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ABSTRACT
One of the dreaded life-threatening complications of diabetes mellitus (DM) is diabetic 
ketoacidosis (DKA). American Diabetic Association (ADA) came out with 2018 guidelines 
on the management of DM and its complications, but these are woefully silent on the clinical 
conundrums that accompany DKA in elderly patients. In elderly patients, DKA is often 
complicated by sepsis, atrial fibrillation, polypharmacy, nonketotic hyperosmolar states, atypical 
clinical presentations, acute kidney injury (AKI), dementia, and noncompliance with medications. 
Here in we highlight these conundrums that need to be addressed to improve morbidity and 
mortality in elderly patients.
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INTRODUCTION	

Diabetes mellitus (DM) and its complications 
cost billions of  dollars to the taxpayer. 
According to the American Diabetes 
Association (ADA), the cost of  DM to the 
tax payer was $245 billion in 2012. This is 
a change from $174 billion in 2007 when 
the cost was last examined. Majority of  
the cost is incurred in the inpatient care of  
diabetes. The problem gets compounded 
by the increasingly elderly population that 
is diabetic.[1] In the United States, more 
than 25% of  elderly patients are diabetic 
and the number is rapidly increasing. 
Shrestha et al. calculated the cost of  diabetic 
ketoacidosis (DKA) related hospitalization 
to be $14,236.[2] The cost is higher in elderly 
patients who have multiple comorbidities 
and are almost always on polypharmacy.[3,4]

National diabetes surveillance program 
by the Center of  Disease Control (CDC) 
showed that in 2010, DM figured second 
in the list of  top discharge diagnosis of  
patients aged more than 18 years. Also 
survey from 1988 to 2009 showed that the 
discharges with DM as first-listed diagnosis 
increased from 454,000 to 688,000. The 
average length of  stay (LOS) for hospital 

discharges in which DM had been listed 
as diagnosis decreased to 4.8 days in 2009 
from 9.0 days in 1988. This is likely a 
manifestation of  improved inpatient care 
of  DM and related complications. When 
the data were stratified using age as the 
criteria, it showed that discharge rates were 
19.83% for patients younger than 45 years, 
20.28% for those aged 45–64 years, 30.96% 
for those aged 65–74 years, and 47.97% for 
those aged 75 years and older. This likely 
reflects the increased prevalence of  DM in 
the elderly population and also the presence 
of  increased comorbidities that leads to 
frequent hospitalizations.[5]

CLINICAL CONUNDRUMS 
ASSOCIATED WITH DKA

The management of  DKA has evolved 
over the years so that inpatient morbidity 
and mortality has continued to decrease 
especially after the evolution of  low-dose 
insulin regimen currently being used.[6-14] But 
most data on DKA are based on the younger 
population with mostly DM1. Elderly 
patients present with unique problems 
that add to the complexity with multiple 
clinical conundrums that accompany DKA 
(Figure 1). In a retrospective study by 
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Gilani et al., majority of  the admissions were related to the 
comorbidities and often not because of  diabetes.[15] This is 
often the most complicated part because comorbidities also 
define the morbidity and mortality associated with DKA.[15]

The most common precipitating factors for DKA in 
elderly patients are related to insulin noncompliance and 
comorbidities.[16] It is an arduous task to ensure compliance. 
Change of  insulins has not helped. Lantus and Levemir 
showed that long-acting insulin has not shown to lower 
the incidence of  DKA as compared to NPH .[17] Insulin 
Degludec is an ultra-long-acting insulin in the market since 
2011. At the outset, it sounds promising as it is longer 
acting with half-life of  25 h and sustained action for well 
beyond 42 h. It has hexadecandioyl fatty acid attached 
to lysine at the end of  the B chain of  insulin by glutaryl 
bond. Also, the last amino acid of  the B chain is deleted. 
This structural modification confers it the property of  
forming multihexamers when it is injected subcutaneously. 
Also, it is stabilized in the solution as bihexamers by the 
addition of  phenol and zinc. As zinc and phenol gradually 
dissipate, there is a gradual and steady release of  insulin 
monomers into the circulation. This gives a sustained and 
steady action of  insulin for roughly beyond 42 h. Its role in 
the prevention of  DKA is yet unexplored but does sound 
promising given its pharmacodynamic profile.

Comorbidities often define the morbidity and mortality 
associated with DKA and is the hallmark of  DKA in 
elderly patients. Elderly patients with DM often present 
with sepsis. DM is an immunosuppressed state and patients 
with DM remain at increased risk for DM-related infections 
and sepsis. Sepsis leads to increased reversible secretion of  
cortisol.[18,19] This leads to stress hyperglycemia, which in 
patients with impaired beta cell function could potentially 
precipitate DKA. On the other end of  spectrum are 
patients who are predisposed to hypoglycemia secondary 
to sepsis.[20-25]

Another frequent accompaniment of  DKA in elderly 
patients is atrial fibrillation (AF). It is also observed with 
increased frequency with aging and more commonly in 
elderly patients with DM and vice versa.[26] Poor glycemic 
control in patients with AF is a sign of  poor prognosis 
in stroke patients.[27] The combo of  AF and DM  acts 
synergistically in increasing morbidity and mortality 
associated with AF.[28,29] Acute AF is also a stressful state 
and leads to increased release of  stress hormones such as 
catecholamines, cortisol, and glucagon could potentially 
cause relative deficiency of  insulin.

Polypharmacy is an often-overlooked conundrum that 
often complicates things in more ways than one. It has 

Figure 1: Clinical conundrums in the management of DKA in elderly patients. DKA: diabetic ketoacidosis; AF: atrial fibrillation; AKI: acute kidney injury.
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implicated as one of  the causes of  noncompliance with 
medications. It is also an impediment on focusing on 
drugs that really matter. Healthcare professionals need 
to proactively reconsider the use of  drugs and stop 
many drugs of  questionable benefit. Many cases of  
DKA could be prevented by proactive communication 
with healthcare professional and compliance with 
medications.[11,24,30-32] Polypharmacy also contributes to  
misdiagnosis of  DKA in elderly patients. Nitroprusside-
based urine dipsticks are used for quick diagnosis of  
DKA. Captopril and penicillamine could contribute to 
false-positive results for DKA. False-negative results are 
also possible with nitroprusside test as it does not detect 
β-hydroxyl butyrate, which is the principal ketone in DKA. 
The ratio of  β-hydroxybutyrate to acetoacetic acid is 1:10 in 
DKA. The third ketone is acetone, which is technically not 
an acid and not detected by nitroprusside. This diagnostic 
dilemma could give false reassurance to the patient and lead 
to lapse in the window of  opportunity when DKA could 
be potentially detected. Direct assay of  β-hydroxybutyrate 
levels is more sensitive and specific.[33] But these tests are 
time consuming and not available in all centers.

Another frequent accompaniment of  DKA is nonketotic 
hyperosmolar state (NKHS). The dose of  insulin required 
to suppress lipolysis and ketosis is about 1/10th compared 
to dose required for glucose utilization. Therefore, NKHS 
often coexists with concomitant DKA.

NKHS, nonketotic hyperosmolar state; AF, atrial 
fibrillation; AKI, acute kidney injury; SGLT, sodium 
glucose transporter.

Sodium glucose cotransporter 2 (SGLT2) inhibitor use in 
high-risk elderly population has been shown to reduce all-
cause mortality in high-risk population (EMPA-REG ).[34,35] 
Whether this is a class effect or restricted to empagliflozin 
is not clear.[34] But they need to be used cautiously as they 
are all implicated in euglycemic ketoacidosis. This could 
potentially increase the likelihood of  DKA by 7-fold and 
lead to missing the diagnosis of  DKA in elderly patients.
[36-39] Clinicians need to have low threshold in testing DKA 
in this group of  population because they may be relatively 
symptomatic in early DKA.[40] The clinical conundrum 
faced by clinicians is often the diagnosis and management 
of  euglycemic DKA. Low-dose insulin protocol typically 
recommends starting insulin at a dose of  0.1 units/kg after 
giving a bolus of  the same amount.[41] What insulin dose 
or fluids are needed for resuscitation in SGLT2 inhibitor-
related DKA remains undefined. We recommend starting 
dose of  insulin to be 0.05 units/h and starting dextrose-
containing fluids for rehydration. Again, the timing of  last 
dose of  SGLT2 inhibitor would affect the clinical course 
of  the DKA and management.

Nausea, vomiting, and acute abdomen pain are the most 
common clinical features of  DKA. The acuteness of  
symptoms correlates with the severity of  acidosis.[42] 
But nausea and vomiting are common presentation of  
multiple disease pathologies, and the diagnosis could be 
easily missed. In our experience, elderly patients may 
often have atypical presentation, neurologic symptoms 
often predominate, and GI symptoms may be surprisingly 
incipient . Also hyperventilation is frequently observed in 
severe DKA, which could potentially mislead the clinician 
towards pulmonary or cardiac dysfunction.[43]

Acute kidney injury (AKI) is also a frequent accompaniment 
of  DKA. Glucosuria caused by osmotic diuresis aggravates 
dehydration and ultimate decline in renal function. This 
leads to impaired metabolism of  many drugs including 
insulin and all medication use needs to be reassessed.

Elderly patients frequently have underlying dementia and 
are often on antipsychotics. Patients on antipsychotics 
have higher incidence of  DKA-associated admissions to 
the hospital.[44-46] Antipsychotics per se have the potential 
to cause metabolic syndrome. This is more so with atypical 
antipsychotics that are used more often. When atypical 
antipsychotics are used in people with DM1, they are 
not only at higher risk of  uncontrolled DM but there is 
increased incidence of  DKA.[44-48] Frequent reassessment 
are needed to prevent hyperglycemic complications related 
to atypical antipsychotics.

CONCLUSION

DKA in elderly patients is often masked by various clinical 
conundrums, which may mask the disease pathology 
and lead to a delay in the diagnosis and management of  
DKA. Clinical guidelines aimed specifically addressing 
the management of  DKA in elderly patients could go a 
long way in reducing the morbidity, mortality, and cost 
associated with management of  DKA and its associated 
clinical conundrums.
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