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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 
SGLT2 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 SGLT2 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 SGLT2 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, SGLT2 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 SGLT2 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 

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 A1c (HbA1c) 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 (SGLT2) 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 (eGFR) [14]. In contrast, 
SGLT2 inhibitors are contraindicated in those with moderate 
to severe kidney impairment [15, 16].

Three SGLT2 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 HbA1c 
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 

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 SGLT2 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 T1DM. This 
approach had also been used by other studies in identify-
ing patients with T1DM [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 SGLT2 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. HbA1c (%), eGFR 
(mL/min/1.73m2) 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 HbA1c 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 
HbA1c 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-I99) 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 SGLT2 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 SGLT2 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 SGLT2 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 SGLT2 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, SGLT2 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 HbA1c above 
8% (RR 0.88; 95% CI 0.83, 0.94). The difference between 
treatment groups was however not statistically significant 
in patients with HbA1c 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 HbA1c between 7% and 8% in 
Indian patients on SGLT2 inhibitors.

Safety outcomes

In terms of safety outcomes, patients initiating SGLT2 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 SGLT2 inhibitor initiation.

Hospitalisations and deaths

In addition, SGLT2 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 

mortality was observed among patients initiating SGLT2 
inhibitors versus DPP4 inhibitors, with RR of 0.66 (95% 
CI 0.51, 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 
SGLT2 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 SGLT2 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 SGLT2 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 
SGLT2 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 SGLT2 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 SGLT2 inhibitor initiation to 
be associated with a higher likelihood of achieving HbA1c 
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 HbA1c 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 HbA1c 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 SGLT2 inhibitors d DPP4 inhibitors SGLT2 inhibitors d

(n = 52,349) (n = 15,207) (n = 15,207) (n = 15,207)

Age (years), mean ± SD 62.9 ± 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)
  0–4 10,897 (20.8%) 4773 (31.4%) 0.242 4473 (29.4%) 4773 (31.4%) 0.043
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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; HbA1c: 
haemoglobin A1c; eGFR: estimated glomerular filtration rate; CVD: cardiovascular disease; MET: metformin; SU: sulfonylureas

Table 1  (continued)

Variables Unmatched cohorts Matched cohorts

DPP4 inhibitors SGLT2 inhibitors d DPP4 inhibitors SGLT2 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

HbA1c (%)
  <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/1.73m2)
  <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
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showed greater reductions in HbA1c 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 

Fig. 1  Selection of study popu-
lation for outcomes measured 
31–365 days after initiation

T2DM patients newly initiating on SGLT2 inhibitors or 
DPP4 inhibitors 

n = 71,587

SGLT2 inhibitors

n = 15,207

DPP4  inhibitors matched (1:1) to 
SGLT2 inhibitors on propensity score

n = 15,207

67,556 patients

Patients excluded n = 4,031

No information on gender

Non-resident

Age less than 30 years old

Patient died

Table 2  RR and associated 
95% CIs for glycaemic control 
in two treatment cohorts after 
treatment initiation

^Adjusted for baseline HbA1c and year of initiation (for Indian and Malay patients)
HbA1c: haemoglobin A1c; DPP4: dipeptidyl peptidase 4; SGLT2: sodium-glucose co-transporter 2; RR: 
risk ratio; CI: confidence interval

Outcomes, n(%) DPP4 inhibitors SGLT2 inhibitors Unadjusted RR (95% CI) Adjusted RR (95% CI)^

All patients (5495 matched patients from each treatment cohort)
HbA1c < 7% 2062 (37.5%) 2240 (40.8%) 1.09 (1.04, 1.14) 1.09 (1.04, 1.14)
HbA1c 7–8% 1740 (31.7%) 1761 (32.1%) 1.01 (0.96, 1.07) 1.01 (0.96, 1.07)
HbA1c > 8% 1693 (30.8%) 1494 (27.2%) 0.88 (0.83, 0.94) 0.88 (0.83, 0.94)
Chinese (3365 matched patients from each treatment cohort)
HbA1c < 7% 1264 (37.6%) 1382 (41.1%) 1.09 (1.03, 1.16) 1.09 (1.03, 1.16)
HbA1c 7–8% 1138 (33.8%) 1150 (34.2%) 1.01 (0.95, 1.08) 1.01 (0.95, 1.08)
HbA1c > 8% 963 (28.6%) 833 (24.8%) 0.87 (0.80, 0.94) 0.87 (0.80, 0.94)
Indian (905 matched patients from each treatment cohort)
HbA1c < 7% 318 (35.1%) 357 (39.5%) 1.12 (1.00, 1.27) 1.11 (0.99, 1.25)
HbA1c 7–8% 294 (32.5%) 254 (28.1%) 0.86 (0.75, 0.99) 0.86 (0.75, 0.99)
HbA1c > 8% 293 (32.4%) 294 (32.5%) 1.00 (0.88, 1.15) 1.00 (0.88, 1.14)
Malay (745 matched patients from each treatment cohort)
HbA1c < 7% 280 (37.6%) 303 (40.7%) 1.08 (0.95, 1.23) 1.07 (0.94, 1.21)
HbA1c 7–8% 222 (29.8%) 218 (29.3%) 0.98 (0.84, 1.15) 0.98 (0.84, 1.15)
HbA1c > 8% 243 (32.6%) 224 (30.1%) 0.92 (0.79, 1.07) 0.92 (0.80, 1.07)
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between the treatment groups but there was substantial het-
erogeneity across studies  (I2 = 62%) [33].

As expected, the relative efficacy of treatments dif-
fered across ethnic groups. Although SGLT2 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 SGLT2 inhibitors. Similarly, another nation-
wide retrospective cohort study in Korea did not observe an 
increase in DKA risk in the SGLT2 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 

(OR) of 1.14 (95% CI 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 SGLT2 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 
SGLT2 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 SGLT2 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% 

Table 3  RR and associated 95% 
CIs for DKA, hypoglycaemia 
and UTI in two treatment 
cohorts after treatment initiation

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

Outcomes, n (%) DPP4 inhibitors SGLT2 inhibitors RR (95%CI)

All patients (15,207 matched patients from each treatment cohort)
DKA 108 (0.7%) 83 (0.6%) 0.77 (0.58, 1.02)
DKA hospitalisation with length of stay ≥7 days 47 (0.3%) 44 (0.3%) 0.94 (0.62, 1.41)
Hospitalised for hypoglycaemia 347 (2.3%) 241 (1.6%) 0.69 (0.59, 0.82)
Hospitalised for UTI 332 (2.2%) 173 (1.1%) 0.52 (0.43, 0.63)
Chinese (9199 matched patients from each treatment cohort)
DKA 55 (0.6%) 51 (0.6%) 0.93 (0.63, 1.36)
DKA hospitalisation with length of stay ≥7 days 27 (0.3%) 25 (0.3%) 0.93 (0.54, 1.59)
Hospitalised for hypoglycaemia 189 (2.1%) 124 (1.4%) 0.66 (0.52, 0.82)
Hospitalised for UTI 166 (1.8%) 95 (1.0%) 0.57 (0.45, 0.74)
Indian (2461 matched patients from each treatment cohort)
DKA 22 (0.9%) 11 (0.5%) 0.50 (0.24, 1.03)
DKA hospitalisation with length of stay ≥7 days 10 (0.4%) 6 (0.2%) 0.60 (0.22, 1.65)
Hospitalised for hypoglycaemia 94 (3.8%) 48 (2.0%) 0.51 (0.36, 0.72)
Hospitalised for UTI 74 (3.0%) 39 (1.6%) 0.53 (0.36, 0.77)
Malay (2087 matched patients from each treatment cohort)
DKA 30 (1.4%) 15 (0.7%) 0.50 (0.27, 0.93)
DKA hospitalisation with length of stay ≥7 days 12 (0.6%) 10 (0.5%) 0.83 (0.36, 1.92)
Hospitalised for hypoglycaemia 49 (2.4%) 44 (2.1%) 0.90 (0.60, 1.34)
Hospitalised for UTI 59 (2.8%) 24 (1.2%) 0.41 (0.25, 0.65)
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vs. 1.3%) [28] and decreased risk of hypoglycaemia with 
SGLT2 inhibitors (HR 0.76; 95% CI 0.65, 0.90; p = 0.001) 
[47]. A systematic review comprising 25 RCTs (RR, 0.99; 
95% CI 0.78, 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 SGLT2 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 SGLT2 inhibitors [49, 50]. Another observational study 
in Australia similarly did not find a higher risk of UTI infec-
tions in SGLT2 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 
SGLT2 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 

Table 4  RR and associated 95% 
CIs for hospitalisations and 
deaths in two treatment cohorts 
after treatment initiation

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

Outcomes, n(%) DPP4 inhibitors SGLT2 inhibitors RR (95%CI)

All patients (15,207 matched patients from each treatment cohort)
Any hospitalisation 2830 (18.6%) 2489 (16.4%) 0.88 (0.84, 0.92)
Hospitalised for DM (principal diagnosis) 546 (3.6%) 336 (2.2%) 0.62 (0.54, 0.70)
Hospitalised for DM-related kidney complications 156 (1.0%) 44 (0.3%) 0.28 (0.20, 0.39)
Hospitalised for diabetic nephropathy 34 (0.2%) 37 (0.2%) 1.09 (0.68, 1.73)
Hospitalised for CVD 534 (3.5%) 570 (3.8%) 1.07 (0.95, 1.20)
Hospitalised for HF 211 (1.4%) 164 (1.1%) 0.78 (0.63, 0.95)
All-cause death 151 (1.0%) 100 (0.7%) 0.66 (0.51, 0.85)
Chinese (9199 matched patients from each treatment cohort)
Any hospitalisation 1467 (16.0%) 1263 (13.7%) 0.86 (0.80, 0.92)
Hospitalised for DM (principal diagnosis) 280 (3.0%) 145 (1.6%) 0.52 (0.42, 0.63)
Hospitalised for DM-related kidney complications 92 (1.0%) 20 (0.2%) 0.22 (0.13, 0.35)
Hospitalised for diabetic nephropathy 10 (0.1%) 18 (0.2%) 1.80 (0.83, 3.90)
Hospitalised for CVD 299 (3.3%) 293 (3.2%) 0.98 (0.84, 1.15)
Hospitalised for HF 124 (1.4%) 76 (0.8%) 0.61 (0.46, 0.81)
All-cause death 87 (1.0%) 56 (0.6%) 0.64 (0.46, 0.90)
Indian (2461 matched patients from each treatment cohort)
Any hospitalisation 594 (24.1%) 521 (21.2%) 0.88 (0.79, 0.97)
Hospitalised for DM (principal diagnosis) 114 (4.6%) 65 (2.6%) 0.57 (0.42, 0.77)
Hospitalised for DM-related kidney complications 27 (1.1%) 9 (0.4%) 0.33 (0.16, 0.71)
Hospitalised for diabetic nephropathy 15 (0.6%) 5 (0.2%) 0.33 (0.12, 0.92)
Hospitalised for CVD 115 (4.7%) 126 (5.1%) 1.10 (0.86, 1.40)
Hospitalised for HF 47 (1.9%) 32 (1.3%) 0.68 (0.44, 1.06)
All-cause death 25 (1.0%) 17 (0.7%) 0.68 (0.37, 1.26)
Malay (2087 matched patients from each treatment cohort)
Any hospitalisation 476 (22.8%) 441 (21.1%) 0.93 (0.83, 1.04)
Hospitalised for DM (principal diagnosis) 101 (4.8%) 84 (4.0%) 0.83 (0.63, 1.10)
Hospitalised for DM-related kidney complications 26 (1.3%) 12 (0.6%) 0.46 (0.23, 0.91)
Hospitalised for diabetic nephropathy 5 (0.2%) 12 (0.6%) 2.40 (0.85, 6.80)
Hospitalised for CVD 82 (3.9%) 95 (4.6%) 1.16 (0.87, 1.55)
Hospitalised for HF 27 (1.3%) 40 (1.9%) 1.48 (0.91, 2.40)
All-cause death 32 (1.5%) 19 (0.9%) 0.59 (0.34, 1.04)

529Journal of Diabetes & Metabolic Disorders (2022) 21:521–555



1 3

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 SGLT2 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% CI 0.58, 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% CI 0.46, 0.67;  I2 = 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. SGLT2 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% 
CI 0.34, 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 SGLT2 inhibitors com-
pared to other diabetes drugs (HR 0.70; 95% CI 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 

favouring SGLT2 inhibitors over DPP4 inhibitors (HR 0.66; 
95% CI 0.53, 0.81) [42].

Our study also estimated that the reduced risk of hospi-
talisations associated with SGLT2 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 SGLT2 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 SGLT2 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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Table 5
Fig. 2

Fig. 2  Selection of study popu-
lation for outcomes measured 
91–365 days after initiation

T2DM patients newly initiating on SGLT2 inhibitors or 

DPP4 inhibitors

n = 53,204

SGLT2 inhibitors

n = 5,495

DPP4 inhibitors matched (1:1) to 

SGLT2 inhibitors on propensity score

n = 5,495

35,694 patients

Patients excluded n = 17,510

No Hba1c results after initiation

No information on gender

Non-resident

Age less than 30 years old

Patient died
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