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Abstract

Purpose Sodium-glucose co-transporter-2 (SGLT2) inhibitors and dipeptidyl peptidase-4 (DPP4) inhibitors are increasingly
used as second-line therapies in patients with type 2 diabetes. The aim of this study was to assess the real-world effects of
SGLT?2 inhibitors in a multi-ethnic population in Singapore.

Methods This retrospective cohort study examined patients diagnosed with and treated for diabetes from the Ministry of
Health’s administrative database. Differences in outcomes between treatment groups were assessed using Poisson regression.
Demographics, clinical characteristics, previous diagnoses and hospitalisations, and diabetes medication history were used
for propensity score matching. Subgroup analyses by ethnicity were performed. Effect size was estimated using risk ratios
(RRs) with 95% confidence intervals (CIs).

Results Patients initiating SGLT?2 inhibitors were more likely to achieve glycaemic control target than DPP4 inhibitor-treated
patients (RR 1.09; 95% CI 1.04, 1.14). This was observed only in patients of Chinese ethnicity. A higher risk of diabetic
ketoacidosis in SGLT?2 inhibitor initiators was not observed. SGLT2 inhibitors were associated with reduced risk of hypo-
glycaemia (RR 0.69; 95% CI 0.59, 0.82) and urinary tract infection (RR 0.52; 95% CI 0.43, 0.63) but was not statistically
significant for hypoglycaemia in Malay patients. Compared to DPP4 inhibitors, SGLT?2 inhibitors were associated with 12%
and 34% reduction in any-cause hospitalisation and all-cause mortality, respectively, potentially resulting in more than $50
million savings over 10 years.

Conclusion SGLT?2 inhibitors were associated with improvements in glycaemic control, reduced risk of complications, and
was well tolerated. Ethnicity also plays a role and should be considered in future studies.
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Background

Type 2 diabetes mellitus (T2DM) is a major concern world-
wide and a main cause of death in most countries [1]. The
International Diabetes Federation estimated that about 463
million adults had diabetes, with 4.2 million deaths due to
diabetes in 2019 [2]. The Western Pacific region including
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Singapore had the highest number of deaths. In 2045, the
number of people with diabetes is expected to increase to
about 700 million. The prevalence of type 2 diabetes in Sin-
gapore adults aged 18 to 69 years will also double from
7.3% in 1990 to 15.0% in 2050 [3]. T2DM, if not well con-
trolled, can further lead to complications like kidney fail-
ure, lower limb amputation, nerve damage, cardiovascular
disease (CVD), loss of vision and severe disabilities [4—6].
In addition, Asian patients with T2DM tend to have an ear-
lier onset compared to their Caucasian counterparts. Nearly
one-fifth (18%) were first diagnosed before 40 years old
with a mean age of 32.9 years [7], compared to 13% in the
United States (US) population aged between 18 to 44 years
[8]. This further increases the risk of T2DM complications
with longer disease duration. Optimal glycaemic control is
thus crucial for preventing or delaying the development and
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progression of these complications [9]. A glycaemic control
target, haemoglobin Alc (HbAlc) of below 7% is considered
reasonable for most adults to achieve and is used to identify
patients with good control [10].

At present, the main classes of oral glucose-lowering
agents registered in Singapore include biguanides, sulfony-
lureas, sodium-glucose co-transporter-2 (SGLT?2) inhibitors,
dipeptidyl peptidase-4 (DPP4) inhibitors, meglitinides, thia-
zolidinediones and alpha-glucosidase inhibitors [10]. Met-
formin, a biguanide, is recommended as first-line therapy due
to its long-term efficacy and safety data [10]. It is well toler-
ated with a low risk of hypoglycaemia and weight gain [9].
However, it is often insufficient as a monotherapy to manage
the condition as disease progresses, and multiple agents are
required to control blood glucose [11]. While sulfonylureas
are considered a suitable add-on therapy, they may increase
the risk of hypoglycaemia. Newer drug classes like SGLT2
inhibitors and DPP4 inhibitors are increasingly being used
as second-line hypoglycaemic agents when sulfonylureas are
not tolerated or when hypoglycaemia is a concern [12, 13].
Of note, DPP4 inhibitors can be used regardless of level of
kidney function as long as the dosage is adjusted according to
estimated glomerular filtration rate (¢GFR) [14]. In contrast,
SGLT?2 inhibitors are contraindicated in those with moderate
to severe kidney impairment [15, 16].

Three SGLT?2 inhibitors (dapagliflozin, empagliflozin
and canagliflozin) have been registered in Singapore since
2014. Their use is encouraged over DPP4 inhibitors given
the availability of outcomes data and favourable cost-effec-
tiveness [10, 17]. It remains unclear if the use of SGLT2
inhibitors in the local context is associated with the desired
outcomes shown in clinical trials, while real-world studies
comparing SGLT2 inhibitors with DPP4 inhibitors were
mainly done in the western countries. To date, only a small
local retrospective cohort study of 57 patients compared the
effects of canagliflozin and sitagliptin on glycaemic control
[18]. Given ethnicity is a significant predictor of HbAlc
levels, local evidence is needed to assess the real-world
effectiveness of these newer drug classes in specific eth-
nic subgroups and the Singapore general population [19].
This national study aimed to compare the effects of SGLT2
inhibitors with DPP4 inhibitors on patient outcomes in an
ethnically diverse Asian population using real-world evi-
dence and further translate such differences into any poten-
tial healthcare cost savings.

Methods
Study design and data source

In this retrospective cohort study, the Ministry of Health
(MOH)‘s administrative database containing national-level
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healthcare use data was accessed. It contained anonymised
data from public hospitals and primary care clinics, with
about 8 million diabetes prescription records up to 2018.
The study population was a large representative sample of
patients with T2DM who sought treatment in the public
healthcare setting in Singapore. Information on demograph-
ics, disease diagnoses, prescription records and investiga-
tion results of these patients were studied. Ethics approval
was not required as the intent of this study was to assess
the effect of SGLT?2 inhibitors on clinical outcomes for the
purpose of improving routine clinical care.

Disease diagnoses were recorded using the Interna-
tional Classification of Diseases, Tenth Revision Austral-
ian Modification (ICD-10 AM) codes. All T2DM patients
aged 30 years and above receiving SGLT2 inhibitors (dapa-
gliflozin, empagliflozin and canagliflozin) or DPP4 inhibi-
tors (linagliptin, sitagliptin, vildagliptin and saxagliptin) at
public healthcare institutions were included in the analyses.
Patients were included in the study if they had a diagnosis
and treatment for diabetes. For individuals with non-spe-
cific diagnosis codes, patients with type 1 diabetes mellitus
(T1DM) were differentiated and excluded based on age at
diagnosis and treatment. Patients diagnosed at age less than
40 years and on insulin only were classified as TIDM. This
approach had also been used by other studies in identify-
ing patients with TIDM [20, 21]. Non-residents who were
not routinely managed and followed up in Singapore, and
patients with no information on age, gender, age below
30 years or had a death record were also excluded.

Patient selection and baseline characteristics

T2DM patients newly initiating SGLT2 inhibitors or DPP4
inhibitors between January 2015 and December 2018 were
included in this analysis. A washout period of one year was
used to identify new users. The earliest prescription date
was defined as the treatment initiation date. Patients were
assigned to either SGLT2 inhibitor or DPP4 inhibitor-treated
cohort dependent on the treatment they were initiated on.
Those who had any prescriptions of studied drugs before
the initiation date were excluded to restrict the cohorts to
only new users. An intention to treat approach was used for
the analysis where patients were followed from initiation of
index treatment to observation of outcome or end of follow-
up period (whichever was earlier).

Baseline characteristics were obtained for each patient
during the one year before initiation. These variables
included prescribing setting (public hospitals and primary
care clinics), year of first prescription of SGLT?2 inhibitors
or DPP4 inhibitors, duration with diabetes, age, gender,
ethnicity, resident status, body weight (in kilograms, kg),
blood pressure (in mmHg), smoking status, subsidy sta-
tus or socioeconomic status category, any hospitalisation,
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hospitalisation for DM complications [poor diabetes con-
trol (ICD-10 AM: E1*65), diabetic kidney complica-
tions (E1*2%*), insulin resistance (E1*72), hypoglycaemia
(E1*%64), retinopathy (E1¥3*), neuropathy (E1*4%*), periph-
eral angiopathy (E1*5%) and foot ulcer (E1*73)], co-morbid-
ities (CVD, cancer, hypertensive disease and hyperlipidae-
mia disease), glycaemic control rate i.e. HbAlc (%), eGFR
(mL/min/1.73m?) and DM medication history (number of
oral DM medications, and use of metformin, sulfonylureas,
acarbose and insulin). The differences in baseline charac-
teristics were compared using Student t-test for continuous
variables and Pearson’s chi-squared test for categorical vari-
ables. Standardised differences were also used to compare
baseline characteristics between the treatment cohorts.

Definition of outcomes and statistical analyses

The efficacy and safety of SGLT2 inhibitors and DPP4
inhibitors were assessed as classes of drugs since the indi-
vidual drugs within the drug classes have the same mecha-
nism of action with comparable clinical effectiveness and
safety [17]. The outcomes measured were glycaemic con-
trol during 91-365 days after initiation as patients were
typically followed up every three months, and any-cause,
cause-specific hospitalisations, and all-cause death during
31-365 days after initiation. The HbA 1c result nearest to
the treatment initiation date was used as the baseline while
the result closest to the date of 365 days after initiation was
used as the post-treatment data [12]. Patients with missing
HbAc results during the follow-up period were excluded
from the analysis. Cause-specific hospitalisations with these
admission diagnoses were included in the analyses: diabetic
ketoacidosis (DKA) (ICD-10 AM: E1*1* e.g. E1111 T2DM
with ketoacidosis, without coma), primary T2DM (E11-
E14), primary T2DM with kidney complications (E1#2%),
incipient diabetic nephropathy (E1*21), hypoglycaemia
(E1*64), CVD (I00-199) and heart failure (HF) (I50*) as
a secondary outcome with previous HF hospitalisation
included as a co-variate, and urinary tract infection (UTI)
(N10, N12, N136, N151, N159, N30, N300, N308, N309,
N390). Only the first hospitalisation of each outcome was
included in the analysis. Subgroup analyses by ethnicity
(Chinese, Malay and Indian) were also performed to assess
potential differential effect of SGLT2 inhibitors on patient
outcomes.

Each patient in the SGLT2 inhibitor-treated cohort was
matched with a patient from the DPP4 inhibitor-treated
cohort with the nearest propensity score (PS), to account
for differences in baseline characteristics and enable a more
homogeneous comparison. Patients were matched 1:1 on
PS which was derived from a logistic model using all co-
variates described. This was similarly done in the subgroup
analysis where PS was derived and matched within each

ethnic group. The balance in the two cohorts was assessed
using standardised differences (a value less than 0.1 indi-
cates negligible differences) [22, 23]. Finally, modified
Poisson regression models [24] were also used to estimate
risk ratios (RRs) and 95% confidence intervals (CIs) for
the matched SGLT?2 inhibitor and DPP4 inhibitor-treated
cohorts with and without adjustment. P-values lower than
0.05 were considered to be statistically significant. All analy-
ses were performed using Stata version 16.

To derive the healthcare costs saved due to improvements
in patient outcomes associated with SGLT?2 inhibitor use, a
Markov model was used to estimate the cumulative num-
ber of deaths and hospitalisations avoided and quantify the
costs saved over 10 years. Cost savings were quantified by
multiplying the difference in hospitalisation rates between
the treatment cohorts by the number of patients on SGLT2
inhibitors and mean T2DM hospitalisation cost (assumed to
remain unchanged). This difference in hospitalisation rate
was applied across the years, with prevalent cases rolled
over from the preceding year plus the incident cases in the
current year. In addition, adjustments were made on the pro-
jected patient numbers excluding those due to deaths. These
analyses were performed using Microsoft Excel.

Results
Baseline demographics and clinical characteristics

There were 71,587 eligible patients with outcomes measured
31-365 days after initiation. After excluding those below
30 years, non-residents, with missing information on gen-
der or age, and those with a death record within 30 days of
treatment initiation, 67,556 patients remained. Most patients
were initiators of DPP4 inhibitors (about 77%). Before
matching, the two cohorts differed significantly on most
baseline characteristics, with absolute standardised differ-
ence greater than 0.1. Patients in the SGLT?2 inhibitor-treated
cohort were younger compared to the DPP4 inhibitor-treated
cohort (mean age 56 years vs. 63 years). There were more
patients in the SGLT2 inhibitor-treated cohort with body
weight 80 kg and above (21% vs. 15%). In addition, more
patients on SGLT?2 inhibitors had disease duration of less
than 5 years (31% vs. 21%) and fewer DM complications
prior to treatment initiation (e.g. 2% vs. 14% for DM-kidney
complications). However, more patients on SGLT2 inhibi-
tors were using multiple oral drugs (39% vs. 29% on two
drugs), metformin (64% vs. 44%) and insulin (21% vs. 19%)
than DPP4 inhibitor-treated cohort. After PS matching,
15,207 comparable patients remained in each cohort with
outcomes measured 31-365 days after initiation (Table 1
and Fig. 1). The results on the 35,694 eligible patients with
outcomes measured 91-365 days after initiation and 5495
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comparable patients in each cohort after matching are pro-
vided in Appendix Table 5 and Fig. 2. The baseline char-
acteristics of patients from different ethnic groups are also
reported in Appendix Tables 6, 7, 8, 9, 10 and 11. The char-
acteristics were well balanced after matching between the
two cohorts.

Glycaemic control

In the matched cohort, SGLT?2 inhibitor initiation was asso-
ciated with a significantly lower mean HbA1c than those
initiated on DPP4 inhibitors (7.54% vs. 7.68%, p<0.001). A
higher proportion of patients also achieved good glycaemic
control, HbA1c below 7% (40.8% SGLT2 vs. 37.5% DPP4)
with a RR of 1.09 (95% CI 1.04, 1.14). They were also less
likely to report poor glycaemic control with HbAlc above
8% (RR 0.88; 95% CI 0.83, 0.94). The difference between
treatment groups was however not statistically significant
in patients with HbAlc between 7% and 8% in the over-
all cohort (Table 2). Similar results were observed only in
patients of Chinese ethnicity while no significant difference
were observed in patients of Malay and Indian ethnicity
except lower risk of having HbAlc between 7% and 8% in
Indian patients on SGLT?2 inhibitors.

Safety outcomes

In terms of safety outcomes, patients initiating SGLT?2 inhib-
itors were not at higher risk of experiencing DKA compared
to DPP4 inhibitors (Table 3). This was similarly observed for
risk of DKA hospitalisation with length of stay seven days
and longer. The risks of hospitalisation for hypoglycaemia
(RR 0.69; 95% CI 0.59, 0.82) were reduced with SGLT2
inhibitors and there was no increased risk of UTI hospitali-
sations (RR 0.52; 95% CI 0.43, 0.63). These results were
also observed across all ethnic groups except in patients of
Malay ethnicity. The risk of DKA was significantly reduced
in this ethnic group while no significant difference was
observed in the occurrence of hypoglycaemia hospitalisa-
tions with SGLT?2 inhibitor initiation.

Hospitalisations and deaths

In addition, SGLT?2 inhibitors were associated with fewer
hospitalisations and deaths up to one-year post-initiation
compared to DPP4 inhibitors (Table 4). Any-cause and
cause-specific hospitalisations ranged between 12% (any
hospitalisation) and 72% (hospitalised for DM-related kid-
ney complications) lower in the SGLT2 inhibitor-treated
cohort compared to the DPP4 inhibitor-treated cohort. How-
ever, there was no difference in risk of diabetic nephropathy
(except in patients of Indian ethnicity) and CVD hospitalisa-
tion between the treatment cohorts. Lower risk of all-cause
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mortality was observed among patients initiating SGLT2
inhibitors versus DPP4 inhibitors, with RR of 0.66 (95%
CI0.51, 0.85). Circulatory system diseases, neoplasms and
respiratory diseases were the most common causes of death.
The lower risk of hospitalisations and deaths associated with
SGLT?2 inhibitors were similarly observed in patients of Chi-
nese and Indian ethnicity (except risk of all-cause death was
not statistically significant). In patients of Malay ethnicity,
only hospitalisation risk for DM-related kidney complica-
tions was significantly reduced in patients on SGLT?2 inhibi-
tors compared to those on DPP4 inhibitors.

In the secondary analysis on hospitalisations for HF,
patients on SGLT2 inhibitors were less likely to be hospital-
ised compared to DPP4 inhibitor initiators (RR 0.78; 95% CI
0.63, 0.95) (Table 4). Among patients of Chinese ethnicity, a
lower risk of HF hospitalisation was also observed in those
initiating SGLT?2 inhibitors compared to DPP4 inhibitors.
There were no significant differences observed in patients
of Malay or Indian ethnicity.

Healthcare savings

These benefits associated with SGLT2 inhibitors versus
DPP4 inhibitors would lead to about 1261 deaths avoided
and 8691 fewer hospitalisations. This contributes to more
than $50 million saved over 10 years.

Discussion

This is the first national real-world study in Singapore that
evaluated the potential impact of ethnicity on the effects of
SGLT?2 inhibitors and DPP4 inhibitors. PS matching was
performed to balance baseline characteristics between the
treatment groups to minimise bias. In addition, improve-
ments in patient outcomes associated with SGLT?2 inhibitor
initiation was also translated to healthcare cost savings to
the system.

Our findings are consistent with other real-world stud-
ies and clinical trials showing SGLT? inhibitor initiation to
be associated with a higher likelihood of achieving HbAlc
targets compared to DPP4 inhibitor initiation (40.8% vs.
37.5%). Locally, a single-centre retrospective cohort study
of 57 patients also reported that patients on canagliflozin
were more likely to attain HbAlc levels below 7% than
patients in the sitagliptin group (13.6% vs. 8.6%) at 24-week
follow-up [18]. Another prospective Canadian registry study
assessing outcomes associated with canagliflozin observed
that more patients achieved HbAlc below 7% over time,
reaching 38.8% by 12 months [25] which is similar to our
findings of 40.8% up to one year follow-up. Similar find-
ings were reported in real-world studies conducted in the
US [26, 27]. In addition to canagliflozin, dapagliflozin also
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Table 1 Comparison of baseline characteristics in two treatment cohorts before and after PS matching
Variables Unmatched cohorts Matched cohorts
DPP4 inhibitors SGLT?2 inhibitors d DPP4 inhibitors SGLT?2 inhibitors d
(n=52,349) (n=15,207) (n=15,207) (n=15,207)
Age (years), mean + SD 629+11.6 56.3+10.2 0.110 57.3+10.8 56.3+10.2 0.016
n(%) n(%) n(%) n(%)
Setting of initiation
Hospitals 22,669 (43.3%) 5535 (36.4%) 0.140 5519 (36.3%) 5535 (36.4%) 0.002
Primary care clinics 29,680 (56.7%) 9672 (63.6%) 0.141 9688 (63.7%) 9672 (63.6%) 0.002
Year of initiation
2015 6933 (13.2%) 406 (2.7%) 0.400 347 (2.3%) 406 (2.7%) 0.055
2016 12,425 (23.7%) 734 (4.8%) 0.560 721 (4.7%) 734 (4.8%) 0.004
2017 16,240 (31.0%) 5515 (36.3%) 0.111 5960 (39.2%) 5515 (36.3%) 0.060
2018 16,751 (32.0%) 8552 (56.2%) 0.503 8179 (53.8%) 8552 (56.2%) 0.049
Gender (male) 27,175 (51.9%) 8361 (55.0%) 0.062 8265 (54.4%) 8361 (55.0%) 0.013
Ethnicity
Chinese 33,071 (63.2%) 9199 (60.5%) 0.060 9204 (60.5%) 9199 (60.5%) 0.001
Indian 7326 (14.0%) 2461 (16.2%) 0.061 2450 (16.1%) 2461 (16.2%) 0.002
Malay 7297 (13.9%) 2087 (13.7%) 0.010 2124 (14.0%) 2087 (13.7%) 0.007
Others 4655 (8.9%) 1460 (9.6%) 0.025 1429 (9.4%) 1460 (9.6%) 0.007
Residence
SC 50,326 (96.1%) 14,423 (94.8%) 0.060 14,445 (95.0%) 14,423 (94.8%) 0.007
PR 2023 (3.9%) 784 (5.2%) 0.063 762 (5.0%) 784 (5.2%) 0.007
SES category
Maximum subsidy 23,281 (44.5%) 4751 (31.2%) 0.280 4842 (31.8%) 4751 31.2%) 0.013
Some subsidy 1059 (2.0%) 436 (2.9%) 0.055 403 (2.7%) 436 (2.9%) 0.013
Minimum subsidy 1338 (2.6%) 500 (3.3%) 0.043 506 (3.3%) 500 (3.3%) 0.002
NA 26,671 (51.0%) 9520 (62.6%) 0.237 9456 (62.2%) 9520 (62.6%) 0.009
Weight (kilograms)
<65 15,673 (29.9%) 3334 (21.9%) 0.180 3424 (22.5%) 3334 (21.9%) 0.014
65-79 13,110 (25.0%) 3729 (24.5%) 0.010 3841 (25.3%) 3729 (24.5%) 0.017
>80 7692 (14.7%) 3178 (20.9%) 0.163 2942 (19.4%) 3178 (20.9%) 0.039
NA 15,874 (30.3%) 4966 (32.7%) 0.050 5000 (32.9%) 4966 (32.7%) 0.005
Cigarette smoking (number of cigarettes per day)
Non-smoker 19,379 (37.0%) 5046 (33.2%) 0.080 5092 (33.5%) 5046 (33.2%) 0.006
1-9 1585 (3.0%) 522 (3.4%) 0.023 506 (3.3%) 522 (3.4%) 0.006
>10 3092 (5.9%) 1003 (6.6%) 0.028 983 (6.5%) 1003 (6.6%) 0.006
NA 28,293 (54.1%) 8636 (56.8%) 0.055 8626 (56.7%) 8636 (56.8%) 0.001
Diastolic BP (mmHg)
<65 11,053 (21.1%) 2638 (17.4%) 0.100 2683 (17.6%) 2638 (17.4%) 0.008
65-89 27,929 (53.4%) 8101 (53.3%) 0.002 8034 (52.8%) 8101 (53.3%) 0.009
>90 1882 (3.6%) 582 (3.8%) 0.012 599 (3.9%) 582 (3.8%) 0.006
NA 11,485 (21.9%) 3886 (25.6%) 0.085 3891 (25.6%) 3886 (25.6%) 0.001
Systolic BP (mmHg)
<130 16,336 (31.2%) 4644 (30.5%) 0.020 4575 (30.1%) 4644 (30.5%) 0.010
130-139 11,575 (22.1%) 3393 (22.3%) 0.005 3432 (22.6%) 3393 (22.3%) 0.006
>140 12,953 (24.7%) 3284 (21.6%) 0.070 3309 (21.8%) 3284 (21.6%) 0.004
NA 11,485 (21.9%) 3886 (25.6%) 0.085 3891 (25.6%) 3886 (25.6%) 0.001
Duration with diabetes (years)
04 10,897 (20.8%) 4773 (31.4%) 0.242 4473 (29.4%) 4773 (31.4%) 0.043
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Table 1 (continued)

Variables Unmatched cohorts Matched cohorts
DPP4 inhibitors SGLT?2 inhibitors d DPP4 inhibitors SGLT?2 inhibitors d
(n=52,349) (n=15,207) (n=15,207) (n=15,207)
5-9 16,189 (30.9%) 4188 (27.5%) 0.080 4202 (27.6%) 4188 (27.5%) 0.002
>10 24,482 (46.8%) 5837 (38.4%) 0.170 6151 (40.5%) 5837 (38.4%) 0.042
NA 781 (1.5%) 409 (2.7%) 0.084 381 (2.5%) 409 (2.7%) 0.011
Diagnoses for hospitalisation 1-365 days prior to initiation
Any hospitalisation 18,783 (35.9%) 3130 (20.6%) 0.350 3207 (21.1%) 3130 (20.6%) 0.013
DM-kidney complications 7051 (13.5%) 368 (2.4%) 0.420 375 (2.5%) 368 (2.4%) 0.003
Retinopathy 2651 (5.1%) 513 (3.4%) 0.080 538 (3.5%) 513 (3.4%) 0.009
Neuropathy 802 (1.5%) 75 (0.5%) 0.100 70 (0.5%) 75 (0.5%) 0.004
Peripheral angiopathy 1285 (2.5%) 86 (0.6%) 0.160 79 (0.5%) 86 (0.6%) 0.007
Poor control 6409 (12.2%) 856 (5.6%) 0.230 894 (5.9%) 856 (5.6%) 0.011
Hypoglycaemia 3072 (5.9%) 173 (1.1%) 0.260 170 (1.1%) 173 (1.1%) 0.002
Insulin resistance 15,477 (29.6%) 2236 (14.7%) 0.360 2270 (14.9%) 2236 (14.7%) 0.006
Foot ulcer 1203 (2.3%) 124 (0.8%) 0.120 139 (0.9%) 124 (0.8%) 0.010
HbAlc (%)
<7 4983 (9.5%) 1261 (8.3%) 0.040 1253 (8.2%) 1261 (8.3%) 0.002
7-8.9 19,638 (37.5%) 5264 (34.6%) 0.060 5328 (35.0%) 5264 (34.6%) 0.009
>9 11,716 (22.4%) 3378 (22.2%) 0.004 3300 (21.7%) 3378 (22.2%) 0.012
NA 16,012 (30.6%) 5304 (34.9%) 0.092 5326 (35.0%) 5304 (34.9%) 0.003
eGFR (mL/min/1.73m?)
<60 7499 (14.3%) 588 (3.9%) 0.370 526 (3.5%) 588 (3.9%) 0.022
60-89 6973 (13.3%) 1964 (12.9%) 0.010 2041 (13.4%) 1964 (12.9%) 0.015
>90 7202 (13.8%) 2622 (17.2%) 0.096 2709 (17.8%) 2622 (17.2%) 0.015
NA 30,675 (58.6%) 10,033 (66.0%) 0.153 9931 (65.3%) 10,033 (66.0%) 0.014
Diagnoses in 3 years prior to initiation (co-morbid conditions)
Any CVD 23,257 (44.4%) 4568 (30.0%) 0.300 4614 (30.3%) 4568 (30.0%) 0.007
Any cancer 1676 (3.2%) 197 (1.3%) 0.130 207 (1.4%) 197 (1.3%) 0.005
Hypertensive disease 21,286 (40.7%) 3859 (25.4%) 0.330 3935 (25.9%) 3859 (25.4%) 0.011
Hyperlipidaemia 19,579 (37.4%) 3727 (24.5%) 0.280 3766 (24.8%) 3727 (24.5%) 0.006
Medication history of DM drugs 1-365 days prior to initiation
Number of oral DM drugs
No records 12,738 (24.3%) 3324 (21.9%) 0.060 3672 (24.2%) 3324 (21.9%) 0.054
1 20,987 (40.1%) 5277 (34.7%) 0.110 5001 (32.9%) 5277 (34.7%) 0.038
2 15,281 (29.2%) 5861 (38.5%) 0.199 5785 (38.0%) 5861 (38.5%) 0.010
>3 3343 (6.4%) 745 (4.9%) 0.070 749 (4.9%) 745 (4.9%) 0.001
MET 23,075 (44.1%) 9711 (63.9%) 0.405 9199 (60.5%) 9711 (63.9%) 0.070
SU 33,520 (64.0%) 8497 (55.9%) 0.170 8612 (56.6%) 8497 (55.9%) 0.015
Acarbose 3690 (7.1%) 661 (4.4%) 0.120 688 (4.5%) 661 (4.4%) 0.008
Insulin 9971 (19.1%) 3112 (20.5%) 0.035 2966 (19.5%) 3112 (20.5%) 0.024

DPP4: dipeptidyl peptidase 4; SGLT2: sodium-glucose co-transporter 2; d: standardised difference; SD: standard deviation; SC: Singapore citi-
zen; PR: Singapore permanent resident; SES: socioeconomic status; NA: not applicable; BP: blood pressure; DM: diabetes mellitus; HbAlc:
haemoglobin Alc; eGFR: estimated glomerular filtration rate; CVD: cardiovascular disease; MET: metformin; SU: sulfonylureas
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Fig. 1 Selection of study popu-
lation for outcomes measured
31-365 days after initiation

Table2 RR and associated
95% Cls for glycaemic control

Outcomes, n(%) DPP4 inhibitors SGLT?2 inhibitors Unadjusted RR (95% CI) Adjusted RR (95% CD*

in two treatment cohorts after

treatment initiation

All patients (5495 matched patients from each treatment cohort)

HbAlc<7% 2062 (37.5%) 2240 (40.8%) 1.09 (1.04, 1.14)
HbAlc 7-8% 1740 (31.7%) 1761 (32.1%) 1.01 (0.96, 1.07)
HbAlc>8% 1693 (30.8%) 1494 (27.2%) 0.88 (0.83, 0.94)

Chinese (3365 matched patients from each treatment cohort)

HbAlc<7% 1264 (37.6%) 1382 (41.1%) 1.09 (1.03, 1.16)
HbAlc 7-8% 1138 (33.8%) 1150 (34.2%) 1.01 (0.95, 1.08)
HbAlc>8% 963 (28.6%) 833 (24.8%) 0.87 (0.80, 0.94)

Indian (905 matched patients from each treatment cohort)

1.09 (1.04, 1.14)
1.01 (0.96, 1.07)
0.88 (0.83, 0.94)

1.09 (1.03, 1.16)
1.01 (0.95, 1.08)
0.87 (0.80, 0.94)

1.11 (0.99, 1.25)
0.86 (0.75, 0.99)
1.00 (0.88, 1.14)

HbAlc<7% 318 (35.1%) 357 (39.5%) 1.12 (1.00, 1.27)
HbAlc 7-8% 294 (32.5%) 254 (28.1%) 0.86 (0.75, 0.99)
HbAlc>8% 293 (32.4%) 294 (32.5%) 1.00 (0.88, 1.15)
Malay (745 matched patients from each treatment cohort)

HbAlc<7% 280 (37.6%) 303 (40.7%) 1.08 (0.95, 1.23)
HbAlc 7-8% 222 (29.8%) 218 (29.3%) 0.98 (0.84, 1.15)
HbAlc>8% 243 (32.6%) 224 (30.1%) 0.92 (0.79, 1.07)

1.07 (0.94, 1.21)
0.98 (0.84, 1.15)
0.92 (0.80, 1.07)

"Adjusted for baseline HbA lc and year of initiation (for Indian and Malay patients)
HbAlc: haemoglobin Alc; DPP4: dipeptidyl peptidase 4; SGLT2: sodium-glucose co-transporter 2; RR:

risk ratio; CI: confidence interval

showed greater reductions in HbAlc than other oral anti-
diabetic drugs such as DPP4 inhibitors, with more patients
attaining target glycaemic control or reduction in the real-
world setting [28-30]. SGLT2 inhibitors also showed better

glycaemic control than DPP4 inhibitors in clinical trials [31,
32]. A meta-analysis comprising 25 randomised controlled
trials (RCTs) observed no statistically significant difference
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Table 3 RR and associated 95%

. Outcomes, n (%)
ClIs for DKA, hypoglycaemia

DPP4 inhibitors SGLT?2 inhibitors RR (95%CI)

and UTI in two treatment

cohorts after treatment initiation DKA

DKA hospitalisation with length of stay >7 days

Hospitalised for hypoglycaemia
Hospitalised for UTI

All patients (15,207 matched patients from each treatment cohort)

Chinese (9199 matched patients from each treatment cohort)

DKA

DKA hospitalisation with length of stay >7 days

Hospitalised for hypoglycaemia
Hospitalised for UTI

Indian (2461 matched patients from each treatment cohort)

DKA

DKA hospitalisation with length of stay >7 days

Hospitalised for hypoglycaemia
Hospitalised for UTI

Malay (2087 matched patients from each treatment cohort)

DKA

DKA hospitalisation with length of stay >7 days

Hospitalised for hypoglycaemia
Hospitalised for UTI

108 (0.7%) 83 (0.6%) 0.77 (0.58, 1.02)
47 (0.3%) 44 (0.3%) 0.94 (0.62, 1.41)
347 (2.3%) 241 (1.6%) 0.69 (0.59, 0.82)
332 (2.2%) 173 (1.1%) 0.52 (0.43, 0.63)
55 (0.6%) 51 (0.6%) 0.93 (0.63, 1.36)
27 (0.3%) 25 (0.3%) 0.93 (0.54, 1.59)
189 (2.1%) 124 (1.4%) 0.66 (0.52, 0.82)
166 (1.8%) 95 (1.0%) 0.57 (0.45, 0.74)
22 (0.9%) 11 (0.5%) 0.50 (0.24, 1.03)
10 (0.4%) 6 (0.2%) 0.60 (0.22, 1.65)
94 (3.8%) 48 (2.0%) 0.51 (0.36, 0.72)
74 (3.0%) 39 (1.6%) 0.53 (0.36, 0.77)
30 (1.4%) 15 (0.7%) 0.50 (0.27, 0.93)
12 (0.6%) 10 (0.5%) 0.83 (0.36, 1.92)
49 (2.4%) 44 (2.1%) 0.90 (0.60, 1.34)
59 (2.8%) 24 (1.2%) 0.41 (0.25, 0.65)

DPP4: dipeptidyl peptidase 4; SGLT2: sodium-glucose co-transporter 2; RR: risk ratio; CI: confidence
interval; DKA: diabetic ketoacidosis; UTI: urinary tract infection

between the treatment groups but there was substantial het-
erogeneity across studies (’=62%) [33].

As expected, the relative efficacy of treatments dif-
fered across ethnic groups. Although SGLT? inhibitor use
increased the likelihood of achieving target glycaemic con-
trol in patients of Chinese ethnicity, this was not observed
in patients of Malay and Indian ethnicity. This is consist-
ent with the literature that diabetes control is more optimal
among the Chinese compared to Malays and Indians [34],
thus highlighting the need to consider ethnicity in diabetes
management and when assessing clinical outcomes. It is also
important to realise that ethnicity is affected by genetic and
environmental factors such as body fat distribution, adipose
tissue function, differences in insulin secretion levels and
insulin sensitivity, health beliefs and dietary habits [34, 35],
forming a complex interplay of risk factors.

In terms of safety outcomes, the literature was mixed,
with some studies reporting increased DKA risk with
SGLT2 inhibitors and other studies reporting no increase.
Our study did not observe a higher risk of hospitalisation
for DKA with SGLT?2 inhibitors. Similarly, another nation-
wide retrospective cohort study in Korea did not observe an
increase in DKA risk in the SGLT?2 inhibitor-treated group
[hazard ratio (HR) 0.956; 95% CI 0.581, 1.572; p=0.996]
after PS matching [13]. The risk of DKA was also not higher
in the SGLT2 inhibitor-treated group in a meta-analysis
consisting of 81 trials, with Mantel-Haenszel odds ratio

@ Springer

(OR) of 1.14 (95% CI1 0.45, 2.88; p=0.78) [36]. Two other
meta-analyses [37, 38], the Empagliflozin Cardiovascular
Outcome Event Trial in Type 2 Diabetes Mellitus Patients
—Removing Excess Glucose (EMPA-REG OUTCOME) trial
[39] and Canagliflozin Cardiovascular Assessment Study
(CANVAS) programme [40] also reported similar results.
On the other hand, a retrospective observational study in the
US (HR 2.2;95% CI 1.4, 3.6) and a cohort study on Scandi-
navian countries (HR 2.14; 95% CI 1.17, 4.09) found treat-
ment with SGLT2 inhibitors to be associated with higher
DKA risk than DPP4 inhibitors with PS matching [41, 42].
Clinicians may need to continue monitoring patients who
are initially starting SGLT?2 inhibitors, in particular, eug-
lycaemic DKA which can be easily missed due to normal
glucose levels [43—45] or when there are symptoms such as
nausea and vomiting which may indicate ketoacidosis [46].

Hypoglycaemia results in our study are also consistent
with those in the published literature. The risk of hospitalisa-
tions for hypoglycaemia was 31% lower in patients initiating
SGLT?2 inhibitors compared to DPP4 inhibitors in our study.
This effect was similarly observed in the ethnic subgroups
but was not statistically significant in patients of Malay eth-
nicity. A meta-analysis of nine RCTs also reported lower risk
of hypoglycaemia with SGLT?2 inhibitors (OR 0.48; 95% CI
0.28, 0.82; p=0.008) [38]. This was also observed in real-
world studies with patients receiving dapagliflozin reporting
lower rates of hypoglycaemia than other oral drugs (0.6%
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Table 4 RR and associated 95%

NI Outcomes, n(%)
ClIs for hospitalisations and

DPP4 inhibitors SGLT?2 inhibitors RR (95%CI)

deaths in two treatment cohorts

after treatment initiation Any hospitalisation

Hospitalised for DM (principal diagnosis)
Hospitalised for DM-related kidney complications
Hospitalised for diabetic nephropathy

Hospitalised for CVD
Hospitalised for HF
All-cause death

All patients (15,207 matched patients from each treatment cohort)

2830 (18.6%) 2489 (16.4%) 0.88 (0.84, 0.92)
546 (3.6%) 336 (2.2%) 0.62 (0.54, 0.70)
156 (1.0%) 44 (0.3%) 0.28 (0.20, 0.39)
34 (0.2%) 37 (0.2%) 1.09 (0.68, 1.73)
534 (3.5%) 570 (3.8%) 1.07 (0.95, 1.20)
211 (1.4%) 164 (1.1%) 0.78 (0.63, 0.95)
151 (1.0%) 100 (0.7%) 0.66 (0.51, 0.85)

Chinese (9199 matched patients from each treatment cohort)

Any hospitalisation

Hospitalised for DM (principal diagnosis)
Hospitalised for DM-related kidney complications 92 (1.0%)
Hospitalised for diabetic nephropathy

Hospitalised for CVD
Hospitalised for HF
All-cause death

1467 (16.0%) 1263 (13.7%) 0.86 (0.80, 0.92)
280 (3.0%) 145 (1.6%) 0.52 (0.42, 0.63)

20 (0.2%) 0.22 (0.13, 0.35)
10 (0.1%) 18 (0.2%) 1.80 (0.83, 3.90)
299 (3.3%) 293 (3.2%) 0.98 (0.84, 1.15)
124 (1.4%) 76 (0.8%) 0.61 (0.46, 0.81)
87 (1.0%) 56 (0.6%) 0.64 (0.46, 0.90)

Indian (2461 matched patients from each treatment cohort)

Any hospitalisation

Hospitalised for DM (principal diagnosis)
Hospitalised for DM-related kidney complications 27 (1.1%)
Hospitalised for diabetic nephropathy

Hospitalised for CVD
Hospitalised for HF
All-cause death

594 (24.1%) 521 (21.2%) 0.88 (0.79, 0.97)

114 (4.6%) 65 (2.6%) 0.57 (0.42,0.77)

9 (0.4%) 0.33 (0.16, 0.71)
15 (0.6%) 5(0.2%) 0.33 (0.12, 0.92)
115 (4.7%) 126 (5.1%) 1.10 (0.86, 1.40)
47 (1.9%) 32 (1.3%) 0.68 (0.44, 1.06)
25 (1.0%) 17 (0.7%) 0.68 (0.37, 1.26)

Malay (2087 matched patients from each treatment cohort)

Any hospitalisation

Hospitalised for DM (principal diagnosis)
Hospitalised for DM-related kidney complications 26 (1.3%)
Hospitalised for diabetic nephropathy

Hospitalised for CVD
Hospitalised for HF
All-cause death

476 (22.8%) 441 (21.1%) 0.93 (0.83, 1.04)
101 (4.8%) 84 (4.0%) 0.83 (0.63, 1.10)

12 (0.6%) 0.46 (0.23, 0.91)
5(0.2%) 12 (0.6%) 2.40 (0.85, 6.80)
82 (3.9%) 95 (4.6%) 1.16 (0.87, 1.55)
27 (1.3%) 40 (1.9%) 1.48 (0.91, 2.40)
32 (1.5%) 19 (0.9%) 0.59 (0.34, 1.04)

DPP4: dipeptidyl peptidase 4; SGLT2: sodium-glucose co-transporter 2; RR: risk ratio; CI: confidence
interval; DM: diabetes mellitus; CVD: cardiovascular disease; HF: heart failure

vs. 1.3%) [28] and decreased risk of hypoglycaemia with
SGLT?2 inhibitors (HR 0.76; 95% CI 0.65, 0.90; p=0.001)
[47]. A systematic review comprising 25 RCTs (RR, 0.99;
95% C10.78, 1.26, p=0.92) [33] and an additional RCT
(4.0% vs. 3.4%) [31] found the risk or incidence of hypogly-
caemic events to be similar between users of SGLT?2 inhibi-
tors and DPP4 inhibitors.

In addition, we observed that SGLT2 inhibitors did not
increase the risk of UTI hospitalisations compared to DPP4
inhibitors in the overall cohort and across all ethnic groups.
This is consistent with a large US cohort study of 123,752
matched patients on SGLT2 inhibitors and DPP4 inhibitors
which also found a lower risk of UTI hospitalisations (HR
0.68; 95% CI 0.54, 0.87) [48]. Two meta-analyses did not
report an increased risk of severe or non-severe UTI events

with SGLT?2 inhibitors [49, 50]. Another observational study
in Australia similarly did not find a higher risk of UTI infec-
tions in SGLT?2 inhibitor initiators (HR 0.90; 95% CI 0.66,
1.24) [51]. Other studies also reported similar UTI rates
between treatment groups [31, 37, 52, 53] while a pooled
analysis (OR 1.15;95% CI 1.00, 1.33; p=0.047) [38] and a
retrospective cohort study in Korea (HR 1.05; 95% CI 1.00,
1.11; p=0.047) [54] reported increased risk of UTIs with
SGLT?2 inhibitors which was borderline significant.

Our study also found that SGLT2 inhibitors reduced
the risk of hospitalisations (except for CVD hospitali-
sations and hospitalisations for diabetic nephropathy)
and all-cause death compared to DPP4 inhibitors. Other
real-world studies also showed SGLT2 inhibitors were
associated with a lower risk of all-cause death compared
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with other diabetes drugs (HR 0.51; 95% CI 0.37, 0.70;
p <0.001) [55]. Furthermore, this finding was consist-
ent across countries, ranging from 25% in Singapore to
68% reduced risk in Australia. The lower risk of death
was attenuated when restricted to first new-user and
using intention to treat approach (HR 0.65; 95% CI
0.60, 0.71; p<0.001) [55], similar to our study findings
of 34% reduced risk of death in the SGLT2 inhibitor-
treated cohort. Other observational studies [42, 56-58],
clinical trials such as EMPA-REG OUTCOME trial [39]
and CANVAS programme [40], and a meta-analysis [38]
also reported a lower risk of all-cause death with SGLT2
inhibitors. A real-world study in Israel also reported
reduced risk of hospitalisations (OR 0.662; 95% CI 0.564,
0.776; p<0.001) in patients initiating SGLT?2 inhibitors
compared with DPP4 inhibitors up to 24 weeks and its
effects were similarly observed in the matched popula-
tions (OR 0.731; 95% CI 0.603, 0.885; p=0.001) [58].
As expected, the magnitude of decreased hospitalisation
risk varied across ethnic groups with patients of Chinese
ethnicity reporting greater reductions in hospitalisation
and death risk than other ethnic groups in our study. This
again highlights the importance of including ethnic-
ity when assessing the impact of treatments on patient
outcomes.

Although no significant differences were observed for
CVD hospitalisations, SGLT2 inhibitor-treated patients were
22% less likely to be hospitalised for HF than DPP4 inhibi-
tor-treated patients in our study. This is similarly observed in
other retrospective observational studies in Korea (HR 0.66;
95% C10.58, 0.75; p<0.001) [59] and US (HR 0.68; 95% CI
0.54,0.86; p=0.001) [60]. A network meta-analysis study of
58 trials also reported reduced HF events with SGLT2 inhib-
itors (HR 0.55; 95% C10.46, 0.67; 1>=19%) [61]. Our find-
ings are also consistent with those from the observational
Comparative Effectiveness of Cardiovascular Outcomes in
New Users of Sodium-Glucose Cotransporter-2 Inhibitors
(CVD-REAL) 2 study comprising patients from six coun-
tries including Singapore. SGLT?2 inhibitors were associated
with 26% lower risk of HF hospitalisation than other oral
and injectable glucose-lowering drugs (HR 0.74; 95% CI
0.69, 0.80) [55]. However, statistically significant reduction
was not observed in patients from Singapore (HR 0.58; 95%
CI0.34, 1.00) likely due to the small sample size (n=2222)
[55]. The CVD-REAL Nordic study also observed a reduced
risk of hospitalisations for HF with SGLT? inhibitors com-
pared to other diabetes drugs (HR 0.70; 95% CI1 0.61, 0.81;
p<0.0001) [47]. In a later CVD-REAL Nordic study com-
paring dapagliflozin and DPP4 inhibitors, similar findings
on hospitalisation for HF were reported (HR 0.69; 95% CI
0.57, 0.84; p<0.001) [56]. A Scandinavian register based
cohort study also found significant differences in HF events

@ Springer

favouring SGLT2 inhibitors over DPP4 inhibitors (HR 0.66;
95% CI10.53, 0.81) [42].

Our study also estimated that the reduced risk of hospi-
talisations associated with SGLT? inhibitors would translate
to cumulative savings of more than $50 million and 1261
deaths avoided over 10 years. Although the use of newer
drugs such as SGLT?2 inhibitors to improve glycaemic con-
trol would increase spending, these costs were offset by sav-
ings in the longer term from lower rates of co-morbidities
[62].

One of the strengths of our study is the inclusion of a
large and representative sample of ethnically and clini-
cally diverse patients with T2DM seeking treatments in
Singapore. In addition, PS matching was performed to
balance baseline characteristics of patients between treat-
ment groups and to minimise bias when assessing treat-
ment effect [63]. Several variables were also used in the
identification of T2DM patients such as age at diagnosis
and treatment in addition to diagnosis codes. Thus the risk
of misclassification for T2DM was low considering our
study findings are also consistent with those reported in
published real-world studies and clinical trials. There are
however some limitations with using prescribing data. Pre-
scribing data does not reflect actual ingestion and adher-
ence to therapy but prescriptions indicated as cancelled or
discontinued were excluded from the analyses, to capture
medication use more accurately. Residual confounding
may still remain after PS matching. Future studies with
larger sample sizes or longer follow-up period may be
required to further assess the effect of SGLT2 inhibitors
by ethnicity on outcomes such as diabetic nephropathy.
Possible switching between SGLT2 inhibitors and DPP4
inhibitors after treatment initiation was not accounted for.
Finally, the benefits of SGLT?2 inhibitors were potentially
underestimated as reductions in body weight and blood
pressure could not be assessed due to limitations of the
database.

Conclusions

In summary, the results of our study showed that SGLT2
inhibitors were associated with improvements in gly-
caemic control and reduced risk of hospitalisations and
deaths in patients with T2DM managed in the public
healthcare setting in Singapore, and were well tolerated.
However, such benefits were mostly observed in patients
of Chinese ethnicity. Therefore, future studies should
consider ethnicity as a key factor in overall disease
management and the risk of developing T2DM-related
complications.
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Fig.2 Selection of study popu-
lation for outcomes measured T2DM patients newly initiating on SGLT2 inhibitors or
91-365 days after initiation DPP4 inhibitors

n= 53,204

Patients excluded n =17,510

No Hbalc results after initiation
No information on gender
Non-resident

Age less than 30 years old
Patient died

DPP4 inhibitors matched (1:1) to
SGLT?2 inhibitors on propensity score
n=5495

SGLT2 inhibitors
n=5,495

@ Springer



535

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

£¢00 (%0°8S) veES (%8'99) LTTS 6L0°0 (%0'8S) veES (%0'%S) OL8 LT VN
9000 (%L'9) 819 (%6'9) 1€9 1200 (%L'9) 819 (%T'9) 050T 01<
§00°0 (%1°¢) 98¢ (%0°¢) 8LT 0200 (%1°€) 98¢ (%87 S16 61
¥20°0 (%T'TE) 196C (%€°€€) €90€ 101°0 (%T'TE) 196C (%0°L€) 9€T°Tl IoyOws-uoN
(Kep 1od so301e310 JO ToqUINU) Suryows 9)3o1e3I)
0100 (%1'T€) 8L6T (%6'1€) €£6C 190°0 (%¥'T€) 8L6T (%5°60) OLL6 VN
1€0°0 (%1'81) ¥691 (%T'L1) ¥8S1 0LT°0 (%1'81) ¥691 (%€T1) €LOY 08<
200 (%1°52) 60€C (%1'90) vOvC 600°0 (%1°52) 60€C (%L¥0) L918 6L-59
S10°0 (%1'%20) 81¢T (%8'%7) 8LTT L0T0 (%1'%20) 81¢C (%S°€€) 190°T1 9>
(surex3o[ry) IYIopm
€000 (%1°59) 8109 (%9°59) T€09 §9T0 (%1'59) 8109 (%S7CS) 9S€E°LT VN
000 (%1€ S1€ (%1'e) TiE 1700 (%1€ S1€ (%L S68 Aprsqns wnwrury
0200 (%L 05T (%0 122 690°0 (%L 05T (%L'1) §9 Aprsqns owog
¥00°0 (%¥'82) 919C (%9'80) ¥£9T 60¢°0 (%1'82) 919¢C (%1°€p) SSTHI Aprsqns wnuwrxey
k10393180 SHS
0100 (%€°€) €0€ (%1°€) 98¢ 870°0 (%€°¢) €0€ (%S0 128 ad
0100 (%L°96) 9688 (%6'96) €168 870°0 (%L'96) 9688 (%S°L6) 0ST'TE oS
Q0UIPISIY
(4100 (%S°LS) 06TS (%6'99) vETS ¥L0°0 (%S°LS) 06TS (%8°€S) 66L°L1 (orew) 19pusn
700 (%6°SS) €V1S (%L '€S) ThoY 88%°0 (%6°SS) €V1S (B'Te) 11L°01 810¢
00 (%8'9¢) S8€€ (%1'6€) 99¢ Y210 (%8'9¢) S8€€ (%6°0€) LTTO1 L10T
9100 (%8') Sty %Sy S1¥ 9990 (%8¥) Svy (%S'€0) 89LL 910T
9100 (%50 9tC (%0 91C 80v°0 (%50 9TC (%TET) S9¢P S10T
uonenIuI JO JBX
810°0 (%8'%9) 9565 (%9°59) $£09 8v1°0 (%8'%9) 9565 (%9°LS) LEO'6T SOIUI[D a1ed
810°0 (%€°S€) €vTe (%¥'¥€) ¥91€ 8v1°0 (%€°5€) evee (%¥'TY) vEO'T1 srendsoq
uorenIur jo 3umes
(%)u (%)u (%)u (%)u
6100 90IFV'LS LOT+6°8S 611°0 90IFV'LS OITFLY9 ST ueaw ‘(sreak) ofy
(6616=1) (6616=1) (6616=1) (1L0'¢e=1)
P SIONqQIUUI 21 TDS stonquuut yddd P SIONqIUI 2L TDS stonquuut yddd

110400 PAYIeIA

S110400 payojewu)

SIqeLIeA

Kyoruye dsaury) jo sjuaned ur uonenNIUL I9)Je SABP G9E—] ¢ PAINSBAW SAWOIINO J0J SUIydIew S J9)Je pue 210J2q S}I0Y0D JUSWILaI} OM] UI SONSLIg)ORIRYD dul[aseq Jo uostredwo) 9 a|qel

g xipuaddy

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

536

8000 (BL¥E) ¥61€ (%E¥€) 651¢ €01°0 (BL¥E) ¥61€ (%6'67) 8886 VN

6000 (%L'61) 0181 (%E€61) LLLT 6100 (%L'61) 0181 (%$°07) S9L9 6<

9100 (%T'LE) 9THE (%0'8¢) L6¥E 6700 (%T'LE) 9THe (%9°6€) L60°CT 6'8—L

100°0 (%¥'8) 69L (%€'8) 99L 8600 (%¥'8) 69L (%0°01) TTEE L>
(%) °91V9H

€000 (%9°0) TS (%9°0) TS LIT°0 (%9°0) TS (%8'T) 809 19010 1004

100°0 (1T LITT (1T STTT L1¥'0 1T LITT (%9°82) ¥S+6 QduB)SISaI ulnsuy

6000 (%8°0) TL (%L0) ¥9 ¥9T°0 (%8°0) TL (%€9) SELT eroeoA[sodAy

100°0 (%S°€) 9T¢ (%9°¢) LTE 1L2°0 (%S°€) 9T¢ (%¥01) TEPE [01u0d 1004

€000 (%¥°0) 9¢ (%¥°0) 6€ 810 (%¥0) 9¢ T ciL  AyedorSue ereydiiog

110°0 (%¥°0) T€ (%€0) LT LIT0 (%¥0) T€ (%S'T) 6L% AyredomaN

c100 (%1°¢) 68C (%¥'€) 80€ 9L0°0 (%1°€) 68 (%9°%) STST Ayredounoy

suon

€200 (%10 61 (%81) ¥91 ¥r0 (%17 T61 (%1°¢1) Stey  -eondwod ASupry-INd

€000 (%T'LT) TLST (%T'L1) T8ST L6€°0 (%T'LT) TLST (%1°%€) S9TTT uonesifedsoy Auy
uoneniur 0} Jorid skep ggg—1 uonesieyrdsoy 10y sasouser(g

0100 (%0°¢) SLT (%8'7) 09T L6070 (%0°¢) SLT (%91 ¥15 VN

1600 (%L'8€) ¥95€ (%T1¥) T6LE 081°0 (%L'8€) ¥95¢ (%9'LY) €vL'ST 01<

€100 (%6'LT) 89ST (%¥'LT) L1ST €600 (%6'LT) 89ST (%€0€) LTO0T (Y

6€0°0 (%¥°0€) T6LT (%9'827) 0£9¢ LTT0 (%¥'0€) T6LT (%S02) L8LY 0
(s189K) sajeqeIp YIIM uoTRIN(

100 (%T'ST) 0TET (%L¥0) TLTT 960°0 (%T'ST) 0TET (%T'12) 8669 VN

900°0 (%€'120) 6561 (%112 9¢61 880°0 (%€12) 6561 (%0°527) $928 i<

€100 (%8'27) 660 (%¥'€0) 1S1C 600°0 (%8'27) 660 (%¥'T0) 1Tyl 6€1-0¢1

¥00°0 (%L'0€) 128¢ (%6°0¢) 0¥8C 9100 (%L'0€) 128¢ (%¥'1€) L8EOT 0gr>
(BHww) g9 o1[oIsks

100 (%T'SD) 0TET (BLYD) TLTT 960°0 (%T'ST) 0TET (%T'17) 8669 VN

S00°0 (%6'€) 09¢ (%0'%) 69¢ ¥20°0 (%6°'¢) 09¢ (%S€) 711 06<

100°0 (%1°€S) T88¥ (%1°€S) L88Y €000 (%1°€S) T88¥ (%T'€S) TOY'LT 68—S9

0100 (%8°L1) LEIT (%T'81) 1L91 601°0 (%8°L1) LEIT (%T'TT) 0EEL 9>
(SHww) 4d d1joIseIq

(6616=1) (6616=1) (6616=1) (1L0'ce =1
p SIONQIUUI Z1'TOS stoyquyut +ddd p s10)1qIuI 21 TOS sIo)qrqur 4dd

S1I0Y0D PAYdIBIA $1I0Y0D payodjewu) SO[qEBLIBA

(ponunuoo) 9sjqey

pringer

Qs



537

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

SeIN[AUOJNS (S ‘UTLIOJIoW
:LAIN 9SeISIP Je[ndSeAOIpIEd (JAD f9¥el uonen[y Je[nIdwold pajewnsd IO O]V uIqo[Sowaey O] yqH ‘SmI[[ow sajeqelp [JNJ einssaid poolq :4q :o[qedsrdde jou :yN :Snjejs J1wouod0
-100s :SHS ‘Juaprsar juouewrrad arode3urg 1 ‘uezni a1odeSuls (DS (UOTIBIASD pIepue)s (IS ‘QOUIQJIP PIsIpIepue)s :p ‘g J9)iodsuen-o0o asoonS-wnipos (7 10S 4 osepndad [Apndadip :$ddq

1¥0°0 (%0°61) 8¥LI (%¥'L1) €091 00°0 (%0°61) 8YLI (%S'LT) 8LLS ulnsuy
0200 (%) Sov (%8°Y) ¥ ¥Z1°0 (%) Sov (%E'L) €1¥T 950qIedy
6100 (%1°99) 7916 (%0°LS) 9vTS 991°0 (%1°99) 7916 (%T¥9) LET'TT ns
€L0°0 (%L'€9) 958¢ (%1°09) 6T5S (2840 (%L'€9) 9586 (%S €v) 181 LAN
1100 (%0°S) 297 (%€°S) ¥8¥ $90°0 (%0°S) 797 (%$9) 651¢ €<
S10°0 (%¥'8¢€) TESE (%L LE) ¥9rE ¥0C°0 (%¥'8¢€) TESE (%8'87) 0£56 C
9¢€0°0 (BLYE) ¥61€ (%0°€€) 6£0¢€ 911°0 (%BLYE) v61€ (%E0P) TE€°CT 1
2500 (%6'12) 110T (%1¥20) TiTT 6500 (%6'12) 110T (%€¥2) 1508 SpI03a1 ON
s3nIp N [BI0 JO ToquInN
uonentur 0} Jotid skep G9g—1 s3nIp A JO AI0)STY UOTIBITIPIA
2000 (%L°07) 8061 (%8°00) L161 1€€°0 (%L°02) 8061 (%¥'SE) LILTT erwoeprdiproddy
£00°0 (%€20) 50T (%T'T0) 40T 08¢0 (%€T0) 50T (%9°6€) L60'ET 9seasIp dATsudIedAH
2000 (%S°1) s€1 (%S°1) 8€1 710 (%S'1) €1 (%8°¢) S¥TT Tooued Auy
600°0 (%0'LD) €8%C (%9'90) L¥¥T 9€0 (%0'LD) €81C (%€ €v) 80E VT AAD Auy
(suonIpuod pIqiow-0d) uonenrur oy Jorid sIeak ¢ ur sasouger(q
L200 (%L'99) SE19 (%¥'59) 6109 0LT"0 (%L'99) S€19 (%S°8S) TvE°61 VN
910°0 (%€91) L6¥T (%6'91) €5ST 960°0 (%€91) LévT (%6'C1) 99T¥ 06<
0€0°0 (%8C1) 1811 (%6'€1) vLTT L200 (%8°C1) 1811 (%8€T) L¥SY 68—09
8100 (%T¥) 98¢ (%8°¢) €5¢ 69¢€°0 (%T¥) 98¢ (%6'71) L16¥ 09>
(g, 1/umay/Tan) D
(6616=1) (6616=1) (6616=1) (1L0'ce =1
p SIONQIUUI Z1'TOS stoyquyut +ddd p s10)1qIuI 21 TOS sIo)qrqur 4dd
S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuoo) 9sjqey

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

538

9¢0°0 (%8°¢) 6 (%9%) Tl1 1100 (%8°¢) 6 (%9°¢) S9t 06<
¥20°0 (%T'€S) 60€T (%0°2S) 6LTT L00°0 (%T€S) 60€T (%8'2S) 0L8€ 68-S9
1000 (%6'91) S1¥ (%6'91) 91+ 680°0 (%6'91) S1¥ (%T00) 8LVT 9>
(BHww) g9 droiserq
¥00°0 (%1°95) 08€1 (%6'SS) SLET 6L0°0 (%1°95) 08€1 (%1°29) 818¢ VN
800°0 (%S 111 (%¥'¥) LOT 0200 (%S 111 (%6'%) 19¢ 01<
010°0 (%0°1) 86 (%8°¢) €6 200 (%0°%) 86 (%9°¢) 19T 6-1
100 (%¥'S€) TLS (%0'9¢) 988 2800 (%¥'5€) TLS (%¥°6£) 988C Joyows-uoN
(Kep 1od sepa1e310 Jo Joquinu) Suryouws 9)3oIe3I)
800°0 (%0°€€) 118 (%£°€€) 0T8 €€0°0 (%0°€€) 118 (%¥'1€) 00€T VN
9¢0°0 (%¥'T2) 0SS (%6'00) €16 6¥1°0 (%Y%) 0SS (%S91) LOTT 08<
¥10°0 (%Y%) 109 (%0°52) 919 6€0°0 (%¥'¥2) 109 (%192) 161 6L—S9
€100 (%€00) 66V (%800) T1S LETO (%€00) 66V (%0'92) LO61 S9>
(swrex3o[ry) WYIom
2000 (%S$'19) €161 (%¥'19) 0161 L81°0 (%S'19) €161 (%€TS) 878¢ VN
0 (%¥°€) ¥8 (%¥'€) ¥8 8200 (%¥'€) ¥8 (%60 ¥1T Aprsqns wnwiruI
2000 (%87 89 (%L L9 6100 (%8'2) 89 (%S0 081 Aprsqns swog
¥00°0 (%€T€) 96L (%S$2€) 008 80C°0 (%€TE) 96L (%¥'Th) ¥01€ Aprsqns wntrxepy
k1039380 SHS
900°0 (%8°01) 99¢ (%0'11) LT 690°0 (%8°01) 99T (%8'8) T¥9 Ad
900°0 (%T'68) S61C (%0°68) 061¢ 690°0 (%T68) S61C (%T'16) ¥899 N
Q0UdPISTY
910°0 (%1°€S) LOET (%€TS) L8TI 70°0 (%1°€S) LOET (%6°05) 8TLE (srew) 1opusn
L9070 (%T'SS) 8S€ET (%6'19)9LTI SIS0 (%T°SS) 8SET (%$0€) 9¢TT 810¢
890°0 (%¥'S€) TLS (%L'8€) €56 S01°0 (%¥'S€) TLY (%$0¢) s€ce L10¢
100 (%BLS) 171 (%0°9) 81 95°0 (%BLS) 1¥1 (%¥'$0) 1981 910¢C
9¢0°0 (%L'€) 06 (%¥€) ¥8 65€°0 (%L'€) 06 (%9°€1) ¥66 S10¢
UONENIUL JO JBQX
L000 (%8'69) ILY1 (%¥'6S) 7oVl 2800 (%8°6S) 1L¥1 (%L°SS) €80% SOTUI[D 1ed Arewtig
L000 (%T°0%) 066 (%9°0%) 666 2800 (%T0%) 066 (%E 1) evee speitdsoy
uonenIur jo Junes
(%)u (%)u (%)u (%)u
€100 P6F1°6S €0I+86S 2800 y6F1°6S TIIF86S ST ueauw ‘(s1eak) o3y
(9rz=u) (9rz=u) (19rz=u) (9zeL=w)
p SIONqIUI 717 TOS sioyquuut +ddd p SIONqQIUUI 21 TOS stoyquuur yddd
S1I0700 Py S1I0Y00 payojewiun) S9[qeLIBA

Kyotuyje uerpuy jo sjuaned ur uonENIUL I9)je SAEP G9E—] ¢ PIINSEAUW SOWOIINO J0f SUTYoIeU S J9JJ PUE I0Joq S}IOY0D JUIWILAI} OM] UT SONSLIJOBIRYD dul[aseq Jo uostredwo)) /7 ajqel

pringer

Qs



539

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

1200 (%9'%9) 6851 (%9'€9) 951 091°0 (%9'%9) 6851 (%8'95) 6ST¥ VN
1100 (%6°00) ¥16 (%€'120) §T8 9¢0°0 (%6°00) ¥16 (%¥61) vl 06<
6100 (%¥'11) 08¢ (%0°C1) S6T 0900 (%¥'11) 08¢ (%E€D) LL6 6809
2000 (%T©) 8L (%1€ LL ¢6C0 (%T©) 8L (%S°01) 99L 09>
(Qug L T /urwyur) Y4990
6000 (%9°%¢) T8 (%1°6¢) €98 900 (%9°%¢) 758 (%9'1¢) ST1¢€T VN
710°0 (%0°LT) 99 (%¥'97) 6v9 110°0 (%0°'L7) 99 (%$'97) 061 6<
100 (%S°0€) 0SL (%0'T€) ¥9L 180°0 (%$°0¢) 0SL (%€%£) 015 6'8—L
S10°0 (%6'L) S61 (%S°L) 681 0100 (%6'L) S61 (%L'L) 19§ L>
(%) °1V9H
L0O00 (%1'1) 8¢ (%71 0g SN0} (%11 8¢ (%97 L81 J993[n 3004
€100 (%LLY) 9+ (%T'81) 81+ §9C°0 (%L LY) 9¢¥ (%8'87) €11¢ QJuB)SISAI ulnsup
€00°0 (%8'1) S¥ (%6'1) 9% 961°0 (%8'1) S¥ (%S°6) €0¥ eruoeoA[sodAy
6100 (%T'8) 10T (%L'8) ¥1T 00 (%T'8) 10T (%9%1) TLOT [onuod 1004
0€0°0 (%0'1) ST (%€T) €€ LYT°0 (%0'1) ST (%1°¢) 8tz AypedorSue [eroydrieg
€200 (%60) 1T (%11 LT 0800 (%6°0) 1T (%8°1) 621 Ayredomon
€000 (%1°%) 201 (%T¥) €01 890°0 (%1°%) 201 (%9°9) T1¥ Ayredounoy
suon
100 (%90 ¥9 (%87 69 920 (%97 ¥9 (%9°01)9LL  -eo1[dwod Asupy-INQ
0€0°0 (%0'ST) ¥19 (%€92) 9¥9 1LT0 (%0'ST) ¥19 (%¥'LE) 6€LT uonesiedsoy Auy
uonentur 0} Jotid skep gog—1 uonesifeydsoy 10§ sasouer
0 (%¥'0) 65 (%¥'0) 65 0500 (%¥'0) 65 (%L ¥T1 VN
£€0°0 (%8°€¥) LLOT (%¥'SP) L1T1 LOT°0 (%8°€v) LLOT (%1°6%) 865¢ 01<
600°0 (%8°'527) 99 (%¥°'S2) 929 101°0 (%8°52) 99 (%¥°0€) ¥Tee 66
L2070 (%0°82) 689 (%8'92) 659 8170 (%0°82) 689 (%8'81) 08€T 70
(s1eak) sojeqeIp yim uonein(
0100 (%1°92) €9 (%9'92) ¥59 90°0 (%1°92) €9 (%¥'€0) €1LT VN
600°0 (%9'02) 808 (%€07) 661 ¥50°0 (%9°02) 808 (%670 ¥L91 o<
9100 (%1°'12) 816 (%¥02) 208 1000 (%1°12) 816 (%0'127) 8€6T 6¢€1-0¢1
100 (%T'TE) T6L (%8'2€) 908 €100 (%TTE) TOL (%8'2¢) 10¥¢C oer>
(BHww) 4g droIsks
0100 (%192 €¥9 (%9'92) ¥S9 ¥90°0 (%1°97) €v9 (%¥'€0) €1LT VN
(19vz=1) (19vz=1) (19vg=1) (9zeL=1)
p SIONQIUUI Z17TOS stoquyut +ddd p SIONqQIUUI 21 TOS sIo)qrqur 4dd
S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuoo) £3|qey

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

540

seaIn[Auoy[ns :§ ‘UIULIOJ o

:LAIN $9SBISIpP Je[nOSeAOIPIEd (JAD 9Jel UONeN[Y Je[NISWO[S Pewnsd Y JO? O]V uIqo[Sowaey O] yqH SmI[[ow sajeqeIp [JNJ ainssaid pooiq 4 :9[qedsrdde jou :yN :sSnels o1uouod0
-100s :SHS ‘Juapisar juouewnrad arodeSurg Y ‘uoznm a10de3ulsS (DS ‘UOTIBIASIP PIBPUR]S (IS ‘QOUIYIP PIsIpIepue)s :p ‘7 Iaytodsuen-0o asoon3-wnipos (7 10S i osepndad [Apndadip :$ddq

8200 (%¥'¥2) 009 (%T€D) 1LS SLO0 (%¥'¥2) 009 (%T'127) SSS1 utnsuy
0 (%9°%) €11 (%9°%) €11 cLO0 (%9°%) €11 (%T9) SSt 950qIedy
€200 (%0°€S) YOET (%T¥S) geel €170 (%0°€S) YOET (%S°€9) 8+79% ns
660°0 (%879) 9¥S1 (%0°8S) LTw1 66¢£°0 (%879) 9¥S1 (%EeP) OLTE LA
2000 (%Y%) LOT (%€¥) 901 1L0°0 (%¥'¥) LOT (%6°S) cev €<
0100 (%09¢) 588 (%S°SE) €L8 0L1°0 (%0°9¢) $88 (%1°82) 950T 4
860°0 (%¥'LE) 126 (%9°7¢€) 758 180°0 (%YL€) 126 (%¥'1¥) 1€0€ 1
8L0°0 (%€T2) 8% (%9°52) 0£9 9600 (%€T2) 8%S (%L¥27) 9081 SpI0331 ON
s3nIp N [BI0 JO IoquinN
uornentut 0) Jorxd skep gog—1 s3nIp N JO AI0)STY UOTIBIIPIIA
S00°0 (%€0€) SYL (%0°0€) 6€L S91°0 (%€09) SL (%1°8€) 68LC erwoeprdipadAy
110°0 (%¥'60) ¥TL (%6'80) TIL S0C0 (%160 ¥TL (%1°6£) €98¢C 9seasIp dAIsudIdAH
0 (%80) 0T (%80) 0T ¥80°0 (%80) 0T (%81 621 Tooued Auy
1100 (%¥'¥€) 98 (%6'¢€) €£8 881°0 (%¥'¥€) 98 (%S €) 981¢ dAD Auy
(suonIpuod pIqiow-0d) uoneniur o) Jorid s1eak ¢ ur sasouerq
(19vz=1) (19vz=1) (19vg=1) (9zeL=1)
p SIONQIUUI Z17TOS stoquyut +ddd p SIONqQIUUI 21 TOS stoyquuut +ddd
S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuoo) £3|qey

pringer

Qs



541

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

#00°0 (%L'€2) S61 (%9°€0) Tov €00 (%L €2) S61 (%¥'T0) ¥£91 VN
S10°0 (%L€E) LL (%0°%) €8 2100 (%L€) LL (%6°¢) 98¢ 06<
9000 (%6°55) 9911 (%T99) TLIT 120°0 (%6°55) 9911 (%8'+S) 000% 6859
7100 (%L91) 6¥¢ (%£91) ov¢ 9500 (%L91) 6¥¢ (%6'81) LLET S9>
(SHww) dg droiserq
9100 (%TES TITT (%1¥S) 8CTI1T w00 (%TES TITT (%£°59) seov VN
8200 (%E8) vLI (%9°L) 8S1 €600 (%E8) vL1 (%0°9) vev 01<
€000 (%1) S8 (%0°1) ¥8 9200 (%1) S8 (%9°¢) 19T 6-1
0 (%Y 7€) LIL (%Y ¥E) LIL L10°0 (%Y ¥E) LIL (%T'SE) L9ST Ioyows-uoN
(Aep 1od sopare31d Jo Joquinu) Suryowrs A)3a1e3I)
9100 (%8°0€) €79 (%S°1€) 859 8000 (%8°0¢) €79 (%T'1€) SLTT VN
1¥0°0 (%T'LT) 89S (%1°SD) 0€S IST°0 (%T'LT) 89S (%8°00) LISI 08<
¥00°0 (%T+0) S0S (%¥'+2) 608 ¥20°0 (%T+2) S0S (%T°ST) 0¥81 6L-59
$20°0 (%8°LD) TLE (%L"81) 06€ 9210 (%8L1) 1LE (%8TT) $991 S9>
(swres3o[ry) WYIoM
1200 (%672S) €011 (%8°'TS) 1801 9LT°0 (%672S) €011 (B14¥) L1TE VN
LT0O0 (%10 €F (%8'T) 8¢ 7€0°0 %10 ¢F (%9°1) 611 Aprsqns wnwiury
€000 (%T©) L9 (%T°€) 99 700 (%T€) L9 (%S0 181 Ap1sqns awog
LT0°0 (%6'TY) ¥L8 (%T€Y) 206 0020 (%6'TY) ¥L8 (%8'TS) 08LE Aprsqns wnwixepw
K1039180 SHS
L000 (%€ 8y (%T0) 9% €00 (%€ 8y (%8'7) 90T ad
LO00 (%L'L6) 6£0T (%8'L6) T¥0T €€0°0 (%L'L6) 6£0T (%T'L6) T60L oS
QOUAPISAY
900°0 (%0°L¥) 086 (%L9%) ¥L6 9100 (%0'LY) 086 (%1°9%) L9¢€ (orew) Iopuan
€500 (%L'LS) SOTT (%1°6S) 0STT 1SS0 (%L'LS) SOTT (%€'1¢) 98CC 810C
1L0°0 (%¥'S€) 8¢€L (%8'8¢) 018 TL00 (%¥'S¢) 8¢€L (%0'T¢) Te€T L10T
L000 (%9'%) 96 (%S'¥) €6 0LS°0 (%9°%) 96 (%L'€T) TELT 9102
$60°0 (%€ 8¥ (%9'1) ¢ 1140 (%€7) 8¥ (%0°€1) 8+6 S10C
uonentur Jo Iesx
1100 (%€£€9) 0T€T (%L'79) 60€T TLT0 (%€£€9) 02T (%8'%S) T00¥ SOIUI[O dIed Arewliq
1100 (%8'9¢) L9L (%€'LE) 8LL TLT0 (%8'9¢) L9L (%T'SP) 96T¢ s[edsoy
uoneniut Jo w:ﬁuom
(%)u (%)u (%)u (%)u
€100 Y6F S 00TF1°6S L60°0 Y6F ¥ 80IF009  (SFueauw ‘(s1eaf) o3y
(L80z=1) (L80z=1) (L80z=1) (L6TL=1)
P SI0)IQIUUT 71 TOS S1I0M1QIUUT ddd p SIONIQUUUT 71 TDS SI0M1QUUUT $:ddd
$1I040D PAYIIBIN $11040d paydjewru) SO[qBLIBA

Kyotuyje KefepAl Jo syuaned ur uoneniur 10)je sKep Go¢—]¢ PAINSEIW SAWO0INO J0j SUTYIIRW S J9JJE PUE dI0Joq S}I0Y0D JUWIBAI} OM] UT SONSLIJOBIRYD duIaseq Jo uostredwo)) g ajqel

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

542

9100 (%¥'€9) €T€1 (%9'79) LOET $90°0 (%¥'€9) €1 (%T°09) 96€¥ VN

S10°0 (%0'81) SLE (%S'81) L8€ 1S1°0 (%0'81) SLE (%ST1) S16 06<

0 (%T'ST) 81¢€ (%T'ST) 81¢€ €600 (%T'ST) 81¢€ (%1°21) 088 6809

010°0 %Yo 1L (%9°¢) SL 71¥°0 (%Y'©) 1L (%TS1) 9011 09>
(Qug L T /urwyur) Y990

810°0 (%1°€€) 069 (%6€€) SOL 0%0°0 (%1°€€) 069 (%T1€) LLTT VN

€000 (%892) 09 (%0°L2) €95 00 (%892) 095 (%6°ST) 8881 6<

€100 (%€°1€) ¥59 (%8°0¢) TH9 6700 (%E€TE) 59 (%9°€€) ¥S¥T 6'8-L

G100 (%8'8) €81 (%€'8) ¥L1 8100 (%8°8) €81 (%€£6) 819 L>
(%) °1V9H

0 (%€£1) 9t (%€£1) 9t 1LT°0 (%€£1) 9t (%0%) 68¢ 199[n J004

0100 BL61) 11+ (%1°00) 61+ 97¢0 BL61) 11+ (%6°€€) 9LYT QdUuB)SISAT UInsup

110°0 (%8°1) LE %61 O €1€°0 (%81 LE (%9°8) 0€9 eruoeoA[SodAH

€100 (%6'6) 90T (%€01) ¥1¢ CI1T0 (%6°6) 90T (CAWANE 274! [01u0d 1004

6100 (%9°0) T1 (%L°0) ST S0C'0 (%9°0) T1 (%t'¢) 0sT  AypedorSue [esoydrieq

9200 (%L0) ST (%0°'1) 0T $80°0 (%L'0) ST (%91 611 AyedonoN

€100 (CAZINT (%9°¢)9L cero (CAZIRTA (%79) €St Ayredounoy

suon

£v0°0 (%€¢) 89 (%S0 €S (440 (%£°¢) 89 (%9'L1) 7821 -eondwod ASupry-INd

8¢0°0 (%¥'LT) TLS (%1°62) 809 €620 (%¥'LT) TLS (%T1¥) ¥00€ uonesiejdsoy Auy
uonentur 0} Jotxd skep gog—1 uonesifeydsoy 10y sasouer

L000 (%¥'1) 0g (%S T€ LS00 (%¥'1) 0€ (%8°0) 19 VN

1S0°0 (%L €€) ¥OL (%T9¢) SSL 60C°0 (%L €€) ¥OL (%6'¢v) ToTe 01<

9000 (%¥'82) €66 (%L'82) 668 011°0 (%¥'82) €66 (%S€€) ThiT 6—¢

6500 (%¥'9¢) 09L (%9°€€) T0L 920 (%¥'9¢) 09L (%8'127) T6ST 70
(s1eak) sajeqerp yim uoneIn

¥00°0 (%L'€0) S617 (%9°€20) To1 €00 (%L '€20) S617 (%¥'T0) €91 VN

€000 (%¥'¥2) 016 (%€¥2) LOS L200 (%¥'¥2) 016 (%9'S7) 8981 o<

110°0 (%€T0) S9r (%820 SLY L00°0 (%€T0) S9r (%0'22) 9091 6¢£1-0¢I

700°0 (%9'60) L19 (%¥'67) €19 0100 (%9'60) L19 (%0°0€) 681¢ oer>
(BHww) 4g o1oIsks

(L80z=1) (L80T=1) (L80z=1) (LoTL=1)
P SIONQIUUI Z1'TOS stoyquyut +ddd p s10)1qIuI 21 TOS sIo)qrqur 4dd

S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuoo) gsjqey

pringer

Qs



543

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

seaIn[Auoy[ns :§ ‘UIULIOJ o

:LAIN $9SeBISIP Je[NOSeAOIPIEd (JAD 9)el UONeN[Y Je[NISWO[3 Pewnsd Y JO? O]V uIqo[Sowaey O] yqH SmI[[ow sajeqeIp [JNJ ainssaid pooiq 44 :9[qedsrdde jou :yN :Snels o1uouod0
-100s :SHS ‘Juapisar juouewrrad arodeSurg YJ ‘uoznm a10de3uls (DS ‘UOTIBIASP PIBPUR]S (IS ‘QOUIYIP PIsIpIepue)s :p ‘7 I9ytodsuen-0o asoon3-wnipos (7 10S i osepndad [Apndadip :$ddq

600°0 (%6'17) 9S¥ (%T'T0) Y91 1200 (%6'17) 9S¥ (%L'T7) 8591 utnsuy
S00°0 (%TY) L8 (%1°%) S8 cero (%TY) L8 (%T'L) LTS 950QIedy
8200 (%$°89) 0Tl (%1°LS) 1611 €e1’o (%$°85) 0Tl (%6'79) 8ELY ns
L9070 (%0°L9) 86€1 (%8°€9) Teel 6110 (%0°L9) 86€1 (%L 9%) 901¢ LA
900°0 (%0°S) ¥01 (%8'%) 101 £90°0 (%0°S) ¥01 (%¥'9) 69% €<
£€0°0 (%1°TP) 6L8 (%S 0v) St8 02T0 (%1°Th) 6L8 (%9'1¢) €0€T 4
6100 (%LT€) 789 (%81€) €99 0€1°0 (%LT€) 89 (%6'8¢) 8£8C 1
$90°0 (%T00) Ter (%670 8LV 0L0°0 (%T00) Tey (%1°€0) L891 SpI0331 ON
s3nIp N [BI0 JO IoquinN
uornentut 0) Jorxd skep gog—1 s3nIp N JO AI0)STY UOTIBIIPIIA
100 (%L'1€) 799 (%€TE) ¥L9 125404 (%L'1€) 799 (%0¥¥) 80TE erwoeprdipadAy
§200 (%¥'1€) 959 (%9'2€) 089 90€°0 (%¥'1€) 959 (%T9%) 0LEE 9seasIp dAIsudIdAH
6100 (%60) 61 (%1°1) €T 9¢1°0 (%60) 61 (%LD) 661 Tooued Auy
0200 (%1°9€) ¥SL (BTLE) YLL 08¢0 (%1°9€) ¥SL (%6'6¥) 8€9¢ dAD Auy
(suonIpuod pIqiow-0d) uoneniur o) Jorid s1eak ¢ ur sasouerq
(L80z=1) (L80z=1) (L80z=1) (LoTL=1)
P SIONQIUUI Z1'TOS stoyquyut +ddd p SIONqQIUUI 21 TOS stoyquuut +ddd
S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuoo) gsjqey

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

544

2100 (%TSD T1S (%9°S1) 9T8 6100 (%TSD T1S (%6°ST) 0LOE VN
6100 (%TH) OF1 (%9°%) €51 00 (%TH) OF1 (%¥°€) 6+9 06<
6100 (%T°09) LT0T (%£°66) S661 9L0°0 (%T°09) LT0T (%5°99) 976°01 68-59
€000 (%%°00) L89 (%5°00) 169 2600 (%%°00) L89 (%E+0) 069 S9>
(SHww) 4g droiserq
8000 (%£°96) S681 (%L°9S) 6061 6000 (%£°96) S681 (%6°SS) S08°01 VN
S00°0 (%0°8) 0LT (%6°L) S9T LSOO (%0°8) 0LT (%5°9) §9T1 01<
€100 (%€ ST (%L€) €Tl 8200 (%€ STT (%6°7) L9S 6-1
110°0 (%TTE) S801 (%L°1€) 8901 1500 (%TTE) S801 (%91€) 8699 Ioows-uoN
(Aep 1od sopare31d Jo Joquinu) Suryouws )3a1e3I)
120°0 (%8°€2) 708 (%8'120) ££8 9200 (%8°€2) 208 (%60 €787 VN
8200 (%STD) LSL (%€12) 81L €€T0 (%STD) LSL (%9°€1) 1€9T 08<
0100 (%S°62) 166 (%0°62) 9L6 €900 (%S°62) 166 (%990 91§ 6L—59
9100 (%T+D) S18 (%6'+0) 8¢8 ¥€20 (%T+D) S18 (%8+€) SEL9 S9>
(swres3o[ry) WYIom
S10°0 (%6'€9) 1S1¢ (%T°€9) 9T1C LETO (%6'€9) 1S1¢ (%€TS) 111°01 VN
7000 (%S€) 911 (%S°€) LT1 S¥0°0 (%S€) 911 (%L 81§ Aprsqns wnwiuI
#10°0 (%6°27) 96 (%97 88 €L0°0 (%67) 96 (%8'1) 8¢€ Ap1sqns awog
1200 (%8°62) 2001 (%L°0€) €01 €870 (%8°62) 2001 (%€ ¢¥) 89¢8 Aprsqns wnwrxepw
k1039380 SHS
6000 (%6°7) 96 (%L 16 S¥0°0 (%6°7) 96 (%T0) STY ad
6000 (%T'L6) 69C€ (%€°L6) ¥LTE S¥0°0 (%T'L6) 69C€ (%6°L6) 07681 N
OUPISAY
8100 (%8°LS) ¥761 (%6°9S) 161 8L0°0 (%8°LS) #1761 (%6°€S) 81+°01 (orew) Iopuan
0€0°0 (%0°1€) TH01 (%9°62) $66 90 (%0°1€) TH01 (%0°€1) 90ST 810¢
9900 (%1°TS) TSLI (%%°5S) €981 SLEO (%1°TS) TSLI (%8°¢€€) LESO L10T
€700 (%9°'T1) T6¢ (%E°01) 9t¢ SLS0 (%9°'T1) 16€ (%0°5€) 99L9 9102
9200 (%%°5) 081 (%8%) 191 800 (%%°S) 081 (%T'81) 97S¢ S10¢C
uonentur Jo Iesx
7000 (%8°19) 180¢ (%0°79) $80C €00 (%8°19) 180C (%€°09) 0S9°T 1 SOUI[d ared Arewtig
7000 (%T'8¢) ¥8¢C1 (%0°8€) 081 €€0°0 (%7°8¢) +¥8T1 (%8°6¢) S89L s[esdsoy
uoneniut Jo wcﬁuom
(%)u (%)u (%)u (%)u
7500 LOTF8LS I'TIF+'8¢ 0090 LOIFSLS CIIFH9 S Fueaw ‘(sreak) o3y
(s9¢e=u) (s9cc=u) (s9cc=u) (see'61=u)
p sI0JIqIyuI Z 1 TDS s101qIqut $ddd p SI0MqIYuI 71 TOS sI03IqIqut $ddd
$1I0U0D PAYdIeIN $1I040d payojewrun) SO[qQRLIBA

Kyroruy)e asaury)) jo sjuarjed ur uonenIuT 1)Je sKep G9¢—] 6 PAINSEIW SAWO0IINO J0J SUTYDIRW S J9JJ8 PUE JI0Jaq S}IOY0D JUSWIBAI} OM] UT SONSLIJOBIRYD dulaseq Jo uostredwo)) 6 3jqel

pringer

Qs



545

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

£00°0 (%1°99) €7CC (%T'99) 62TT 9¢1°0 (%1°99) €TCC (%S°6S) 10S°TT VN

LT00 (B1°LD) YLS (%1'91) €56 €210 (%1°L) ¥LS (%L°T1) 9S¥T 06<

€100 (%D vIv (%L°T1) 8TY 1100 %eTh viv (%L°TT) 8¥¥T 6809

1000 (%9%) ¥S1 (%9%) SS1 09€°0 (%9%) ¥ST (%T'SD) 0£6T 09>
(Aug, 7 /urwy ur) Y00

¥10°0 (%$°67) 166 (%1°0¢) 2101 9€0°0 (%$°62) 166 (%8°LT) T8ES VN

9200 (%0°T0) 7L (%0'12) SOL 6500 (%0T0) T¥L (%S0 OvLY 6<

¥10°0 (%S°LE) T9T1 (%T'8¢) S8CI SH0°0 (%S°LE) T9T1 (%L°6E) LLIL 6'8-L

800°0 (%0°11) TLE (%8°01) €9¢ 901°0 (%0°11) 1LE (%6°L) 9¢S1 L>
(%) 21VaH

S10°0 (%9°0) 0T (%L0) T 960°0 (%9°0) 0T (%9°'T) 90 J199[n 004

S10°0 (%1°€D) Thh (%9°€1) 65t 65€°0 (%1°€D) Thb (%€°LT) L8TS 9OUEISISAI UI[NSU]

9200 (%01 €¢ (%L°0) ST LETO (%0°1) €¢ (%0°6) $96 erwoeoK[SodAH

6200 (%8°¢) 8C1 (%Yb) L¥1 1ST°0 (%8°¢) 8C1 (%1°01) 8S61 [o1u0d 1004

£00°0 (%5°0) 81 (%9°0) 61 STIo (%5°0) 81 (%6'1)99¢  Ayredor3ue [exoydLnd

0100 (%€°0) 01 (%t°0) 1 0z1°0 (%€°0) 01 (%¥'1) 1LT Aygredoman

€000 (%S € 611 (%9°¢) 121 9100 (%S°¢) 611 (%S'¥) 198 Ayredounoy

suon

0100 (%0) 6L (BT YL 98¢0 (%t0) 6L (%TTl) 65¢T  -eondwod ASupry-INd

ST0°0 (%L°LT) ¥6S (%9°81) LT9 6£€°0 (%L°LY) ¥6S (%1°2€) 9029 uonesiejdsoy Auy
uonentur 0} Jotxd skep gog—1 uonesifeydsoy 10y sasouer

7000 (%L 16 (%L0) 06 8600 (%L 16 (%€°1) LST VN

6£0°0 (%9°0%) S9¢€1 (%S°Th) 0Ep 1 8600 (%9°0%) S9¢€1 (%t'S¥) 6LL8 01<

W00 (%T'62) €86 (%€°L2) 616 [48%0] (%T'67) €86 (%t'1€) $599 6-S

0 (%$°LT) 976 (%$°LT) 96 LOT0 (%$°L2) 96 (%6°81) S¥9¢ 0
(s1eak) sajeqerp yim uoneIn

7100 (%TSD) 118 (%9°S1) 9t¢ 6100 (%TSD) 118 (%6°ST) 0LOE VN

7100 (%8+0) €8 (%€+0) 818 W00 (%8+0) €8 (%L°92) TSTS orI<

€000 (%£°92) 88 (%T°92) 088 8500 (%£°92) 88 (%8°€2) 865¥ 6£1-0¢T

#00°0 (%BL€E) ¥ETT (%6°€€) THI1 0 (%L€E) ¥ETT (%L°€€) S1S9 ocr>
(SHww) 4g o110IsAg

(soce=1u) (soce=1u) (soce=1u) (seg6r=1u)
p SI0)qQIUUI 71 TS SI0NQIUUI $dd p SI0IqIyuI 71 IOS s103IqIyuI $ddd

$1I0U0D PAYdIeN $1I0Y0d paydjewrup) SO[QRLIBA

(ponunuoo) 6 3jqey

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

546

seaIn[Auoy[ns :§ ‘UIULIOJ o

:LAIN $9SBISIpP Je[nOSeAOIPIEd (JAD 9Jel UONeN[Y Je[NISWO[S Pewnsd Y JO? O]V uIqo[Sowaey O] yqH SmI[[ow sajeqeIp [JNJ ainssaid pooiq 4 :9[qedsrdde jou :yN :sSnels o1uouod0
-100s :SHS ‘Juapisar juouewnrad arodeSurg Y ‘uoznm a10de3ulsS (DS ‘UOTIBIASIP PIBPUR]S (IS ‘QOUIYIP PIsIpIepue)s :p ‘7 Iaytodsuen-0o asoon3-wnipos (7 10S i osepndad [Apndadip :$ddq

€200 (%6'€0) ¥08 (%6'C0) TLL 121°0 (%6'€0) Y08 (%6'81) 799¢ utnsuy
910°0 (%¥'S) 081 (%L'S) T61 SC1°0 (%¥'S) 081 (%¥'6) ST81 950qIedy
1100 (%$°09) §€0T (%0°'19) ¥S0T ¢61°0 (%$°09) 5£0T (%9'69) €SH°CT ns
9¢€0°0 (%T'S9) €61C (%S$€9) S€1C 08¢0 (%T'S9) €61C (%99%) L106 LA
8100 (%1'9) 90T (%9'9) 12T 760°0 (%1'9) 90T (%9'8) 8591 €<
L000 (%9'8€) 00€T (%£°8¢€) 681 891°0 (%9°8€) 00€T (%L'0€) 9268 4
Se0’0 (%8'8€) SOET (%1°LE) LYTT 0500 (%8'8€) SOET (%T1¥) TL6L I
£70°0 (%S91) ¥5¢ (%1°81) 809 0800 (%S91) ¥5¢ (%S°61) 6LLE SpI0331 ON
s3nIp N [BI0 JO IoquinN
uornentut 0) Jorxd skep gog—1 s3nIp N JO AI0)STY UOTIBIIPIIA
0200 (%8'C7) 89L (%L'€T) 96L 9LT0 (%870 89L (%T'SE) 1189 erwoeprdipadAy
1200 (%670 LES (%850 L98 S0€0 (%670) LES (%6°8€) STSL  9seasip aaIsua)adAy
0 (%8°1) 09 (%8°1) 09 060°0 (%8°1) 09 (%7€ 19 Tooued Auy
1200 (%9'60) L66 (%9°0¢) 6201 €LT0 (%9'627) L66 (%92 0¥C8 dAD Auy
(suonIpuod pIqiow-0d) uoneniur o) Jorid s1eak ¢ ur sasouerq
(S9ce=1) (S9ce=1) (S9ce=1) (sec'61=1)
P SIONQIUUI Z1'TOS stoyquyut +ddd p SIONqQIUUI 21 TOS stoyquuut +ddd
S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuoo) 6 3jqey

pringer

Qs



547

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

1200 (%¥'91) 8¥1 (%9°S1) 1¥1 ¥20°0 (%¥91) 8+1 (%£°ST) 6£9 VN
110°0 (%¥'y) OF (%T¥) 8¢ €0°0 (%¥'y) OF (%9°¢) 051 06<
S00°0 (%L'8S) 1€6 (%6'8S) €€6 0 (%L'8S) 1€6 (%L'8S) TSHT 68-S9
6100 (%9°02) 981 (%€'120) €61 6€0°0 (%9°02) 981 (%S0 0v6 9>
(BHww) 4g d1[oIserq
6200 (%9°¥S) v61 (%T€S) 181 L9070 (%9°¥S) v61 (%$°09) T11T VN
¥€0°0 (%1°9) 9% (%6°S) €S €100 (%1°9) 9% (%¥'S) LTT 01<
910°0 (%8'1) € (%Yv) ov €200 (%81) € (BT ¥LI 6~1
120°0 (%9°5¢) Tee (%99¢) 1€¢€ €L0°0 (%9°5¢) TTe (%6°6€) 8991 Joyouws-uoN
(Aep 1od sopare31d Jo Joquinu) Suryouwrs )3a1e31)
910°0 (%6'€2) 91¢ (%T€0) 01C £00°0 (%6°€0) 91T (%0°¥2) S001 VN
S10°0 (%6'S0) ¥€T (%$920) 0vC LT1°0 (%6°'S0) ¥€T (%¥'61) 608 08<
[440X0) (%0°82) £5¢C (%0°L2) ¥¥T 6100 (%0°82) £5¢ (%0°62) TITI 6L—59
+20°0 (%£T0) 70T (%E€D 11T c01°0 (%€720) 20T (%9'L7) SSTT S9>
(swres3o[ry) WYIom
6000 (%0729) 196 (%9°19) LSS G81°0 (%0°29) 196 (%6°0S) 6T1¢ VN
6€0°0 (%£°¢) 0 (%L ¥ 0900 (%€¢) 0g (%10 88 Ap1sqns wnwrury
§200 (%BL€) €€ (%T¢) 6T 600 (%L€) €€ (%5°0) v01 Ap1sqns awog
£€0°0 (%1'1€) 18¢C (%972¢) S6¢C 1€C°0 (%1°1¢) 18¢C (%S ¥¥) 0981 Aprsqns wnwixepw
k10393180 SHS
820°0 (%9°'8) 8L (%6'L) 1L 820°0 (%9°8) 8L (%L'L) 1TE Ad
8200 (%t'16) LT8 (%T'T6) ¥£8 8200 (%¥°16) LT8 (%€£T6) 098¢ oS
QOUPISIY
2000 (%€TS) €LY (%¥TS) vLY 8¢0°0 (%€TS) €LY (%0°05) 060T (orew) 19pUSD
6L0°0 (%T'€€) 00€ (%$°62) L9T (4840 (%T°€€) 00€ (%0°T1) £0S 810C
€Iro (%6'SP) ST+ (%S°15) 99+ o (%6'SP) ST+ (%L'T€) L9ET L10T
1S0°0 (%621 L11 (%€T1) 201 L6Y°0 (%61 L11 (%L'LE) SLST 910¢C
€100 (%1°8) €L (%L°L) 0L €¥T0 (%1'8) €L (%9°L1) 9¢L Sroc
uonenIul Jo IBox
1100 (%1°5S) 661 (%L°SS) ¥0S 9200 (%1°5S) 661 (%L'99) TLET SO ared Arewtig
1100 (%6'¥1) 901 (%€ 1OV 9200 (%671) 901 (%€ €y 0181 s[edsoy
uonenIur jJo Junes
(%)u (%)u (p)u (p)u
980°0 Y6FTSS 0'0IF09¢S LLY'0 Y'6FTSS 6'01F009  (SFueaw ‘(s1eaf) o3y
(So6=u) (S06=u) (S06=u) (1817 =1)
p SIONqIUI Z171OS sioyquyut yddd p s10)IqIuul 71 TOS stonquyut yddd
$110Y00 PaYdIRIA S1I0Y0J paydjewiun) S9[qeLIBA

Kyroruy)e uerpuy jo syuaned Ul UOTENIUT I3)Je SKBP GOE—] 6 PAINSBAW SAWOI)NO 0§ Suryojewr §4 I9)je PU. 210§0q S)IOYOD JUSWILI) 0M) UT SONSLISJORIRYD duIfaseq jo uostiedwio) (| ajqer

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

548

0€0°0 (%€'€9) €LS (%6'19) 09 Se1o (%€€9) €LS (%€'69) 01¢€T VN

L€O0 (%L'12) 961 (%T'€0) 01¢ L000 (%L'12) 961 (%€12) 68 06<

710°0 (%0'21) 601 (%STD €11 100 (%0°21) 601 (%ST1) €28 6809

7€0°0 (%09 LT (%¥0) TT cLTo (%0°¢) LT (%6°01) 95+ 09>
(Qug L T /urwyur) Y990

100 (%€TE) T6T (%L1€) L8C 610°0 (%€ T6T (%$°60) v€TI VN

8600 (%€ 07T (%690 €¥C ¥01°0 (%E+0) 07T (%6°'62) 0STI 6<

1200 (%L'TE) L8T (%L0€) 8LT 160°0 (%L'T€) L8T (%9v) Ly¥1 6'8-L

1€0°0 (%L°11) 901 (%L01) L6 910 (%L'TT) 901 (%0'9) 05T L>
(%) °1V9H

1200 (%1101 %eD Tl +80°0 (%1101 (%¥'7) 001 199[n J004

€000 (%$°81) L91 (%9°81) 891 90C°0 (%$°81) L91 (%6'87) 80CT QdUuB)SISAT UInsup

1£0°0 (%61 LT %D 1T €S1°0 (%61 LT (%T9) 91T eruoeoA[SodAH

200 (%8°6) 68 (%$°01) 6 Sero (%8°6) 68 (%L'%1) 919 [013U0Y 1004

L20°0 »e 1Tl (%L 1) ST 6800 %e1D Tl (%87) 811  AypedorSue [esoydrieg

0100 %TD 11 (e Tl €00 »BTD 11 (%L1 TL AyyedoinaN

9100 (%9v) T¥ (%EY) 6€ T€0°0 (%9v) Tv (%S°6) 62T Ayyedounoy

suon

8100 (%¥©) 1€ (%8°¢) ¥€ w0 (%¥'©) 1€ (%9°01) Thy  -eordwod Asupy-INa

LEO0 (%6'92) £v¢C (%S$'87) 8ST ILT°0 (%6'97) €vC (%¥9¢) TTst uonesiejdsoy Auy
uonentur 0} Jotxd skep gog—1 uonesifeydsoy 10y sasouer

0 (%S0 €T (%S0 €T 890°0 (%S €T %Y1 LS VN

1L0°0 (%€ SP) 01+ (%8'8%) Tirv 000 (%€SP) 01% (%€'8%) 120T 01<

L2070 (%0°82) £S¢ (%L'92) v 601°0 (%0°82) £S¢ (CARZIR 744! 6—¢

600 (%T¥2) 61¢ (%6'12) 861 191°0 (%T¥2) 61¢ (%T91) 6L9 70
(s1eak) sajeqerp yim uoneIn

1200 (%¥'91) 8%1 (%9°ST) T¥1 ¥20°0 (%¥91) 8%1 (%€°ST) 6£9 VN

0100 (%¥'€0) T1T (%6'€7) 91¢ 0€0'0 (%¥'€0) TIT (%0°ST) #1701 o<

9200 (%T€0) 01T (%122 00T ¥00°0 (%T'€0) 01¢ (%¥'€0) 6L6 6¢£1-0¢I

0€0°0 (%0'LE) SE€ (%S°8¢€) 8¥¢ 100 (%0'LE) SE€ (%€9¢) 616T oer>
(BHww) 4g o1oIsks

(S06=1) (S06=1) (S06=1) (as1y=u
p SIONQIUUI Z17TOS stoquyut +ddd p s10)1qIuI 21 TOS sIo)qrqur 4dd

S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuod) oL 3|qer

pringer

Qs



549

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

'SBOINJAUOIINS NS UTULIOOW
:LAIN $9SeBISIP Je[NOSeAOIPIEd (JAD 9)el UONeN[Y Je[NISWO[3 Pewnsd Y JO? O]V uIqo[Sowaey O] yqH SmI[[ow sajeqeIp [JNJ ainssaid pooiq 44 :9[qedsrdde jou :yN :Snels o1uouod0
-100s :SHS ‘Juapisar juouewrrad arodeSurg YJ ‘uoznm a10de3uls (DS ‘UOTIBIASP PIBPUR]S (IS ‘QOUIYIP PIsIpIepue)s :p ‘7 I9ytodsuen-0o asoon3-wnipos (7 10S i osepndad [Apndadip :$ddq

¥€0°0 (%6'60) 1LT (%¥'80) LST 011°0 (%6'60) 1LT (%0'¥2) 2001 utnsuy
0€0°0 (%S9) 65 (%€°L) 99 600 (%5°9) 6S (%€'8) S¥E 950QIedy
860°0 (%¥'¥S) Tov (%T'65) 9€S L¥T0 (%¥'¥S) Tov (%0°69) £88¢ ns
€00 (%0°€9) 0LS (%¥'19) 9SS 16C°0 (%0°€9) 0LS (%9°S¥) 9061 LA
1€0°0 (%7'9) 9§ (%0°L) €9 [450X0) (%79 9§ (%8'L) 9T€ €<
910°0 (%€¥€) 01€ (%$9¢) 0g€ 1800 (%€¥E) 01€ (%9'60) 6€T1 4
500 (%6'6£) 19¢ (%¥'LE) 8¢€€ £¥0°0 (%6'6£) 19¢ (%STP) 9LLT I
1100 (%L'61) 8LT (%T61) ¥LI 6000 (%L'61) 8LT (%1°00) 0v8 SpI0331 ON
s3nIp N [BI0 JO IoquinN
uornentut 0) Jorxd skep gog—1 s3nIp N JO AI0)STY UOTIBIIPIIA
600°0 (%9T€) S6T (%0°€€) 66T L11°0 (%9T€) S6T (%¥'6£) 8¥91 erwoeprdipadAy
600°0 (%S'1¢€) S8 (%1°1€) 182 LST0 (%S°1€) $8¢C (%9°0%) 9691 9seasIp dAIsudIdAH
0 (%1D o1 (%1D o1 €700 (%1°D 01 (%L1 IL Tooued Auy
0€0°0 (%¥'9¢) 62¢ (%6'¥€) 91¢€ 910 (%¥'9¢) 62¢ (%0°S¥) 7881 dAD Auy
(suonIpuod pIqiow-0d) uoneniur o) Jorid s1eak ¢ ur sasouerq
(S06=1) (S06=1) (S06=1) (as1y=u
p SIONQIUUI Z17TOS stoquyut +ddd p SIONqQIUUI 21 TOS stoyquuut +ddd
S1I0Y00 PaYdIRIN S1I0Y00 payojewiun) S9[qeLIBA

(ponunuod) oL 3|qer

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

550

0500 (%TED) 86 (%671 111 $60°0 (%TED) 86 (%S$91) 119 VN
1¥0°0 (%9°¢) LT (%¥¥) €€ 120°0 (%99 LT (%0'%) ¥91 06<
¥¥0°0 (%S€9) €LY (%€19) LSY 680°0 (%S°€9) €LY (%T°6S) SovT 68-S9
0100 (%BL61) LY1 (%E61) P11 100 BL61) LY1 (%€00) ST8 9>
(SHww) 4g d1oIserq
€100 (%1°19) 18¢ (%8'15) 98¢ L6070 (%1°19) 18¢ (%099) sLTT VN
0€0°0 (%1°11) €8 (%T01) 9L SC1°0 (%1°11) €8 (%L9) €LT 01<
900°0 (%BY¥) €€ (%EP) T L10°0 (%BY'¥) €€ (%1°%) 991 6~1
800°0 (%£°€€) 8%C (%L€€) 15T 1000 (%€°€€) 8%¢C (%T€e) 16€1 Joyows-uoN
(Aep 1od sopare31d Jo Joquinu) Suryowrs A)3a1e3I)
L9070 (%L12) 291 (%9t €81 L6070 (%L12) 291 (%6°'S2) TSO1 VN
£90°0 (%¥'€€) 61T (%S°0¢€) LTt 61C0 (%1°€€) 6¥C (%9°€2) 656 08<
100 (%160 L1T (%9'80) €1¢ L2000 (%1°60) L1T (%6'L7) SETT 6L—S9
6100 (%L'ST) L1T (%%91) 7Tl 9L1°0 (%L'ST) L1T (%9C20) 616 9>
(swres3o[ry) WYIoM
800°0 (%¥'19) €8¢ (%8°15) 98¢ IS1°0 (%1°16) €8¢ (%6°¢¥) ¥8LI VN
6100 (%6'D ¥1 (%T2) 91 100 (%6'1) ¥1 (%L'1) 69 Aprsqns wnwiury
L10°0 (%90 61 (%80 1T 1000 (%90 61 (%90 01 Aprsqns dwog
6100 (%T¥Y) 62¢ %Tey) Tee Ssro (%T¥Y) 62¢ (%6'TS) 801¢ Aprsqns wnwixepw
K1039180 SHS
0£0°0 (%91 T1 (%00 S1 890°0 (%91 Tl (%97 501 Ad
0€0°0 (%¥°86) £€L (%0'86) 0£L 890°0 (%¥'86) €€L (%¥'L6) 096€ oS
QOUPISIY
1100 (%¥'St) 8¢¢ (%8'7¥) vee 600°0 (%¥'SP) 8¢¢ (%8°S¥) 7981 (orew) Iopuan
680°0 (%6'7£) 09T (%L0¢) 62¢ LSS0 (%6'7£) 09T (%1°21) €6% 810C
01°0 (%6'6Y) TLE (%0°5S) 01+ 01€0 (%6'6%) TLE (%8%¢) ¥1¥1 L10C
¥00°0 (%6°01) 18 (%L01) 08 +#09°0 (%6'01) 18 (%T'S¢) TevT 910¢C
00 (%EY) T€ (%5°€) 9t 0 (%E¥) e (%6'L1) 9CL Sroc
uonenIul Jo Ieox
€900 (%L'19) 091 (%L'8S) LEY 8500 (%L'19) 091 (%6'8S) S6£T SOIUI[O dIed Arewliq
£€90°0 (%€£'8¢) 8¢ (%€'T¥) 80¢ 8500 (%£'8¢) $8¢C (%T'TH) 0L9T s[edsoy
uonenIul Jo Jurnjes
(%)u (%)u (p)u (p)u
1€0°0 06F61S I'OT+T¢S 02s0 06F61S $OIF6'6S  (SFueaw ‘(s1eak) o8y
(SyL=1) (SyL=u) (SyL=u) (5907 =1)
p SIONqIUI 217 TOS sioyquyut yddd p sI0)IqIuuI 71 TOS stonquyut yddd
$110Y00 PAYIIRIA $110Y00 paydjewiun) S9[qeLIBA

Kyoruy)e Kepejy jo syuened ur uoneniur 10)je sep Gog—1 6 POINSEIW SAWO0IINO IO SUTYOIRW S J0}JB PUB AI0Joq S}IOYOD JUIWIILAI} OM] UT SONSLIOJORIRYD duI[aseq Jo uostredwo)) || djqel

pringer

Qs



551

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

€000 (%L°19) 09t (%9°19) 65t 1200 (%L°19) 09t (%L°09) 89t7C VN

¥10°0 (%°81) LET (%6°LT) €€1 L9T1°0 (%%°81) LET (%%°C1) €08 06<

ST0°0 (%T91) 121 (%TL1) 8T1 091°0 (%T91) 121 (%8°01) 6£1 6809

7100 (%9°¢) LT (%t°¢) ST 8TF0 (%9°¢) LT (%1°91) $59 09>
(Aug, 7 /urwy ur) Y00

LY00 (%1°82) 60T (%T0¢) STT €700 (%1°82) 60¢C (%0°0¢) 0TTI VN

1200 (%8'LT) LOT (%692) 00T ¥20°0 (%8'L7) LOT (%6°80) ¥LI1 6<

7100 (%L°1€) 9€T (%1°1€) T€T €500 (%L°1€) 9€T (%THE) 06€1 6'8-L

1200 (%$°T1) €6 (%8°11) 88 681°0 (%$°T1) €6 (%6'9) 182 L>
(%) 21VaH

1200 (%9°1) Tl %61 ¥1 S01°0 (%91 TI (%Te) 1€1 J199[n 004

€€0°0 (%L°0T) ¥S1 (%072 ¥91 €570 (%L°0T) ¥S1 (%L°1€) 88TI 9OUEISISAI UI[NSU]

6000 (%00 S1 (%61 v1 897°0 (%00 S1 (%LL) Y1€ erwoedA[sodAH

L20°0 (%6°6) ¥L (%L°0T) 08 T61°0 (%6°6) vL (%1'91) 999 [o1u0d 1004

1500 (CARON! 0 ¥TT0 CARON (%80 v11  AypedorSue [esoydrieg

€100 %1°1) 8 »T1) 6 LEOO (%1°1) 8 (%S$1) 09 Aygredoman

€200 (%¥'¢) ST (%0°¢) 7T 911°0 (%¥'¢) ST (%8°6) s€T Ayredounoy

suon

6000 (%87 1T (%L 0T SSH0 (%87 1¢C (%L°61) 8¢9 -eordwod Asupy-INQ

S¥0°0 (%L'97) 661 (%L°82) ¥1T Y0 (%L°92) 661 (%0°8€) ST uonesiejdsoy Auy
uonentur 0} Jotxd skep gog—1 uonesifeydsoy 10y sasouer

0£0°0 (%70 91 (LT €1 8110 (%70 91 (%L°0) 0€ VN

1100 (%9'9¢) €LT (%T'LE) LLT 760°0 (%9'9¢) €LT (%T'1¥) 9L91 01

9¢0°0 (%8°LT) L0T (%162 612 9120 (%8°LT) L0T (%6°LE) O¥ST 6-S

LEOO (%1°€€) 6¥C (%L°1€) 9¢C €0€°0 (%1°€€) 6¥C (%T°00) 618 0
(s1eak) sajeqerp yim uoneIn

0500 (%TED) 86 (%6+1) 111 S60°0 (%T€1) 86 (%$°91) 1L9 VN

7100 (%1°60) L1T (%L°60) 17T €€0°0 (%1°60) L1T (%L LD vTIT orI<

6000 (%9°€0) 9L1 (%T€0) €L1 9200 (%9°€0) 9L1 (%8°+%2) 9001 6€£1-0€1

000 (%1°¥€) ¥ST (%TTE) 0¥ 900 (%1°¥€) ¥5T (%1°1€) v9TI ocr>
(SHww) 4g o110IsAg

(SpL=u) (SpL=u) (SpL=1u) (90 =1u)
p SI0)qQIUUI 71 TS SI0NQIUUI $dd p SI0IqIyuI 71 IOS s103IqIyuI $ddd

$1I0U0D PAYdIeN $1I0Y0d paydjewrup) SO[QRLIBA

(ponupuod) || 3jqe]

pringer

a's



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

552

SeaIn[AUO)NS :()§ ‘UTULIOJ)oW
(LN $9SeBISIP Je[NOSeAOIPIEd (JAD 9)el UoneN[y Je[NIWO[3 pewnsd Y JO? O]V uIqo[Sowsey 0] yqH SmI[[ow sajeqeIp [JNJ ainssaid pooiq 44 :9[qesrdde jou :yN :Smels o1uouod0
-100s :SHS ‘Juapisar juouewrrad arodeSurg YJ ‘uoznm a10de3uls ;DS ‘UOTIBIASP PIBPUR]S (IS ‘QOUIYIP PIsIpIepue)s :p ‘7 I9y1odsuen-0o asoon3-wnipos (7 10S ‘f osepndad [Apndadip :$ddq

§e00 (%9'+2) €81 (B1°€0) TLL w00 (%9v0) €81 (%870 ST6 utnsuy
6200 (%¥°S) OF (%0'9) S¥ SS1'o (%1°9) O (%1°6) T8€ 9s0qIesy
§20°0 (%9°29) 99% (%8°€9) SLY 891°0 (%9°29) 9% (%¥°0L) €98C ns
8L0°0 (%T'99) €61 (%1'279) S9¥ §Te0 (%T'99) €6v (%€°05) 9¥0T LN
0 (%1'9) 8t (%1'9) 8t 980°0 (%1'9) 8 (BL'8) ¥SE €<
0 (%8°0%) ¥0€ (%8°0v) v0€ LETO (%8°0v) v0€ (%TYE) 68€1 C
6£0°0 (%199 1LT (%SvE) LST 1700 (%199 1LT (%¥°8€) 09S1 I
000 (%¥91) TT1 (%£°81) 9¢1 900 (%¥'91) TT1 (%8'81) T9L SpI05a1 ON
s3nIp N [BI0 JO IoquinN
uornentut 0) Jorxd skep gog—1 s3nIp N JO AI0)STY UOTIBIIPIIA
€00°0 (%¥TE) 17T (%STE) e 870 (%¥TE) 1#C (%¥'€P) TLT erwoeprdiprodAy
0200 (%€°€€) 87T (%T¥E) SST 0vco (%€°€€) 8¥T (%6'v¥) 9281 oseasIp oAlsud)IodAH
9100 (%809 (%BLO) S 9210 (%809 (%0 L6 1ooued Kuy
§200 (%8'9¢) vLT (%0°8€) €8¢ 9¢T0 (%89¢) ¥LT (%1'8%) L961 dAD Auy
(suonIpuod pIqiow-0d) uoneniur o) Jorid s1eak ¢ ur sasouerq
(SyL=w (SrL=w (SpL=w) (S9or=u)
P SIONQIUUI 21 TDS stonquuut yddd P SIONQIUUI Z17TDS stonquuut yddd
110400 PAYIeI S110100 payojewu) SOIqQELIBA

(ponupuod) || 3jqe]

pringer

Qs



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

553

Abbreviations HbAlc: haemoglobin Alc; eGFR: estimated glo-
merular filtration rate; BP: blood pressure; SGLT2: sodium-glucose
co-transporter 2; DPP4: dipeptidyl peptidase 4; MET: metformin;
SU: sulfonylureas; T2DM: type 2 diabetes mellitus; TIDM: type 1
diabetes mellitus; DM: diabetes mellitus; CKD: chronic kidney disease;
DKA: diabetic ketoacidosis; CVD: cardiovascular disease; HF: heart
failure; UTI: urinary tract infection; SC: Singapore citizen; PR: Sin-
gapore permanent resident; SES: socioeconomic status; MOH: Min-
istry of Health, Singapore; ICD-10 AM: International Classification
of Diseases, Tenth Revision Australian Modification; RR: risk ratio;
CI: confidence interval; PS: propensity score; d: standardised dif-
ference; SD: standard deviation; MD: mean difference; HR: hazard
ratio; OR: odds ratio; RCTs: randomised controlled trials; CVD-
REAL: Comparative Effectiveness of Cardiovascular Outcomes in
New Users of Sodium-Glucose Cotransporter-2 Inhibitors; CAN-
VAS: Canagliflozin Cardiovascular Assessment Study; EMPA-REG
OUTCOME: Empagliflozin Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients—Removing Excess Glucose;
UK: United Kingdom; US: United States; NA: not applicable

Authors’ contributions All authors contributed to the conception,
design of the study, interpretation of data, and read and approved the
final manuscript. LGHG and JS analysed the data.

Data availability Data will not be publicly shared but is available on
reasonable request and if legal implications are fulfilled.

Declarations

Ethics approval and consent to participate Ethics approval was not
required as the intent of this study was to assess the effect of SGLT2
inhibitors on clinical outcomes for the purpose of improving routine
clinical care.

Consent for publication Not applicable.

Competing interests The authors declare that they have no competing
interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Zimmet PZ, Magliano DJ, Herman WH, Shaw JE. Diabetes: a 21st
century challenge. Lancet Diabetes Endocrinol. 2014;2(1):56-64.

2. International Diabetes Federation. IDF Diabetes Atlas, 9th edition.
2019.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Phan TP, Alkema L, Tai ES, Tan KHX, Yang Q, Lim W-Y, et al.
Forecasting the burden of type 2 diabetes in Singapore using a
demographic epidemiological model of Singapore. BMJ Open
Diabetes Res Care. 2014;2:¢000012.

World Health Organization. Global report on diabetes. 2016.
Schirr-Bonnans S, Costa N, Derumeaux-Burel H, Bos J, Lep-
age B, Garnault V, et al. Cost of diabetic eye, renal and foot
complications: a methodological review. Eur J Health Econ.
2017;18(3):293-312.

Stetson B, Minges KE, Richardson CR. New directions for diabe-
tes prevention and management in behavioral medicine. J Behav
Med. 2017;40:127-44.

Yeung RO, Zhang Y, Luk A, Yang W, Sobrepena L, Yoon KH,
et al. Metabolic profiles and treatment gaps in young-onset type
2 diabetes in Asia (the JADE programme): a cross-sectional
study of a prospective cohort. Lancet Diabetes Endocrinol.
2014;2(12):935-43.

Ali MK, Bullard KM, Saaddine JB, Cowie CC, Imperatore G,
Gregg EW. Achievement of goals in U.S. diabetes care, 1999—
2010. N Engl J Med. 2013;368:1613-24.

Chaudhury A, Duvoor C, Reddy Dendi VS, Kraleti S, Chada A,
Ravilla R, et al. Clinical review of antidiabetic drugs: implica-
tions for type 2 diabetes mellitus management. Front Endocrinol.
2017;8(6).

Agency for Care Effectiveness, Ministry of Health. Oral glucose-
lowering agents in type 2 diabetes mellitus - an update Singapore.
2017. Available from: https://www.ace-hta.gov.sg/docs/default-
source/acgs/oral-glucose-lowering-agents-in-t2dm-(updated-on-3-
august-2017).pdf?sfvrsn=d0ebaca0_2. Accessed 14 Apr 2021.
Kahn SE, Haffner SM, Heise MA, Herman WH, Holman RR,
Jones NP, et al. Glycemic durability of rosiglitazone, metformin,
or glyburide monotherapy. N Engl J Med. 2006;355:2427-43.
Shao S-C, Chang K-C, Lin S-J, Chien R-N, Hung M-J, Chan Y-Y,
et al. Favourable pleiotropic effects of sodium glucose cotrans-
porter 2 inhibitors: head-to-head comparisons with dipeptidyl
peptidase-4 inhibitors in type 2 diabetes patients. Cardiovasc
Diabetol. 2020;19(17):1-11.

Kim Y-G, Jeon JY, Han SJ, Kim DJ, Lee K-W, Kim HJ. Sodium-
glucose co-transporter-2 inhibitors and the risk of ketoacidosis in
patients with type 2 diabetes mellitus: a nationwide population-
based cohort study. Diabetes Obes Metab. 2018;20:1852-8.
Scheen AJ. Pharmacokinetics and clinical use of incretin-based
therapies in patients with chronic kidney disease and type 2 dia-
betes. Clin Pharmacokinet. 2015;54(1):1-21.

Scheen AJ. Pharmacokinetics, pharmacodynamics and clinical use
of SGLT2 inhibitors in patients with type 2 diabetes mellitus and
chronic kidney disease. Clin Pharmacokinet. 2015;54(7):691-708.
Scheen AJ. Pharmacodynamics, efficacy and safety of sodium-
glucose co-transporter type 2 (SGLT?2) inhibitors for the treatment
of type 2 diabetes mellitus. Drugs. 2015;75:33-59.

Agency for Care Effectiveness, Ministry of Health. Sodium-glu-
cose co-transporter 2 (SGLT?2) inhibitors for treating type 2 diabe-
tes mellitus - technology guidance from the MOH Drug Advisory
Committee Singapore. 2021. Available from: https://www.ace-hta.
gov.sg/docs/default-source/drug-guidances/sodium-glucose-co-
transporter-2-(sglt2)-inhibitors-for-treating-type-2-diabetes-melli
tus-(updated-1-sept-2020).pdf?sfvrsn=694a3265_2. Accessed 15
Apr 2021.

Shao YL, Yee KH, Koh SK, Wong YF, Yeoh LY, Low S, et al.
Short-term outcomes of patients with type 2 diabetes mellitus
treated with canagliflozin compared with sitagliptin in a real-
world setting. Singap Med J. 2018;59(5):251-6.

. Ismail IS, Nazaimoon WM, Mohamad WB, Letchuman R, Sin-

garaveloo M, Pendek R, et al. Sociodemographic determinants of
glycaemic control in young diabetic patients in peninsular Malay-
sia. Diabetes Res Clin Pract. 2000;47(1):57-69.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://www.ace-hta.gov.sg/docs/default-source/acgs/oral-glucose-lowering-agents-in-t2dm-(updated-on-3-august-2017).pdf?sfvrsn=d0e6aca0_2
https://www.ace-hta.gov.sg/docs/default-source/acgs/oral-glucose-lowering-agents-in-t2dm-(updated-on-3-august-2017).pdf?sfvrsn=d0e6aca0_2
https://www.ace-hta.gov.sg/docs/default-source/acgs/oral-glucose-lowering-agents-in-t2dm-(updated-on-3-august-2017).pdf?sfvrsn=d0e6aca0_2
https://www.ace-hta.gov.sg/docs/default-source/drug-guidances/sodium-glucose-co-transporter-2-(sglt2)-inhibitors-for-treating-type-2-diabetes-mellitus-(updated-1-sept-2020).pdf?sfvrsn=694a3265_2
https://www.ace-hta.gov.sg/docs/default-source/drug-guidances/sodium-glucose-co-transporter-2-(sglt2)-inhibitors-for-treating-type-2-diabetes-mellitus-(updated-1-sept-2020).pdf?sfvrsn=694a3265_2
https://www.ace-hta.gov.sg/docs/default-source/drug-guidances/sodium-glucose-co-transporter-2-(sglt2)-inhibitors-for-treating-type-2-diabetes-mellitus-(updated-1-sept-2020).pdf?sfvrsn=694a3265_2
https://www.ace-hta.gov.sg/docs/default-source/drug-guidances/sodium-glucose-co-transporter-2-(sglt2)-inhibitors-for-treating-type-2-diabetes-mellitus-(updated-1-sept-2020).pdf?sfvrsn=694a3265_2

554

Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Huo L, Harding JL, Peeters A, Shaw JE, Magliano DJ. Life
expectancy of type 1 diabetic patients during 1997-2010: a
national Australian registry-based cohort study. Diabetologia.
2016;59:1177-85.

Menke A, Orchard TJ, Imperatore G, Bullard KM, Mayer-Davis E,
Cowie CC. The prevalence of type 1 diabetes in the United States.
Epidemiology. 2013;24(5):773—-4.

Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-score
matched samples. Stat Med. 2009;28:3083-107.

Normand S-LT, Landrum MB, Guadagnoli E, Ayanian JZ, Ryan
TJ, Cleary PD, et al. Validating recommendations for coronary
angiography following acute myocardial infarction in the elderly:
a matched analysis using propensity scores. J Clin Epidemiol.
2001;54:387-98.

Zou G. A modified Poisson regression approach to prospective
studies with binary data. Am J Epidemiol. 2004;159(7):702-6.
Woo V, Bell A, Clement M, Noronha L, Tsoukas MA, Camacho F,
et al. CANadian CAnagliflozin REgistry: effectiveness and safety
of canagliflozin in the treatment of type 2 diabetes mellitus in
Canadian clinical practice. Diabetes Obes Metab. 2019;21:691-9.
Thayer S, Chow W, Korrer S, Aguilar R. Real-world evaluation
of glycemic control among patients with type 2 diabetes mellitus
treated with canagliflozin versus dipeptidyl peptidase-4 inhibitors.
Curr Med Res Opin. 2016;32(6):1087-96.

Buysman EK, Chow W, Henk HJ, Rupnow MFT. Characteristics
and outcomes of patients with type 2 diabetes mellitus treated
with canagliflozin: a real-world analysis. BMC Endocr Disord.
2015;15:67.

Huang H, Bell KF, Gani R, Tugwell CW, Eudicone JM, Krukas-
Hampel MR. A retrospective real-world study of dapagliflozin
versus other oral antidiabetic drugs added to metformin in patients
with type 2 diabetes. Am J Mang Care. 2018;24:S132-S7.
Fadini GP, Zatti G, Baldi I, Bottigliengo D, Consoli A, Giaccari
A, et al. Use and effectiveness of dapagliflozin in routine clinical
practice: an Italian multicentre retrospective study. Diabetes Obes
Metab. 2018;20:1781-6.

Morales C, Bellido V, Tejera C, Goiii F, Palomares R, Sevillano
C, et al. DAPA-RWE: a retrospective multicenter study compar-
ing dapagliflozin and sitagliptin in patients with type 2 diabetes
treated under routine clinical practice in Spain. J Comp Eff Res.
2021;10(10):815-21.

Schernthaner G, Gross JL, Rosenstock J, Guarisco M, Fu M, Yee
J, et al. Canagliflozin compared with sitagliptin for patients with
type 2 diabetes who do not have adequate glycemic control with
metformin plus sulfonylurea: a 52-week randomized trial. Diabe-
tes Care. 2013;36:2508-15.

Lavalle-Gonzalez FJ, Januszewicz A, Davidson J, Tong C, Qiu R,
Canovatchel W, et al. Efficacy and safety of canagliflozin com-
pared with placebo and sitagliptin in patients with type 2 diabetes
on background metformin monotherapy: a randomised trial. Dia-
betologia. 2013;56:2582-92.

Wang Z, Sun J, Han R, Fan D, Dong X, Luan Z, et al. Efficacy and
safety of sodium-glucose cotransporter-2 inhibitors versus dipepti-
dyl peptidase-4 inhibitors as monotherapy or add-on to metformin
in patients with type 2 diabetes mellitus: a systematic review and
meta-analysis. Diabetes Obes Metab. 2018;20:113-20.

Hong CY, Chia KS, Hughes K, Ling SL. Ethnic differences among
Chinese, Malay and Indian patients with type 2 diabetes mellitus
in Singapore. Singap Med J. 2004;45(4):154-60.

Yaghootkar H, Whitcher B, Bell JD, Thomas EL. Ethnic differ-
ences in adiposity and diabetes risk - insights from genetic studies.
J Intern Med. 2020;288:271-83.

Monami M, Nreu B, Zannoni S, Lualdi C, Mannucci E. Effects
of SGLT-2 inhibitors on diabetic ketoacidosis: a meta-analysis

@ Springer

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

of randomised controlled trials. Diabetes Res Clin Pract.
2017;130:53-60.

Qiu R, Balis D, Xie J, Davies MJ, Desai M, Meininger G. Longer-
term safety and tolerability of canagliflozin in patients with type 2
diabetes: a pooled analysis. Curr Med Res Opin. 2017;33:553-62.
Zhang X-L, Zhu Q-Q, Chen Y-H, Li X-L, Chen F, Huang J-A,
et al. Cardiovascular safety, long-term noncardiovascular safety,
and efficacy of sodium-glucose cotransporter 2 inhibitors in
patients with type 2 diabetes mellitus: a systematic review and
meta-analysis with trial sequential analysis. ] Am Heart Assoc.
2018;7:e007165.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel
S, et al. Empagliflozin, cardiovascular outcomes, and mortality in
type 2 diabetes. N Engl J Med. 2015;373:2117-28.

Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G,
Erondu N, et al. Canagliflozin and cardiovascular and renal events
in type 2 diabetes. N Engl J Med. 2017;377(7):644-57.

Fralick M, Schneeweiss S, Patorno E. Risk of diabetic ketoaci-
dosis after initiation of an SGLT2 inhibitor. N Engl J Med.
2017;376:2300-2.

Pasternak B, Ueda P, Eliasson B, Svensson A-M, Franzén S, Gud-
bjornsdottir S, et al. Use of sodium glucose cotransporter 2 inhibi-
tors and risk of major cardiovascular events and heart failure:
Scandinavian register based cohort study. BMJ. 2019;366:14772.
Peters AL, Buschur EO, Buse JB, Cohan P, Diner JC, Hirsch IB.
Euglycemic diabetic ketoacidosis: a potential complication of
treatment with sodium-glucose cotransporter 2 inhibition. Dia-
betes Care. 2015;38:1687-93.

Singh AK. Sodium-glucose co-transporter-2 inhibitors and eug-
lycemic ketoacidosis: wisdom of hindsight. Indian J Endocrinol
Metab. 2015;19:722-30.

Roach P, Skierczynski P. Euglycemic diabetic ketoacidosis in a
patient with type 2 diabetes after treatment with empagliflozin.
Diabetes Care. 2016;39:e3.

Scheen AJ. Cardiovascular effects of new oral glucose-
lowering agents DPP-4 and SGLT-2 inhibitors. Circ Res.
2018;122:1439-59.

Birkeland KI, Jgrgensen ME, Carstensen B, Persson F, Gulseth
HL, Thuresson M, et al. Cardiovascular mortality and morbidity
in patients with type 2 diabetes following initiation of sodium-
glucose co-transporter-2 inhibitors versus other glucose-lowering
drugs (CVD-REAL Nordic): a multinational observational analy-
sis. Lancet Diabetes Endocrinol. 2017;5(9):709-17.

Dave CV, Schneeweiss S, Kim D, Fralick M, Tong A, Patorno E.
Sodium-glucose cotransporter-2 inhibitors and the risk for severe
urinary tract infections: a population-based cohort study. Ann
Intern Med. 2019;171(4):248-56.

Puckrin R, Saltiel M-P, Reynier P, Azoulay L, Oriana H, Filion
KB. SGLT-2 inhibitors and the risk of infections: a systematic
review and meta-analysis of randomised controlled trials. Acta
Diabetol. 2018;55(5):503-14.

Li D, Wang T, Shen S, Fang Z, Dong Y, Tang H. Urinary tract
and genital infections in patients with type 2 diabetes treated
with sodium-glucose co-transporter 2 inhibitors: a meta-anal-
ysis of randomised controlled trials. Diabetes Obes Metab.
2017;19(3):348-55.

Gadzhanova S, Pratt N, Roughead E. Use of SGLT2 inhibitors
for diabetes and risk of infection: analysis using general practice
records from the NPS MedicineWise Medicinelnsight program.
Diabetes Res Clin Pract. 2017;130:180-5.

Rosenstock J, Seman LJ, Jelaska A, Hantel S, Pinnetti S, Hach
T, et al. Efficacy and safety of empagliflozin, a sodium glucose
cotransporter 2 (SGLT2) inhibitor, as add-on to metformin in
type 2 diabetes with mild hyperglycaemia. Diabetes Obes Metab.
2013;15:1154-60.



Journal of Diabetes & Metabolic Disorders (2022) 21:521-555

555

53.

54.

55.

56.

57.

58.

Rosenstock J, Aggarwal N, Polidori D, Zhao Y, Arbit D, Usiskin
K, et al. Dose-ranging effects of canagliflozin, a sodium-glucose
cotransporter 2 inhibitor, as add-on to metformin in subjects with
type 2 diabetes. Diabetes Care. 2012;35:1232-8.

Han SJ, Ha KH, Lee N, Kim DJ. Effectiveness and safety of
sodium-glucose co-transporter-2 inhibitors compared with dipep-
tidyl peptidase-4 inhibitors in older adults with type 2 diabetes:
a nationwide population-based study. Diabetes Obes Metab.
2021;23(3):682-91.

Kosiborod M, Lam CSP, Kohsaka S, Kim DJ, Karasik A, Shaw
J, et al. Cardiovascular events associated with SGLT-2 inhibitors
versus other glucose-lowering drugs: the CVD-REAL 2 study. J
Am Coll Cardiol. 2018;71(23):2628-39.

Persson F, Nystrom T, Jorgensen ME, Carstensen B, Gulseth HL,
Thuresson M, et al. Dapagliflozin is associated with lower risk of
cardiovascular events and all-cause mortality in people with type
2 diabetes (CVD-REAL Nordic) when compared with dipeptidyl
peptidase-4 inhibitor therapy: a multinational observational study.
Diabetes Obes Metab. 2018;20:344-51.

Udell JA, Yuan Z, Rush T, Sicignano NM, Galitz M, Rosenthal
N. Cardiovascular outcomes and risks after initiation of a sodium
glucose cotransporter 2 inhibitor: results from the EASEL popu-
lation-based cohort study (evidence for cardiovascular outcomes
with sodium glucose cotransporter 2 inhibitors in the real world).
Circulation. 2018;137:1450-9.

Cahn A, Melzer-Cohen C, Pollack R, Chodick G, Shalev V. Acute
renal outcomes with sodium-glucose co-transporter-2 inhibitors:
real-world data analysis. Diabetes Obes Metab. 2019;21:340-8.

59.

60.

61.

62.

63.

Kim YG, Han SJ, Kim DJ, Lee KW, Kim HJ. Association between
sodium glucose co-transporter 2 inhibitors and a reduced risk of
heart failure in patients with type 2 diabetes mellitus: a real-world
nationwide population-based cohort study. Cardiovasc Diabetol.
2018;17:91.

Gautam S, Agiro A, Barron J, Power T, Weisman H, White J.
Heart failure hospitalisation risk associated with use of two
classes of oral antidiabetic medications: an observational, real-
world analysis. Cardiovasc Diabetol. 2017;16:93.

Zheng SL, Roddick AJ, Aghar-Jaffar R, Shun-Shin MJ, Francis
D, Oliver N, et al. Association between use of sodium-glucose
cotransporter 2 inhibitors, glucagon-like peptide 1 agonists,
and dipeptidyl peptidase 4 inhibitors with all-cause mortality
in patients with type 2 diabetes: a systematic review and meta-
analysis. ] Am Med Assoc. 2018;319:1580-91.

Heald A, Davies M, Stedman M, Livingston M, Lunt M, Fryer A,
et al. Analysis of English general practice level data linking medi-
cation levels, service activity and demography to levels of glycae-
mic control being achieved in type 2 diabetes to improve clinical
practice and patient outcomes. BMJ Open. 2019;9:¢028278.
Rosenbaum PR, Rubin DB. The central role of the propensity
score in observational studies for causal effects. Biometrika.
1983;70(1):41-55.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Real-world evaluation of sodium-glucose co-transporter-2 inhibitors and dipeptidyl peptidase-4 inhibitors for managing type 2 diabetes mellitus: a retrospective multi-ethnic cohort study
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Background
	Methods
	Study design and data source
	Patient selection and baseline characteristics
	Definition of outcomes and statistical analyses

	Results
	Baseline demographics and clinical characteristics
	Glycaemic control
	Safety outcomes
	Hospitalisations and deaths
	Healthcare savings

	Discussion
	Conclusions
	References


