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Ketoacidosis due to SGLT-2 inhibitors in 
Type-2 Diabetes: From RxSignal to FDA safety alert
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Drugs Covered: FARXIGA, GLYXAMBI, 
INVOKAMET, INVOKANA, JARDIANCE, 
XIGDUO XR

Indications Covered: Diabetes Mellitus, Type 2

Drug Classes Covered: Other blood glucose lowering 
drugs, excl. insulins

MoA Covered: Sodium-Glucose Transporter 
Inhibitors, Sodium-Glucose Transporter 2 Inhibitors

Actionable Intelligence: On May 15, 2015, FDA 
issued a Drug Safety Communication alerting for risk 
of developing ketoacidosis in type-2 diabetes patients 
taking drugs belonging to the class of Sodium-Glucose 
co-tansporter-2 (SGLT-2) inhibitors (canagliflozin, 
dapagliflozin and empagliflozin). Our proprietary 
analytics identified RxSignals for these issues over 
a year before this FDA announcement: Diabetic 
ketoacidosis for Invokana was first signaled in August 
2013 and Ketoacidosis for both Farxiga and Invokana 
was first signaled in May 2014. Based on active 
RxSignals for non-labeled risks reported for Farxiga 
(including Cerebral Infarction and Cardiac Failure) as 
well as other serious downstream costs associated with 
this medication, our RxCost analysis shows Invokana 
as a safer option compared to Farxiga, with an RxCost 
per prescription of $4.04 versus $20.00.
 

Overview

On May 15, 2015 FDA issued a safety warning that 
the type-2 diabetes mellitus (DM) drugs canagliflozin 
(Invokana, Johnson & Johnson), dapagliflozin 
(Farxiga,AstraZeneca plc) and empagliflozin 
(Jardiance, Boehringer Ingelheim GmbH and Eli Lilly 
& Company) belonging to SGLT-2 class inhibitors 

may cause ketoacidosis, a serious condition that makes 
blood acidic due to the presence of ketones.

SGLT-2 inhibitors are a class of FDA approved drugs 
prescribed for type-2 diabetes patients in conjunction 
with diet and exercise to lower blood glucose levels. 
These drugs block glucose reabsorption from the 
kidney, thus increasing urinary glucose excretion 
and reducing blood glucose levels. They show 
good glycemic control with low risk of hypoglycemia 
and can be used in combination with other diabetes 
drugs. The most common adverse events associated 
with SGLT-2 inhibitors are weight loss, hypovolemia, 
yeast infections and urinary tract infections.

Ketoacidosis, a well-known complication of type-
1 diabetes patients is also referred as diabetic 
ketoacidosis (DKA). DKA occurs when insulin levels 
are inadequate to meet the body’s basic metabolic 
requirements. Insulin deficiency leads to formation 
of free fatty acids due to breakdown of triglycerides 
and amino acids, which get converted to highly acidic 
ketone bodies, leading to acidosis. Symptoms include 
nausea, vomiting, and abdominal pain that can progress 
to cerebral edema, coma, and death.

In type-2 diabetes patients, uncontrolled hyperglycemia 
causes hyperosmolar hyperglycemic state (HHS) 
without ketosis. DKA is relatively rare and is presumed 
to be due to underlying stress like overwhelming 
infection, infarction of tissue, or other severe illness. 
Hence, a FDA safety communication alerting 
ketoacidosis risk to a type-2 diabetes medication 
might be surprising. In its safety communication, FDA 
analyzed the FDA Adverse Event Reporting System 
(FAERS) data from March 2013 to June 2014 and 
emphasized the association of DKA with the SGLT-
2 inhibitors drugs based on the following reasons (1) 
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occurrence mainly in type-2 diabetes patients (2) median time of onset of symptoms being two weeks post drug 
therapy (3) patients had mild hyperglycemia (less than 200mg/dL) compared to the typically greater than 250mg/
dL that elicits DKA (4) half of the cases did not have any triggering factor like infections, illness, hypoinsulinemia 
associated with DKA.

This article intends to emphasize yet another accurate prediction of our RxSignal algorithm. We have discussed 
how both ketoacidosis and DKA have been alerted as Active RxSignals associated with the use of SGLT-
2inhibitors. Our RxCost module which analyzes unforeseen downstream medical costs associated with AEs also 
highlighted the seriousness of this AE by listing it in top-ten costliest AEs list.

RxSignal                                                                                                                                                       

RxSignal1 is a proprietary algorithm used to identify combinations of drug and AE that may be appear as a 
future safety alert or labeling change by FDA.  In this way, we are alerting our clients about potential risks 
and problems of drugs before the general public has been notified by regulatory officials. We first employ 
our proprietary RxFilter2 to determine ROR3 values for all the on-label and off-label AEs of a drug. Then, 
“Active” RxSignals are generated when a drug / side-effect pair meet three of the following criteria: 1) must 
be an RxSignal eligible event 2) must currently not be on the drug’s label 3) The ROR > 2 4) must have at 
least 5 primary suspect cases 5) cannot be disease-related.  A Watchlist RxSignal has the same criteria with the 
exception of having an ROR value between 1.0 and 2.0.

Table 1 below shows the “Active” RxSignals of SGLT-2 inhibitors Invokana, Farxiga and Jardiance. Note that 
both Farxiga and Invokana have DKA and ketoacidosis (in red text) on the Active RxSignal list. Jardiance, due 
to inadequate FAERS data reports, does not show these AEs on its Active list. Our database found 4 cases of 
DKA for Jardiance (incidence 0.0059%)
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Table 2 below shows the comparative incidence, primary suspect cases (PSC) and RORs of DKA and 
Ketoacidosis for all the drugs indicated for type-2 diabetes.  Apart from SGLT-2 inhibitor drugs (Farxiga 
and Invokana), most of the drugs did not show these AEs in their RxSignal Active/Watchlist list. DKA was 
RxSignal Active for only 5 out of 32 drugs compared and on Watchlist for 2 out of 32 drugs. Ketoacidosis 
was RxSignal Active for only 3 out of 32 drugs and on Watchlist for 1 out of 32 drugs. Noteworthy, Glucagon 
like peptide-1 (GLP-1) analogues  (Byetta; AstraZeneca plc and Victoza; Novo Nordisk A/S) and Sitagliptin 
(Janumet andJanuvia; Merck & Co., Inc) presented DKA as RxSignal Active/ Watchlist signal warranting 
further analysis over the association of these drugs  with DKA and ketoacidosis
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RxCost

All the three drugs belonging to the SGLT-2 inhibitor family show relatively small RxCost4/Prescription. As 
shown in Figure 1 below, Farxiga has the highest RxCost/prescription ($20.00) and Invokana has the lowest 
RxCost/prescription ($4.04), with Jardiance having a median RxCost/Prescription of $13.14.

Upon a closer look at the top 10 costliest AEs of these drugs (Table 3), many serious renal, cardiac, 
cerebrovascular AEs and cancer risks may be observed. Noteworthy, DKA appears in this list for all the three 
drugs, further underlining the seriousness of this AE and accuracy of our analytics.
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RxScore

Figure 2 below shows the comparison of RxScores5 of  SGLT-2 inhibitor drugs. The average RxScore of this 
family is 57.70. Jardiance appears to be the least risky with RxScore of 52.22 and Farxiga with an RxScore of 
65.57 appears to the most risky in this drug class.

 

Disclaimer

AdverseEvents, nor its officers or employees, has not been directly compensated by any party for the 
preparation of this report. The inclusion of a particular company, drug, class or indication in this report is 
determined wholly by our quantitative signaling and scoring systems along with our qualitative analysis work. 
The inclusion or exclusion of any drug, company, or indication has not, and will not, be influenced by any third 
party, including any clients of AdverseEvents.

RxFilter results, disproportionality measures, RxSignals, RxScores, RxCosts, and Outcome rates change over 
time as a result of new case report procurement.  As a result, the data you see in this report might not reflect the 
latest update. Clients may access updated results through their AdverseEvents Explorer subscription.  If you are 
not a client, you can contact us for more information.

www.adverahealth.com 6© 2015 Advera Health Analytics

http://info.adverseevents.com/contact-us
http://info.adverseevents.com/contact-us


Footnotes
1RxSignal uses a refined version of disproportionality analysis (DA) in order to make predictions regarding 
future FDA advisory actions. The key issue for developing a relevant signaling platform is being able to 
properly identify and track AEs that are of significant interest to FDA. RxSignal was developed by identifying 
key AEs from hundreds of prominent FDA alerts issued over the past 12 years.

2RxFilter makes post-marketing adverse event (AE) case reports contained in FDA?s Adverse Event Reporting 
System (FAERS) accessible by using a combination of computer algorithms and in-house data analysis. The 
system accurately standardizes and normalizes ~5 million AE case reports, from 1997 on, linked to over ~2,000 
FDA approved drugs and feeds those clean data into our other analytics.

3ROR is a disproportionality analysis known as the Reporting Odds Ratio. An ROR score greater than 1 
indicates that there is a higher than expected reporting rate for a given AE / drug combination. While there 
is no widely accepted benchmark regarding the numerical level at which disproportionality analysis yields a 
safety signal, many in the drug industry assume that results above 2.0 warrant attention.

4RxCost is a proprietary algorithm that calculates downstream medical costs associated with AE/drug 
combinations.  We obtained FAERS case reports of all the AEs that occurred during the previous five year 
period,   pertaining to a particular drug. These AEs were mapped to MedDRA (Medical Dictionary for 
Regulatory Activities) terms and the MedDRA terms were matched to the corresponding ICD-9 codes 
(International Statistical Classification of Diseases and Related Health Problems).  An average RxCost per AE 
is calculated by normalizing the five-year cost of treating a particular AE listed according to Healthcare Cost 
and Utilization Project (HCUP). 

5RxScore is a proprietary algorithmic model that ranks the potential risk of each drug in our coverage universe 
on a 1-100 scale. The model is based on the average downstream cost of serious AEs and outcomes per patients 
exposed to a particular medication.
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Real world data, analytics, and insights for healthcare decisions makers

AdverseEvents Explorer provides the highest quality, standardized and sourced data on post approval drug effects from 
FAERS, as well as access to proprietary data via Freedom of Information Act (FOIA) requests.

RxSuite includes:

• RxFilter® provides complete data optimization of the FAERS dataset through a 17-step algorithmic process to 
make it completely accessible and searchable. 

 • RxCost® is the first standardized methodology to determine direct costs of adverse drug events, enabling decisions 
to be made based on total cost of care.

• RxSignal® is a predictive algorithm that alerts users to emerging and/or previously unidentified side effect threats 
that may prompt a future FDA regulatory action (warnings, Black Box designations, product withdrawal or recalls, 
etc).

• RxScore® is the first drug safety scoring system that quickly summarizes comprehensive post-approval drug safety 
issues, like a FICO credit score

Request a free 7 day software trial

Have more questions? Want a real person to walk you through a live demo? 
Schedule a demo with a time that’s more convenient for you!
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