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Abstract

Background and Objective As of December 2017, 20 diabetic ketosis (DK)/diabetic ketoacidosis (DKA) cases associated
with sodium—glucose co-transporter 2 inhibitors (SGLT21) had been reported to the Health Sciences Authority (HSA), Sin-
gapore. We aimed to provide a detailed analysis of the profile of these cases.

Methods As part of the emerging safety issue monitoring, the HSA followed up on SGLT2i-associated DK/DKA cases with
the reporters to obtain the missing and/or supplementary information. Descriptive statistics were employed to summarise
the data collected, while the Mann—Whitney test was employed to evaluate the differences between typical and euglycaemic
DKA cases as well as between genders.

Results All cases led to hospitalisation but were non-fatal. Where reported, the majority (71-85%) of DK/DKA cases
occurred within 180 days of SGLT2i therapy initiation and involved female patients and/or patients with long-standing type
2 diabetes mellitus (T2DM). Apart from the difference in blood glucose levels, no differences in the profile between the
typical and euglycaemic DKA cases were noted. Known precipitating factors were identified in all cases. Acute illnesses,
particularly infections and abscesses, were the most commonly reported precipitating factors, followed by insulin dose
reduction/cessation.

Conclusions Based on the profile of the reported cases, it is imperative to maintain clinical vigilance for DK/DKA, especially
during the first 6 months of SGLT2i treatment and more so in female patients and/or patients with long-standing T2DM.
Prompt evaluation and management of underlying precipitating factors is also important to assess and mitigate the risk of
developing DK/DKA during treatment with SGLT2i.

1 Introduction
Key Points
Sodium-—glucose co-transporter 2 inhibitors (SGLT2is) are

In the majority of cases, DK/DKA occurred within 180 a relatively new class of oral glucose-lowering agents that
days after initiation of SGLT?2i therapy in female and/or first came on to the market in 2013. This class of agents
long-standing T2DM patients with known precipitating works by increasing the renal excretion of glucose (i.e.
factors. glycosuria) through the inhibition of SGLT2-mediated
The absolute number of SGLT2i-associated DK/DKA cases renal glucose reabsorption, resulting in a reduction in
are expected to rise with the increasing use of SGLT2i. plasma glucose concentration [1]. Despite their glucose-

lowering activity and cardiovascular benefits, SGLT2i
administration has been associated with serious metabolic
derangement referred to as diabetic ketosis (DK)/diabetic
ketoacidosis (DKA). DKA is a potentially life-threatening
condition that is typically characterised by hyperglycae-
mia, ketonaemia and anion-gap acidosis, while DK is diag-
nosed when there is ketonaemia and evidence for compen-

The incidence of this serious but potentially prevent-
able ADR could be reduced through appropriate clinical
vigilance and patient education.
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DK/DKA), possibly due to greater urinary loss of glucose
or a decreased rate of hepatic glucose production [2, 3].

One of the postulated mechanisms for the development
of DK/DKA during treatment with SGLT2i was inhibition
of the activity of SGLT2 in the pancreatic alpha cells,
which has been shown to trigger glucagon secretion [4].
Alteration in the glucagon-to-insulin ratio, together with
pharmacologically induced glycosuria and precipitat-
ing factors, may synergistically promote development of
DK/DKA. The known precipitating factors for DK/DKA
include inadequate insulin treatment (including insulin
treatment non-compliance), acute intercurrent illness (e.g.
infection, myocardial infarction), low-carbohydrate diet
and excessive alcohol intake [5].

The occurrence of increased risk of DK/DKA with
SGLT2i was detected in the post-marketing setting. A
2.2-fold increase in the risk of DKA was observed in a
meta-analysis of three large post-marketing cardiovascular
outcome trials of SGLT2i [6]. In addition, a recent study
using a large claims database in the USA found that the
incidence of DKA within 180 days following the initia-
tion of SGLT2i was 2.2-fold higher than with dipeptidyl
peptidase-4 inhibitors (DPP4is), the latter of which have no
known association with DKA [7]. Despite their methodo-
logical limitations, published case reports and spontaneous
case reports have made important contributions to the body
of knowledge about the characteristics of this serious but
potentially preventable adverse drug reaction (ADR) [8, 9].
However, the published literature on the characteristics of
SGLT2i-associated DK/DKA in Asian patients, who are
known to have a different diabetes profile or characteris-
tics as compared to Caucasians [10], is relatively limited
to date [11].

In Singapore, the first SGLT2i (canagliflozin) was
approved in February 2014, followed by dapagliflozin in
April 2014 and empaglifiozin in December 2014. A local
SGLT2i-associated DKA case was first reported to the
Health Sciences Authority (HSA) of Singapore in Octo-
ber 2014 while a second DKA case with SGLT2is was
reported in May 2015. The latter report coincided with the
issuance of the US Food and Drug Administration (FDA)’s
safety communication regarding this safety concern [12].
Subsequently, HSA initiated a benefit-risk assessment on
SGLT2is and DKA, and communicated the assessment out-
comes and recommendations to healthcare professionals
(HCPs) in February 2016 [13]. HSA assessed that while the
benefit-risk profile of SGLT2is remains favourable for their
approved indications, the possibility of SGLT2i leading to
an increased risk of DKA cannot be excluded, particularly in
the presence of precipitating factors. Since then the number
of DK/DKA cases associated with SGLT2is reported to the
HSA has increased to 20 cases (as of December 2017).
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In this article we provide a detailed analysis of the profile
of SGLT2i-associated DK/DKA cases reported to the HSA,
with a specific focus on the onset of the event and the pre-
cipitating factors. We envisage that these data will further
add to the available body of knowledge surrounding this
important serious adverse reaction.

2 Methods

The HSA, in its role as a national pharmacovigilance centre,
receives reports of ADRs related to marketed health prod-
ucts from HCPs and product registrants. The ADR reports
are submitted to the HSA via the Critical Medical Informa-
tion Store (CMIS), email, online from HSA’s website, fax or
mail. The CMIS is a data repository for ADRs, drug aller-
gies and medical alerts that allows healthcare profession-
als to enter ADRs into patients’ electronic medical records,
and the information is then transmitted electronically to the
HSA.

As part of monitoring of the emerging safety issue, for
reported SGLT2i-associated DK/DKA cases, the HSA fol-
lowed up with the reporting HCP or product registrant to
obtain additional information, if they were not described
in the initial reports, to have a complete case report. These
include, but are not limited to, information such as the
patient’s age, body mass index (BMI), gender, diabetes type
(e.g. type 1 or type 2) and duration, time to onset of DK/
DKA, suspected and concomitant drugs, outcome of the DK/
DKA event, relevant laboratory results (i.e. blood glucose,
HbAc, bicarbonate, blood/urine pH and ketone levels)
and concurrent medical conditions that may precipitate the
development of DK/DKA.

Descriptive statistics were employed to summarise the
data collected. The Mann—Whitney test was performed to
evaluate if the differences between the characteristics of
DKA and euglycaemic DKA cases are statistically sig-
nificant as well as evaluate gender-related differences.
Continuous variable data were expressed as median and
range (minimum and maximum values). A P value <0.05
was considered statistically significant. Local exposure to
SGLT2is was estimated from national sales data, which were
expressed as the number of defined daily doses (DDDs).
DDD is defined as the assumed average maintenance adult
dose per day [14]. The reporting rate of SGLT2i-associated
DK/DKA was calculated as a ratio of the number of DK/
DKA cases to the number of DDDs in the same period and
expressed as number of cases per million DDDs (annual
reporting rate) or number of cases per 1000 DDD-years
(cumulative reporting rate).
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3 Results

As of December 2017, a total of 20 reports of SGLT2i-asso-
ciated DK/DKA had been received by the HSA, of which
the majority (80%) were reported by healthcare profession-
als while 20% were reported by product registrants. All the
reported cases were serious and resulted in hospitalisation
but none were fatal. DKA was described in 17 reports while
DK was described in the remaining three reports. As the
number of DK reports was too small to perform meaningful
analyses, the data from DKA and DK reports were combined
and analysed simultaneously, unless otherwise stated.

The clinical characteristics of these cases are shown in
Table 1. There were no statistically significant gender differences
in the clinical characteristics, except for BMI (data not shown).
Other than the blood glucose level, none of the differences in
clinical characteristics between the euglycaemic and typical
DKA cases were statistically significant (data not shown).

3.1 Demographics

Of the 20 reports, 75% involved female patients and 25%
involved male patients, with age ranging from 22 to 77 years
(median 53.5 years). Ethnicity was reported in 19 reports,
of which 89% were ethnic Chinese patients. BMI data
were available for 15 reports (median 27.6 kg/m?; range
15.7-34.7 kg/m?), of which one was severely underweight
(BMI 15.7 kg/m?). The majority of the reports (90%) involved
patients with type 2 diabetes mellitus (T2DM). There were
two reports that involved patients with latent autoimmune
adult diabetes (LADA). The duration of T2DM was available
for 14 reports, of which ten had T2DM for at least 8 years.

3.2 SGLT2i Therapies

Canagliflozin and empagliflozin were the suspected agents
in eight and seven reports, respectively. Dapagliflozin was
the suspected agent in six reports, including one report that
involved both dapagliflozin and empagliflozin. The time
from drug initiation to DK/DKA onset (denoted time-to-
onset; TTO) was available for 19 reports (median 50 days,
range 4-789 days), of which 85% developed DK/DKA within
180 days after SGLT2 inhibitor therapy initiation, as shown in
Fig. 1. Metformin was the most commonly reported concomi-
tant antidiabetic drug, reported in 75% of the cases, followed
by DPP-4is (45%), sulfonylureas (25%) and insulin (20%).

3.3 Laboratory Results

Glycated hemoglobin (HbAlc) levels were available for
15 reports. Of these 15 reports, seven had HbAlc levels
reported between 8.0% and 10.0% while the remaining

Table 1 Clinical characteristics of diabetic ketosis (DK)/diabetic
ketoacidosis (DKA) cases reported to the Health Sciences Authority

(HSA)

Characteristics Value
Reporter

Healthcare professionals 16 (80)
Product registrants 4 (20)

ADR description

DK 3(15)

DKA 9 (45)
Euglycaemic DKA 8 (40)
Demographics

Males/females 5(25)/15 (75)
T2DM/LADA 18 (90)/2 (10)

Diabetes duration (years)

14 (newly diagnosed—30; 14)

Age (years) 53.5 (22-77; 20)
BMI (kg/m?) 27.6 (15.7-34.7; 15)
Suspected SGLT2i

Canagliflozin 7 (33.3)
Dapagliflozin 6% (28.6)
Empaglifiozin 8 (38.1)

TTO (days) 50 (4-789; 19)
Concomitant anti-diabetic drugs

Metformin 15 (75)

DPP4i 9 (45)
Sulfonylurea 5(25)

Insulin 4 (20)

Laboratory tests

14.3 (8.1-25.5; 20)
10.2 (8-16; 15)
7.27 (5°-7.42; 16)
Bicarbonate (mmol/L) 10 (2.4-21.3; 20)
Blood ketone (mmol/L) 5(1.6-6.8; 16)
Positive urinary ketone 4 (20)

Blood glucose (mmol/L)
HbAlc (%)
Blood/urine pH

Values are expressed as n (%) or median (range; n)

BMI body mass index, HbAIc glycated hemoglobin, 770 time to
onset, 72DM type 2 diabetes mellitus, SGLT2i sodium—glucose co-
transporter 2 inhibitor, DPP4i dipeptidyl peptidase-4 inhibitor

#One case reported both dapagliflozin and empagliflozin

One case reported a urine pH of 5

eight reported HbAlc levels > 10.0%. Serum bicarbonate
levels were available for all reports, where ten had bicar-
bonate levels < 10 mmol/L while seven had bicarbonate
levels between 10 mmol/L and < 18 mmol/L. The remain-
ing three reports, which were DK cases, had bicarbonate
levels of 18 mmol/L and above. Blood and urine pH levels
were available for 15 reports and one report, respectively.
Five of the reports had blood pH levels <7.20 while
another five reports had blood pH levels reported between
7.20 and 7.35. The remaining five reports had blood pH
levels > 7.35. Blood ketone levels were available for
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Fig. 1 Time from sodium-glucose co-transporter 2 inhibitor (SGLT2i) treatment initiation to DK/DKA onset. DK diabetic ketosis, DKA diabetic

ketoacidosis

16 reports, ranging from 1.6 mmol/L to 6.8 mmol/L
(median 5 mmol/L), while a positive urine ketone test was
described in the remaining four reports. Blood glucose
levels were available for all reports (median 14.3 mmol/L;
range 8.1-25.5 mmol/L), half of which had glucose levels
< 13.9 mmol/L.

3.4 Precipitating Factors

Known DKA precipitating factors were described in all
reports. Acute illnesses were the most commonly reported
DKA precipitating factors (reported in 70% of the cases),
followed by insulin dose reduction/cessation (15%), as
shown in Fig. 2. The reported acute illnesses included uri-
nary tract infection (UTI), upper respiratory tract infection,
abscesses at various sites, and fracture. UTI was described
in four reports involving three female patients and one male
patient. The other DKA precipitating factors included alco-
holism, low medication adherence, low BMI, low carbohy-
drate diet and Ramadhan (Islamic holy month) fasting.

3.5 Estimated Local Exposure to SGLT2is

and Reporting Rate of SGLT2i-Associated DK/
DKA

Local exposure to SGLT2is saw an increasing trend from
2014 to 2017. The number of DDDs increased from 0.6
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million in 2014 to 5 million in 2017. Annual reporting
rates of SGLT2i-associated DK/DKA initially increased
from 1.8 cases per million DDDs in 2014 to 2.8 cases
per million DDDs in 2016. However, the reporting rate in
2017 decreased to 1.6 cases per million DDDs, which was
even slightly lower than that in 2014 (Fig. 3). The cumu-
lative reporting rate of SGLT2i-associated DK/DKA was
0.76 cases per 1000 DDD-years. Individually, the cumula-
tive reporting rates of DK/DKA associated with the use of
canagliflozin, dapagliflozin and empagliflozin were 1.12,
0.47 and 0.95 cases per 1000 DDD-years, respectively.

4 Discussion

Published case reports as well as spontaneous case reports
have collectively contributed to a better understanding of
the safety profile of SGLT2i-associated DKA. Recent stud-
ies by Fadini and colleagues provided a detailed analy-
sis of SGLT2i-associated DKA reports in the US FDA
Adverse Event Reporting System (FAERS) as well as in
105 published case reports [8, 9]. We discuss the signifi-
cance of our findings in relation to their findings.

Highly variable time-to-onset (TTO; time from drug ini-
tiation to onset of DKA) of DKA was observed in FAERS
reports (range 1 day to > § years) as well as published case
reports (0.3—420 days) [8, 9]. Based on Bonora et al.’s
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Fig.2 Frequency of the identified precipitants of DK/DKA. DK diabetic ketosis, DKA diabetic ketoacidosis, BMI body mass index
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Fig.3 Sodium-glucose co-transporter 2 inhibitor (SGLT2i) exposure and reporting rate of SGLT2i-associated DK/DKA. DK diabetic ketosis,
DKA diabetic ketoacidosis, DDD defined daily dose

published supplementary information, we noted that the
majority (84.8%) of the published case reports with infor-
mation on TTO of DKA (n=46) occurred within 180 days
of initiation of SGLT2i therapy. This is similar to our find-
ings, which may suggest that patients may be at higher risk

of developing DKA during the first 180 days of SGLT2i
therapy (Fig. 1). Few studies have provided evidence that
the risk of developing DKA decreases with a longer dura-
tion of SGLT?2i exposure. In one Korean nationwide pop-
ulation-based cohort study by Kim et al., a decrease in the
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cumulative incidence of DKA during the first 3 years after
SGLT?2i therapy initiation compared with the incidence dur-
ing the first 180 days after initiation (0.614 vs. 1.073 per
1000 person-years) was observed [15]. However, their study
results also indicated that SGLT2i use does not increase the
risk of DKA compared with DPP4i use. In contrast, Fral-
ick et al. examined a large claims database of commercially
insured patients in the USA and found that patients treated
with SGLT2is have about twice the risk for developing DKA
within 180 days of therapy initiation compared to those
treated with DPP4is [7]. The 180-day cumulative incidence
of DKA reported by Fralick et al. was also 4.6-fold higher
than that reported by Kim et al. (4.9 vs. 1.073 per 1000 per-
son-years). Additional well-designed studies are warranted
to further characterise the risk of DKA with SGLT2is strati-
fied by drug exposure duration.

Consistent with the findings of Fadini et al. and Bonora
et al. (female-to-male ratio of up to 1.57), female gender
predominance was also observed in our cases, albeit with a
higher female-to-male ratio of 3. The reasons for this phe-
nomenon are unclear. It is known that genital infection and
UTI are more prevalent in women during treatment with
SGLT2is, and can trigger DKA. Although there were no
cases reported to us that described genital infections, there
were four reports that described UTIs and the majority of
them involved females. There is currently no evidence to
suggest gender differences in the prescribing of SGLT2is
[16]. It is noteworthy that there was a difference in the TTO
of DKA, albeit statistically insignificant (P =0.06), between
male patients (median 13 days; range 8—43 days) and female
patients (median 120 days; range 4-789 days), suggest-
ing that DKA may develop earlier in male patients than in
female patients following initiation of SGLT2i therapy. Gen-
der differences in the susceptibility to DKA during SGLT2i
therapy should be further explored.

Acute illnesses, mainly infections and abscesses, were the
most common precipitant of DKA in our cases (Fig. 2). By
contrast, relative/absolute insulin deficit was the most com-
mon DKA precipitant present in the published case reports
reviewed by Bonora et al. [9]. This may partly be due to a
higher prevalence of concomitant insulin use and TIDM in
the published case reports compared to our cases (40% vs.
20% and 27% vs. none, respectively). It has been shown that
diabetic patients are at increased risk for recurrent common
infections, such as lower respiratory tract infections, UTIs,
and skin and mucous membrane infections, and are vulnerable
to recurrent severe infections, potentially due to altered innate
and adaptive immunity [17-19]. Metabolic responses to infec-
tion, such as elevated glucagon and catecholamine concentra-
tions and insulin resistance, may in turn increase patients’
susceptibility to DKA [20]. In addition, where reported, 71%
of our cases involved patients with long-standing DM (DM
duration of 8 years and above). Due to the progressive nature
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of the disease, long-standing T2DM patients are at risk of
developing insulin deficiency over time, putting them at risk
of developing DKA during SGLT2i treatment [21]. Prudent
SGLT?2i prescribing in these patients is essential.
Euglycaemic DKA contributed to nearly half of the cases
(40%) reported to us. Apart from the blood glucose levels,
no statistically significant differences in clinical character-
istics between the typical and euglycaemic DKA cases were
observed. Compared to typical DKA cases, euglycaemic
DKA cases tended to have shorter TTOs of DKA, albeit
being statistically insignificant (P =0.13; data not shown).
Also, we observed that euglycaemic DKA cases tend to
involve patients with a shorter duration of DM. However,
statistical analysis was not performed as the DM duration
data were only available for four euglycaemic DKA cases,
three of which were described as ‘newly diagnosed” DM. To
our knowledge, no studies to date have examined the extent
to which the profiles of SGLT2i-associated euglycaemic
DKA cases differ from those of SGLT2i-associated typical
DKA. More cases are required to validate these findings.
As of December 2017, the cumulative reporting rate of
SGLT2i-associated DK/DKA was 0.72 cases per 1000 DDD-
years, which translates to 0.72 cases per 1000 person-years.
The cumulative reporting rates of DK/DKA associated with
dapagliflozin, empagliflozin and canagliflozin were 0.47
cases per 1000 DDD-years, 0.95 cases per 1000 DDD-years
and 1.12 cases per 1000 DDD-years, respectively. These rates
fall within the range previously reported for the DKA inci-
dence rate in SGLT2i users (0.6—1.69 cases per 1000 person-
years) as well as in T2DM (0.32-2.0 cases per 1000 person-
years) [15, 22-25]. Despite considerable increases in the use
of SGLT2is from 2014 to 2017, a parallel increase in annual
reporting rates of SGLT2i-associated DK/DKA was not
observed. The annual reporting rate of SGLT2i-associated
DK/DKA initially increased during the 2014-2016 period
but declined in 2017 (Fig. 3). It remains to be seen whether
the annual reporting rates will remain low. Also, it should
be noted that, due to the voluntary nature of ADR reporting
by HCPs and the use of sales data to estimate local expo-
sure to SGLT2is, these reporting rates may be an under- or
overestimation of the true rates. Nonetheless, profiling of the
reported cases helps to provide a collective understanding of
the predisposing and precipitating factors for DK/DKA in
SGLT2i-treated patients, which is the cornerstone in deter-
mining the risk minimisation measures that can be put in
place to reduce its severity and/or probability of occurrence.

5 Conclusion
The absolute number of SGLT2i-associated DK/DKA cases

are expected to rise with the increasing use of SGLT2is. The
incidence of this serious but potentially preventable ADR
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could be reduced through appropriate clinical vigilance
and patient education. It is imperative to maintain clinical
vigilance for DKA, especially during the first 6 months of
treatment with SGLT2is, and more so in female patients and/
or patients with long-standing type 2 diabetes. Prompt evalu-
ation and management of underlying precipitating factors
is also important to assess and mitigate the risk of develop-
ing DK/DKA during treatment with SGLT2is. Patients on
SGLT2is should be advised about possible DK/DKA epi-
sodes and their precipitating factors, and to seek medical
attention promptly upon experiencing symptoms of meta-
bolic acidosis.
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