expressed as events per 100 person-years
at risk.

We used Joinpoint regression program (Version
4¢9¢0¢0) to examine the trends over time expressed as
average-annual-percentage change (AAPC) for the
entire observation period and annual-percentage-change
(APC) for each linear trend segment detected. We
adopted the Joinpoint software with the recommended
minimum and maximum number of joinpoints. It
started with zero number of joinpoint with a straight
line and tested whether more joinpoints were statisti-
cally significant using a Monte Carlo Permutation
method. The default value for the maximum num-
ber of joinpoints depends on the number of data
points (default=0 for 0-6 data points, default=1 for
7-11 data points, and default=2 for 12-16 data
points). We fitted the model with the uncorrelated
errors option. We repeated the analysis with differ-
ent values of the autocorrelation parameter (0¢1, 0¢2
and 0¢3), and incorporated the standard errors of
the proportions, mean values, and incidence rates
to correct heteroscedasticity.17
Sensitivity analyses
Since the proportion of patients with newly diagnosed
diabetes varied over time, this raised the concern that
changes of this proportion might influence the trends
in the incidence rates of SH. We performed sensitivity
analyses by excluding patients with incident diabetes in
each calendar year, defined as the first occurrence of
any episode fulfilling the criteria of diabetes. Since the
incidence rate of SH might vary amongst different types
of diabetes, we performed sensitivity analysis in a sub-
group of patients who had physician-diagnosed type 1 or
type 2 diabetes captured in the RAMP-DM module.
Amongst 956,748 patients in the main SH analysis,
567,194 (59.3%) patients were included in the RAMP-
DM module. Between 2002 and 2019, 3,058 (0.6%)
were diagnosed to have type 1 diabetes, 545,335
(99.16%), type 2 diabetes, and 1,576 (0.3%), other/miss-
ing type of diabetes. Data were analysed using R statisti-
cal software (Version 4¢0¢0). A two-sided P value of
<0¢05 was considered statistically significant.
Role of the funding source
A.Y. was funded by the CUHK Impact Research Fellow-
ship Scheme which did not have any role in study
design, data collection, data analysis, data interpreta-
tion, or writing of this report. A.L. had full access to
HKDSD data. E.C. is the guarantor of this work with
final responsibility for the decision to submit for publi-
cation.
Results
The number of patients with diabetes in the HKDSD in
each calendar year increased by 3¢9 times from 188,974
in 2002 to 753,374 in 2019 (Table 1). Over 18 years, the
mean (SD) age increased from 64¢4 (13¢3) to 67¢8 (13¢0)
years. The percentage of newly enrolled patients per-
year varied between 6¢9% and 21¢9% while the propor-
tions of patients with ASCVD increased from 16¢3% to
20¢0%. The mean (SD) number of HbA1c test per-year
per-patient increased from 1¢8 (1¢1) times in 2002 to 3¢4
(1¢9) times in 2019. The proportion of patients with
eGFR ≤60 ml/min/1¢73m2 decreased during this
period.
Trends in HbA1c
The overall unstandardized mean (SD) HbA1c
decreased from 7¢7 (1¢6)% (60¢3 [17¢5] mmol/mol) to 7¢2
(1¢2)% (54¢7 [13¢3] mmol/mol) and the proportion of
patients with HbA1c of 6-7% (42-53 mmol/mol)
increased from 27¢5% to 44¢3% in the whole period
(2002-2019). However, following an initial period of
rapid decline in 2005-2014 (HbA1c 7¢7 to 7¢2%, APC=-
0¢8, 95% CI: -1¢0, -0¢6), standardized mean HbA1c pla-
teaued since 2014 (HbA1c 7¢2% in 2019, APC=0¢0,
95% CI:-0¢2, 0¢2) (Figure 1A). The proportion of
patients achieving HbA1c <7% increased from 27¢5% to
43¢6% in 2002-2014 but did not further improve in
2014-2019 (44¢3% in 2019) (Table S3). The proportion
with poor glycemic control HbA1c >9% decreased from
17% to 7¢9% with the most rapid decline in 2005-2012
(APC=-8¢9, 95% CI: -10¢7, -7¢1) (Table S4). Similar
HbA1c trends were observed in men and women
(Figure 1B). Individuals aged 20-44 years had the high-
est mean HbA1c with slowest decline as compared with
greater improvements in those aged ≥75 years
(Figure 1C). The youngest age group also had the high-
est proportion with HbA1c ≥9¢0% (16¢8% in 2019)
compared with the 60-74 and the ≥75 year age groups
(6¢4 % and 5¢5% respectively in 2019) (Table S4).
www.thelancet.com Vol 26 Month , 2022



Characteristics 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

N 188,974 226,993 288,538 322,302 360,229 389,530 420,084 451,066 481,640 514,624 546,573 578,067 606,000 632,881 660,839 686,747 718,165 753,374

Men, % 45¢4 45¢8 46¢0 46¢4 46¢6 47¢0 47¢3 47¢7 48¢0 48¢4 48¢7 48¢9 49¢2 49¢4 49¢7 49¢9 50¢1 50¢3
Women, % 54¢6 54¢2 54¢0 53¢6 53¢4 53¢0 52¢7 52¢3 52¢0 51¢6 51¢3 51¢1 50¢8 50¢6 50¢3 50¢1 49¢9 49¢7
Age, mean (SD) 64¢4 (13¢3) 64¢6 (13¢3) 64¢8 (13¢1) 65¢1 (13¢1) 65¢2 (13¢1) 65¢4 (13¢1) 65¢6 (13¢1) 65¢7 (13¢2) 66¢0 (13¢2) 66¢2 (13¢1) 66¢4 (13¢1) 66¢6 (13¢1) 66¢8 (13¢1) 67¢0 (13¢1) 67¢2 (13¢1) 67¢4 (13¢1) 67¢6 (13¢1) 67¢8 (13¢0)
Age groups, %

20-44 8¢4 7¢8 7¢0 6¢5 6¢1 5¢8 5¢5 5¢3 5¢0 4¢9 4¢7 4¢6 4¢5 4¢5 4¢4 4¢3 4¢2 4¢1
45-59 26¢0 26¢6 27¢4 27¢8 28¢1 28¢0 27¢8 27¢5 27¢2 26¢8 26¢3 26¢0 25¢3 24¢6 23¢8 23¢0 22¢0 21¢2
60-74 41¢7 40¢8 40¢7 39¢6 38¢9 38¢5 38¢1 38¢2 38¢3 38¢4 38¢6 38¢8 39¢4 40¢2 41¢4 42¢4 43¢6 44¢5
≥ 75 23¢9 24¢8 24¢9 26¢1 26¢8 27¢7 28¢5 29¢0 29¢5 29¢9 30¢3 30¢6 30¢7 30¢7 30¢4 30¢3 30¢2 30¢3
Newly enrolled

patients, %

21¢9 19¢4 24¢1 13¢2 13¢4 10¢2 10¢0 9¢7 9¢1 9¢1 8¢4 8¢1 7¢2 6¢9 6¢9 6¢5 7¢0 7¢4

ASCVD, % 16¢3 17¢0 16¢2 16¢7 17¢0 17¢6 18¢1 18¢7 19¢4 19¢8 20¢0 20¢1 20¢1 20¢1 20¢1 20¢1 20¢0 20¢0
Heart failure, % 5¢1 5¢3 4¢8 4¢9 4¢7 4¢8 5¢1 5¢2 5¢5 5¢5 5¢5 5¢5 5¢4 5¢3 5¢2 5¢2 5¢1 5¢1

Glycemic control (HbA1c)

Patients with HbA1c, % 93¢2 93¢5 93¢9 93¢9 94¢0 94¢2 94¢5 94¢8 95¢1 95¢4 95¢7 95¢9 96¢0 96¢2 96¢3 96¢4 96¢4 96¢2
Mean (SD), % 7¢7 (1¢6) 7¢7 (1¢6) 7¢7 (1¢6) 7¢7 (1¢6) 7¢6 (1¢6) 7¢7 (1¢5) 7¢5 (1¢5) 7¢5 (1¢4) 7¢4 (1¢3) 7¢4 (1¢3) 7¢3 (1¢3) 7¢3 (1¢3) 7¢2 (1¢3) 7¢2 (1¢3) 7¢2 (1¢3) 7¢1 (1¢2) 7¢1 (1¢2) 7¢2 (1¢2)
Mean (SD), mmol/mol 60¢3 (17¢5) 60¢4 (17¢5) 60¢9 (17¢2) 60¢9 (17¢4) 60¢1 (17¢0) 60¢3 (16¢4) 58¢6 (16¢1) 58¢2 (15¢8) 56¢9 (14¢7) 57¢0 (14¢3) 56¢2 (14¢2) 55¢8 (14¢2) 54¢7 (13¢9) 54¢8 (13¢7) 55¢0 (13¢9) 54¢5 (13¢6) 54¢6 (13¢6) 54¢7 (13¢3)
Tested times 1¢8 (1¢1) 1¢8 (1¢0) 1¢9 (1¢2) 1¢9 (1¢1) 1¢8 (1¢0) 1¢8 (1¢0) 1¢9 (1¢0) 2¢0 (1¢0) 2¢1 (1¢1) 2¢4 (1¢4) 3¢0 (1¢8) 3¢2 (1¢9) 3¢2 (1¢9) 3¢2 (1¢9) 3¢2 (1¢9) 3¢3 (1¢9) 3¢3 (1¢9) 3¢4 (1¢9)

HbA1c category, % (mmol/mol)

<6¢0 (<42) 9¢8 10¢0 8¢5 9¢0 9¢5 7¢6 9¢5 9¢6 9¢1 7¢1 8¢4 9¢3 11¢3 11¢0 10¢6 11¢0 11¢1 9¢8
6¢0-6¢9 (42-52) 27¢5 27¢6 27¢2 26¢7 27¢9 28¢5 31¢8 32¢6 36¢8 38¢5 41¢1 42¢0 43¢6 43¢5 43¢4 44¢5 43¢7 44¢3
7¢0-7¢9 (53-63) 28¢2 27¢8 28¢6 28¢4 28¢5 30¢0 29¢3 29¢4 29¢9 30¢9 29¢3 28¢0 26¢4 26¢9 27¢1 26¢7 27¢6 28¢8
8¢0-8¢9 (64-74) 17¢0 17¢1 17¢7 17¢7 17¢2 17¢7 15¢5 15¢1 13¢4 13¢1 11¢7 11¢3 10¢4 10¢5 10¢6 9¢9 10¢0 9¢9
≥9¢0 (75) 17¢5 17¢6 18¢0 18¢3 16¢9 16¢3 13¢9 13¢3 10¢8 10¢4 9¢6 9¢4 8¢3 8¢1 8¢4 7¢8 7¢6 7¢3

eGFR (mL/min/1¢73 m2)

Mean (SD) 65¢9 (23¢7) 66¢5 (24¢2) 67¢5 (24¢6) 67¢6 (24¢6) 69¢0 (25¢0) 70¢4 (25¢2) 70¢8 (25¢0) 70¢7 (24¢8) 72¢6 (24¢4) 74¢0 (23¢9) 74¢2 (23¢8) 74¢4 (23¢7) 74¢2 (23¢6) 74¢3 (23¢6) 74¢1 (23¢5) 73¢6 (23¢3) 74¢0 (23¢3) 73¢8 (23¢2)
Categories, %

≥ 60 62¢3 62¢8 64¢0 64¢3 65¢8 67¢8 68¢6 68¢7 71¢6 73¢8 74¢1 74¢5 74¢4 74¢6 74¢4 74¢0 74¢5 74¢5
45-60 19¢1 18¢7 18¢0 17¢5 16¢5 15¢5 15¢3 15¢4 14¢4 13¢5 13¢3 13¢2 13¢2 13¢0 13¢1 13¢4 13¢0 13¢1
<45 18¢5 18¢5 18¢1 18¢2 17¢6 16¢6 16¢1 16¢0 14¢0 12¢7 12¢6 12¢4 12¢4 12¢4 12¢4 12¢6 12¢4 12¢4

Table 1: Characteristics of adults with diabetes in the Hong Kong Diabetes Surveillance Database (HKDSD) 2002-2019.
Abbreviations: GLDs, glucose lowering drugs; ASCVD, atherosclerotic cardiovascular disease; eGFR, estimated glomerular filtration rate; SD, standard deviation.
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HbA1c categories (mmol/mol) Period-1 Period-2 Period-3 Period-4

2002-2019 AAPC (95% CI) Year APC (95% CI) Year APC (95% CI) Year APC (95% CI) Year APC (95% CI)

Overall

<6¢0% (<42) 10¢1-9¢5 1¢2 (-0¢1, 2¢5) 2002-2019 1¢2 (-0¢1, 2¢5)
6¢0-6¢9% (42-52) 27¢7-43¢6 2¢7 (1¢9, 3¢6)* 2002-2006 -0¢7 (-4, 2¢8) 2006-2012 7¢4 (5¢9, 8¢9)* 2012-2019 0¢8 (0¢3, 1¢4)*
7¢0-7¢9% (53-63) 28¢1-28¢9 0¢1 (-0¢4, 0¢7) 2002-2011 1 (0¢4, 1¢6)* 2011-2015 -3¢6 (-5¢6, -1¢5)* 2015-2019 2¢1 (0¢9, 3¢3)*
8¢0-8¢9% (64-74) 16¢8-10¢2 -3 (-3¢8, -2¢3)* 2002-2007 -0¢2 (-2¢2, 1¢9) 2007-2014 -6¢6 (-7¢6, -5¢6)* 2014-2019 -0¢8 (-2¢1, 0¢6)
≥9¢0% (75) 17¢2-7¢9 -4¢4 (-5¢8, -3)* 2002-2005 3¢1 (-4¢6, 11¢4) 2005-2012 -8¢9 (-10¢7, -7¢1)* 2012-2019 -2¢9 (-4¢3, -1¢4)*

20-44 years

<6¢0% (<42) 10¢8-14¢3 2¢5 (1¢1, 3¢9)* 2002-2011 0¢4 (-1¢8, 2¢6) 2011-2019 4¢9 (2¢9, 6¢9)*
6¢0-6¢9% (42-52) 24¢3-32¢3 1¢6 (0¢4, 2¢8)* 2002-2007 -1¢4 (-3¢9, 1¢1) 2007-2011 6¢8 (2¢1, 11¢7)* 2011-2019 1 (0¢2, 1¢8)*
7¢0-7¢9% (53-63) 24¢8-24¢1 -0¢4 (-0¢6, -0¢1)* 2002-2019 -0¢4 (-0¢6, -0¢1)*
8¢0-8¢9% (64-74) 18¢0-12¢6 -2 (-3¢6, -0¢4)* 2002-2007 0¢6 (-2, 3¢3) 2007-2013 -4¢6 (-6¢7, -2¢4)* 2013-2017 0 (-4¢8, 5¢1) 2017-2019 -4¢5 (-13¢5, 5¢4)
≥9¢0% (75) 22¢1-16¢8 -1¢6 (-2¢4, -0¢9)* 2002-2006 3¢3 (0, 6¢8) 2006-2019 -3¢1 (-3¢5, -2¢7)*

45-59 years

<6¢0% (<42) 8¢4-8¢5 1¢8 (0¢5, 3¢1)* 2002-2019 1¢8 (0¢5, 3¢1)*
6¢0-6¢9% (42-52) 25¢8-40¢4 2¢8 (1¢9, 3¢7)* 2002-2007 -0¢1 (-2¢6, 2¢5) 2007-2012 8¢7 (6¢5, 10¢9)* 2012-2019 0¢9 (0¢2, 1¢5)*
7¢0-7¢9% (53-63) 28¢3-29¢1 0¢3 (-0¢2, 0¢7) 2002-2011 1 (0¢5, 1¢5)* 2011-2015 -2¢5 (-4¢2, -0¢7)* 2015-2019 1¢4 (0¢3, 2¢5)*
8¢0-8¢9% (64-74) 18¢2-11¢7 -2¢6 (-3¢4, -1¢9)* 2002-2007 0¢7 (-1¢4, 2¢8) 2007-2013 -6¢4 (-7¢7, -5)* 2013-2019 -1¢5 (-2¢5, -0¢4)*
≥9¢0% (75) 19¢4-10¢4 -3¢7 (-5, -2¢3)* 2002-2006 2¢2 (-2¢8, 7¢4) 2006-2012 -8¢3 (-10¢7, -5¢9)* 2012-2019 -2¢8 (-4¢3, -1¢3)*

60-74 years

<6¢0% (<42) 9¢1-7¢8 0¢7 (-0¢6, 2) 2002-2019 0¢7 (-0¢6, 2)
6¢0-6¢9% (42-52) 28¢0-45¢9 2¢9 (2, 3¢8)* 2002-2005 -2¢1 (-7¢1, 3¢1) 2005-2013 6¢7 (5¢8, 7¢6)* 2013-2019 0¢5 (-0¢1, 1¢2)
7¢0-7¢9% (53-63) 29¢3-30¢4 0¢2 (-0¢4, 0¢8) 2002-2011 1¢1 (0¢4, 1¢8)* 2011-2015 -3¢8 (-6¢1, -1¢5)* 2015-2019 2¢3 (1¢1, 3¢6)*
8¢0-8¢9% (64-74) 17¢1-9¢5 -3¢5 (-4¢3, -2¢7)* 2002-2007 -0¢1 (-2¢4, 2¢2) 2007-2014 -7¢4 (-8¢5, -6¢3)* 2014-2019 -1¢3 (-2¢7, 0¢1)
≥9¢0% (75) 16¢5-6¢4 -5¢4 (-6¢9, -3¢8)* 2002-2005 2¢6 (-5¢6, 11¢6) 2005-2012 -10¢8 (-12¢9, -8¢7)* 2012-2019 -3¢1 (-4¢6, -1¢5)*

≥75 years

<6¢0% (<42) 13¢4-12¢3 0¢8 (-0¢4, 2¢1) 2002-2019 0¢8 (-0¢4, 2¢1)
6¢0-6¢9% (42-52) 30¢3-46¢2 2¢5 (1¢7, 3¢3)* 2002-2006 0¢7 (-2¢4, 3¢8) 2006-2012 6¢5 (5¢2, 7¢7)* 2012-2019 0¢3 (-0¢2, 0¢8)
7¢0-7¢9% (53-63) 26¢8-27¢1 0 (-0¢7, 0¢7) 2002-2011 0¢9 (0¢1, 1¢7)* 2011-2015 -4¢6 (-7¢1, -2¢1)* 2015-2019 2¢7 (1¢1, 4¢2)*
8¢0-8¢9% (64-74) 14¢6-9¢0 -3 (-4¢4, -1¢5)* 2002-2006 0¢8 (-4¢9, 6¢9) 2006-2014 -6¢8 (-8¢3, -5¢2)* 2014-2019 0¢3 (-2, 2¢6)
≥9¢0% (75) 14¢9-5¢5 -5¢5 (-7¢6, -3¢4)* 2002-2005 0¢1 (-8¢6, 9¢6) 2005-2010 -11¢8 (-15¢7, -7¢7)* 2010-2014 -7 (-12¢8, -0¢9)* 2014-2019 -1 (-3¢8, 1¢8)

Table 2: Trends in standardised proportions of HbA1c categories by age groups.
Asterisk means average annual percent change (APPC) or annual percent change (APC) is significantly different from zero at the alpha = 0¢05 level.
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Figure 1. Trends in standardised annual mean HbA1c in overall (a) and by sex (b) and age groups (c), and proportion of poor glyce-
mic control (HbA1c>9%, 75 mmol/mol) by age-groups (d).

Asterisk means average annual percent change (APPC) is significantly different from zero at the alpha = 0¢05 level.
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Trends in SH
In 2002-2019, incidence rates of SH declined from 3¢4
to 0¢7 events per-100-person-years. There was an initial
rapid fall in 2002-2006 (APC=-22¢6, 95% CI: 28¢2,
-16¢5) followed by a further decline in 2010-2014
(APC=-11¢4, 95%CI: -20¢6, -1¢1) (Figure 2A and Table
S4). Similar trends were observed in men and women
(Figure 2B). There were decreasing trends in incidence
rates of SH in all age-groups with the highest rate of
decline in the 60-74 (AAPC=-9¢2, 95% CI: -12¢3, -6¢1)
and ≥75 age-groups (AAPC=-8¢5, 95% CI: -11¢8, -5¢2)
(Figure 2C). Both the 20-44 and ≥75 age-groups had
the highest SH rate in 2019 (0¢8 and 1¢0 events per-
100-person-years, respectively). Incidence rates of SH
www.thelancet.com Vol 26 Month , 2022
were highest in those prescribed with GLDs (insulin
plus non-insulin GLDs) followed by those receiving
insulin-only (Figure 2D).
Trends in GLDs use
Metformin use increased from 41¢1% to 58¢7% in 2002-
2019, while use of sulfonylureas declined since 2004
(Figure 3 and Table S5). Insulin use remained static
(11¢2% to 13¢6% in 2002-2019). In 2009-2013, the use
of TZDs declined but increased again since 2013 with
6¢4% of patients on TZDs in 2019. DPP-4is remained
the most widely prescribed newer GLDs (14¢3%) versus
SGLT2is (4¢2%) and GLP1-RAs (0¢6%) in 2019
7



Figure 2. Trends in standardized incidence rates of severe hypoglycaemia (SH) hospitalisation (per 100 person-years) in overall (a)
and by sex (b), age groups (c) and treatment regiments (d).

Asterisk means average annual percent change (APPC) is significantly different from zero at the alpha = 0¢05 level. Points indi-
cate the change points in trends detected by the Joinpoint regression model.
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(Figure 3). Use of DPP-4is experienced rapid growth in
2007-2011 (APC=188¢6, 95% CI: 162¢9, 216¢7), which
slowed in 2011-2015 and 2015-2019 (Table S5). There
were sharp increases in use of GLP-1RAs since 2008
and SGLT2is since 2015 when these newer oral-GLDs
were introduced into the HA formulary (AAPC=28¢7,
95% CI: 18¢2, 40¢1 and AAPC=63¢7, 95% CI: 36¢8, 95¢9
respectively). The proportion of patients not treated
with any medications gradually increased in this period
(24¢9% in 2019). The number of patients on ≥4 GLDs
also increased in the overall cohort (AAPC=7¢1, 95% CI:
4¢7, 9¢5) (Figure S2).
Trends in GLDs use by age-groups
There were significant variations in trends of GLDs use
by age-group (Figure S3). Metformin use increased in
all age-groups but was less likely to be used in the ≥75
age-group. The 20-44 age-group was least likely to be
using sulfonylureas, with a notable decline from 43¢1%
in 2005 to 23¢0% in 2019 (APC=-4¢2, 95% CI: -4¢5,
-4¢0) (Figure S3, Table S6). Compared with the ≥75 age-
group, more patients in the 20-44 age-group were
treated with SGLT2is (6¢4% versus 1¢7% in 2019), GLP-
1RAs (1¢5% versus 0¢1% in 2019; AAPC=27¢0, 95% CI:
20¢5, 33¢9 versus AAPC=41¢5, 95% CI: 34¢2-49¢2), and
www.thelancet.com Vol 26 Month , 2022



Figure 3. Overall trends in standardised proportion of glucose-
lowering drugs (GLDs) among adults with diabetes in Hong
Kong 2002-2019.

Points indicate the change-points in trends detected by
Joinpoint regression model. AGIs, alpha glucosidase inhibitors;
TZDs, thiazolidinediones; DPP-4is, dipeptidyl peptidase-4 inhibi-
tors; GLP-1RAs, glucagon-like peptide-1 receptor agonists;
SGLT2is, sodium-glucose co-transporter-2 inhibitors; Asterisk
means average annual percent change (APPC) is significantly
different from zero at the alpha = 0¢05 level.
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TZDs (8¢1% versus 3¢4% in 2019). The 20-44 age-group
was more likely to be treated with insulin analogues
than the oldest (Table S7). By contrast, trends and pro-
portions treated with DPP-4is were similar across all
age-groups. The 45-59 age-group was most intensively
treated with 19¢9% receiving ≥4 GLDs versus 13¢7% in
the ≥75 age-group in 2019.
Trends in GLDs by ASCVD, heart failure, and eGFR
categories
In 2019, the proportion of patients with ASCVD treated
with SGLT2is, DPP-4is, and GLP-1RAs was 6¢4%,
19¢9%, and 0¢6%, respectively (Table S8). In 2015-
2019, the growth in SGLT2is use in ASCVD patients
exceeded that for DPP-4is (AAPC=89¢2 [95% CI: 41¢3,
153¢3] versus AAPC=12¢8 [95% CI: 9¢9, 15¢8]), but not
for GLP-1RAs. There was greater increase in SGLT2i
use among patients with ASCVD versus those without
(6¢4%-versus-3¢6% in 2019). The proportion of patients
www.thelancet.com Vol 26 Month , 2022
with heart failure treated with SGLT2is was relatively
low (5.7%) compared with DPP-4 is (22¢6%) in 2019.

In 2002-2019, the use of metformin increased in
patients with eGFR of 45-59 and ≥60 mL/min/1¢73m2

and to a lesser extent in those with eGFR <45 mL/min/
1¢73m2 with proportions ranging from 28¢2% to 37¢4%
(AAPC=1¢6, 95% CI: 1¢3-1¢9) (Figure S4, Table S9). Use
of sulfonylureas decreased across all eGFR categories.
The largest increase in DPP-4is use occurred in those
with eGFR<45 ml/min/1¢73m2, with up to 33¢5% of
these patients treated with DPP-4is in 2019. In patients
with eGFR ≥60 mL/min/1¢73m2, SGTL2is use
increased from 0¢4% in 2015 to 5¢3% in 2019
(AAPC=64¢1, 95% CI: 26¢5-112¢8) with only 2¢3% of
patients with eGFR<45 mL/min/1¢73m2 treated with
SGLT2is in 2019. There were no significant differences
in trends of GLP-1RAs use by eGFR categories.
Sensitivity analyses
After excluding patients not treated with any GLDs and
those with incident diabetes, we observed the same
declining patterns of incident rate of SH in both sexes,
all age subgroups and treatment regimens. The incident
rates were highest in those prescribed with GLDs (insu-
lin plus non-insulin GLDs) followed by those receiving
insulin-only (Figure S5). In the sub-group of patients
who underwent structured assessment in the RAMP-
DM module, we observed the same declining patterns
of incident rate of SH in patients with type 1 (AAPC=-
8¢3, 95% CI: -10¢7, -5¢8) and type 2 (AAPC=-6¢6, 95%
CI: -9¢5, -3¢6) diabetes (Table S10 and Figure S6). Com-
pared with type 2 diabetes, patients with type 1 diabetes
had a higher incidence rate of SH in 2019 (1¢5 versus
0¢8 events per-100-person-years). We also observed a
declining trend of SH in both sexes and all age sub-
groups among patients with type 1 (Table S10) and 2
diabetes (Figure S7).
Discussion
In this 18-year population-based database, the signifi-
cant improvements in HbA1c in 2007-2014 had stag-
nated in 2014-2019. Similarly, the decline in SH rates
notably in 2002-2005 and 2005-2014 had also levelled
off. Sulfonylurea use steadily declined by 50% during
the whole period while insulin use remained static.
Adoption of DPP-4is slowed following initial rapid
uptake in 2007-2011. Despite the sharp increases in
GLP-1RAs since 2008 and SGLT2is since 2015, only a
minority (0¢5% and 6% respectively) of patients were
treated with these organ-protective drugs in 2019. We
observed age-dependent use of GLDs with the 20-44
age-group having the highest proportion and steepest
rise in use of SGLT2is, GLP-1RAs and TZDs. Despite
recommendation, the use of SGLT2i and GLP-1RA in
patients with ASCVD (6¢4% and 0¢6%) and CKD (4¢2%
9
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and 1¢3%) remained low in 2019. By contrast, use of
DPP-4is continued to increase irrespective of age and
ASCVD with 33¢5% of patients with eGFR<45 ml/min/
1¢73m2 treated with DPP-4is.

Hong Kong has a universal healthcare system with
drug prescriptions being dispensed on site at a nominal
fee (USD 1¢5 per item for 3 months). In 2007, DPP-4is
were included in the HA formulary followed by GLP-
1RAs in 2011 and SGLT2is in 2015.18 For new medica-
tions with high unit cost or high volume of usage, a HA
working group issued criteria for prescribing based on
international practice guidelines.19,20 Thus, DPP-4is
could be added after failure with metformin and sulfo-
nylureas or used as a second-line drug in patients with
contraindication or intolerance with metformin or sulfo-
nylurea or as adjunct to insulin. GLP-1RAs could be pre-
scribed under public funding in patients with body
mass index (BMI) ≥30 kg/m2 as add-on to three oral-
GLDs. Since 2015, SGLT2is could be used in patients
with CVD as add-on to two oral-GLDs or in combination
with insulin. This was lately extended to patients with
macroalbuminuria and eGFR 45-60 ml/min/1¢73m2.
These prescribing criteria are similar to other public-
funded healthcare institutions such as National Insti-
tute for Health and Care Excellence (NICE).21

Improvements in HbA1c have levelled off since 2014
following a decade of progress. We previously suggested
that glycemic improvements including reduced SH
rates coincided with primary care reforms, decreased
use in sulfonylureas and increased use in metformin
and DPP-4is in 2007−2014. The stagnation of HbA1c
since 2014 is a cause for concern calling for further
quality improvement actions. In 2014−2019, there had
been not major structural reforms in diabetes care in
Hong Kong. During this period, we observed marked
decline in use of sulfonylureas known to have greater
glucose lowering efficacy than DPP-4is and SGLT2is.
The substitution of sulfonylureas with these newer
agents since 2014 could potentially play a role. Popula-
tion-level glycemic control in the US deteriorated since
2010 following improvements in early 2000s.11 Some
researchers attributed this to publication of landmark
trials implicating stringent glycemic control did not
improve outcomes in patients with ASCVD22 with a
move towards personalisation of targets.23 However, in
the HKDSD, we observed continuing decline in HbA1c
without increase in SH events in the ≥75 age-group,
which was against the trends in deintensification due to
age and comorbidities. On the other hand, we observed
high usage of new-GLDs including SGLT2i and GLP-
1RA in young patients who had the worst glycemic con-
trol and high BMI compared to their lower usage in
patients with ASCVD and CKD.

In 2002-2019, we observed overall decline in SH in
two periods, 2002-2006 and 2010-2014. This initial
period of decline in SH preceded the introduction of
DPP-4is which might be due to reform of the primary
care diabetes service. The decline in SH was mainly
observed in patients treated with non-insulin GLDs
which might reflect the declining use of sulfonylureas.
In the UK Clinical Practice Research Datalink, the
decrease in hypoglycaemia rate was accompanied by
increasing use of second-line therapy (2017 rate=5¢7
events per-1000-person-years, 2010 rate=8¢2 events
per-1000-person-years)24 which closely mirrored our
findings.

Use of SGLT2is, GLP-1RAs and TZDs was higher in
the 20-44 age-group with lower use of traditional-agents
such as sulfonylureas. It remained plausible that
increased awareness regarding their high lifetime risk
for complications might have motivated the preferred
use of these new drugs, irrespective of ASCVD status.
That said, their HbA1c remained suboptimal similar to
our previous findings.25 In the US, only 11% and 13% of
patients aged ≥75 years with CKD were treated with
SGLT2is or GLP-1RAs respectively versus 16% and 23%
in their counterparts aged <65 years in 2019. In RCT
setting, these newer-GLDs had similar efficacy and
safety in older adults than their younger peers.26,27

However, the lower usage of SGLT2is in real-world
practice might reflect physicians’ tendency to de-inten-
sify treatment in old adults and concerns over side
effects without the close supervision under RCT set-
tings. Resistance to injection and criteria of high BMI
for subsidised use might account for the low use of
GLP-1RAs in elderly patients. By contrast, the use of
DPP-4is which had neutral effects on cardiovascular-
renal outcomes continued to increase similarly across
all age-groups including the ≥75 age-group. Despite this
disconnect between guidelines and real-world practice,
overall glycemic control had improved in the 60-74 and
≥75 age-groups in the past decades with lower propor-
tions of patients in the extreme HbA1c categories (<6%
and >9%) and reduction in SH.

Renal function was another important factor that
might influence prescription of GLDs. Metformin use
in eGFR<45 ml/min/m2 increased modestly in 2000-
2019 but we did not analyse whether dosage had been
adjusted according to US Food and Drug Administra-
tion (FDA) recommendations.20,28 The popularity of
DPP-4is in patients with eGFR<45 ml/min/1¢73m2

might reflect the greater priority on safety during pre-
scription given the low risk of hypoglycemia. Since its
introduction into the HA formulary, there was a rapid
increase of SGLT2is use among patients with eGFR 45-
59 ml/min/1¢73m2 although only 2¢3% of patients with
eGFR <45 ml/min/1¢73m2 received SGLT2is. We antici-
pate greater use of SGLT2is in lower eGFR categories in
the coming years following publication of more recent
trials since 2019,29 highlighting the importance of data
in changing practice, though often with a lag phase. In
our study, the proportion of heart failure patients
treated with SGLT2is were relatively low despite clear
evidence that SGLT2is can reduce heart failure
www.thelancet.com Vol 26 Month , 2022



Articles
hospitalisations and mortality. Further action is needed
to ensure such high-risk groups are appropriately
treated with these organ-protective agents.

Our findings have important implications for policy
and practice. Younger adults consistently had the high-

est and poorest glycemic control (HbA1c≥9%) with the

least improvement over time despite introduction of

new-GLDs. This might be further contributed by the

declining use in sulfonylureas with high efficacy in glu-

cose lowering, replaced by DPP-4is and SGLT2is. The

stagnation in improvements in both HbA1c and SH

despite availability of SGLT2is and GLP-1RAs call for

further quality improvement strategies to ensure that

their added values are realised in real-world practice. In

the last 3 years, there had been a 30% increase in year-

on-year expenditure with newer-GLDs in Hong Kong,

notably for SGLT2is and GLP-1RAs. In US, the costs for

newer oral-GLDs had increased by 88% in 2015-2017

versus 2005-2007.30 In many settings, the increasing

use of new drugs not accompanied by improved glyce-

mic control, a surrogate for clinical outcomes, raised

concerns amongst payers and policy makers.31 As evi-

dence evolves, SGLT2i should be used for organ protec-

tion irrespective of HbA1c with addition of other GLDs

when HbA1c is not to target.23 Our data and others

highlight the pressing needs of designing a total pack-

age including regular risk assessment, evidence-based

medications, patient education, blood glucose monitor-

ing tools and psychosocial support to maximise the

impact of drugs for better outcomes.
Strengths and limitations
The strengths of our study included territory-wide dis-
pensing, laboratory, and hospitalisation data for defin-
ing glycemic control and SH over 18 years
complemented by the structured data collection on risk
factors and comorbidities in the RAMP-DM module.
These have allowed us to evaluate the long-term trends
and the relationships between changing patterns of
GLDs use and glycemic control including subgroup
analysis stratified by age and comorbidities. We used
the 2005 ADA criteria to define SH event requiring
external assistance, including hospital admission, to
assess the trends throughout the entire period.32 Our
study had limitations. Type 1 diabetes could contribute
to higher rates of insulin use and SH in the 20-44 age-
group. However, we observed the same declining pat-
terns in patients with type 1 and type 2 diabetes in our
sub-group analysis of data from the RAMP-DM module.
In 2002-2015, the age-standardised incidence rate of
type 1 diabetes in the 20-39 age-group remained stable
with an incidence of 2¢0 for men and 2¢7 for women
per 100 000 person-year.33 Although the HA provides
90% of healthcare, a small proportion of prescriptions
from private sectors might not have been captured. This
influence was expected to be small given the marked
www.thelancet.com Vol 26 Month , 2022
differences in out-of-pocket payment between private
and public sectors. Our study design limits causality
assessment between trends in use of GLDs and HbA1c
and SH rates.
Conclusion
In this 18-year analysis of GLDs-prescribing trends in a
territory-wide EHR system, following a period of reduc-
tion in HbA1c and SH in 2007-2014, mainly attributed
to increasing use of DPP-4is and metformin and declin-
ing use of sulfonylureas against a backdrop of reform in
primary diabetes care, improvements had stagnated in
2014-2019. The latter occurred against a background of
continuing and declining use of sulfonylureas, stable
use of insulin use and increasing use of SGLT2is and
GLP-1RAs. Despite their high ASCVD, patients aged
≥75 years were less likely to be prescribed SGLT2is,
GLP-1RAs, and TZDs than the 20-44 age-group who
had persistently the worst glycemic control. Whilst the
use of DPP-4is continued to increase including those
with CKD, relatively lower proportions of patients
were treated with SGLT2is in patients with reduced
eGFR. These RWE reinforced the need to implement
concerted and targeted actions to close these treat-
ment gaps with ongoing evaluation of the impacts of
these new drugs on clinical outcomes for informing
practice and policies.
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