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at risk of hypokalemia. Contrarily, following 
the guidelines may put the DKA patient at risk 
of hyperkalemia.11 To address the issue of time‑
ly yet safe potassium supplementation in DKA, 
we aimed to adjust SK levels to the degree of ac‑
idosis (pH ‑adjusted potassium [pHK] levels) as 
well as to evaluate the association of hypokale‑
mic electrocardiographic changes with pHK and 
other clinical parameters in DKA.

Patients and methods The data of the patients 
with DKA from Universiti Kebangsaan Malaysia 
Medical Centre, collected during 3 years (between 
January 2015 and December 2017) were retro‑
spectively analyzed. Code E1X.1 (X ranging be‑
tween 0 to 4) of the International Statistical Clas-
sification of Diseases and Related Health Problems, 
Tenth Revision was used to identify DKA cases.

Data acquisition Primary data included blood 
gas analysis, renal profile, complete blood count, 
electrocardiographic findings, and ED treatment. 
Secondary data provided information on demo‑
graphics, physical presentation, and medical his‑
tory. An electrocardiogram was considered indic‑
ative of hypokalemia when purely hypokalemic 
changes were reported4,8; multiple abnormalities 
on electrocardiography were regarded as unrelat‑
ed to hypokalemia. With each 0.1 ‑decrease in pH, 
0.6 mmol/l was subtracted from the SK level to 
obtain the pHK level.5

Inclusion criteria All adult DKA patients with 
hyperglycemia, ketone bodies in either blood or 
urine, and acidosis were included in the study. Eu‑
glycemic DKA episodes were also recorded.1 A bi‑
carbonate level ≤18 mmol/l with pH ranging be‑
tween 7.3 and 7.35 rendered the patient acidot‑
ic. Venous blood samples were adjusted by 0.3 for 

Introduction Hypokalemia is a common observa‑
tion in diabetic ketoacidosis (DKA) and it is usu‑
ally associated with insulin deficiency.1 At first, it 
hinders the inflow of serum potassium (SK) from 
extra‑ to intracellular compartments, which trig‑
gers hyperkalemia.2 In the course of progressive 
DKA, hyperglycemia and ketosis ‑induced osmotic 
diuresis increases potassium excretion, contribut‑
ing to potassium depletion in intracellular com‑
partments. Insulin deficiency–mediated increased 
catecholamine levels have a relative effect on po‑
tassium concentration via β ‑adrenoceptors.3,4 
Moreover, potassium loss is increased, as the de‑
gree of acidosis worsens.5 Acidosis has also been 
associated with changes on electrocardiography 
similar to those typical of hypokalemia.3,6 How‑
ever, despite a significant potassium loss, patients 
with DKA present with various degrees of potas‑
sium disturbance on admission, which range from 
normal kalemia to hyperkalemia.

During DKA treatment, insulin forces SK to 
shift to intracellular compartments, and the re‑
maining SK is diluted as a result of intravenous 
fluid reconstitution1,7; this causes clinical hy‑
pokalemia in patients with DKA. In emergen‑
cy departments (EDs), this type of hypokalemia 
is promptly monitored using electrocardiogra‑
phy.4,8 However, as this modality mainly does 
not reflect potassium loss in extracellular com‑
partments, the ratio of potassium concentra‑
tions in extra‑ and intercellular compartments 
is crucial to determine hypokalemic electrocar‑
diographic changes.9 Therefore, much time is re‑
quired to obtain a stable electrocardiogram and 
avoid cardiovascular risk. Considering the sig‑
nificance of SK concentration, DKA treatment 
guidelines still recommend physicians to initi‑
ate potassium replacement if its level falls be‑
low 5.5 mmol/l1,7,10; such a measure puts patients 
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and a median (IQR) bicarbonate level of 10.7 
(8.3–14.4) mmol/l. Median (IQR) white blood 
count and pulse rate were higher than normal, 
ie, 14.6 × 103/µl (10.3–18 × 103/µl) and 108 (98–
126) bpm, respectively. The remaining biochem‑
ical and physical profiles of the study patients 
were unremarkable.

Treatment and potassium ‑associated parameters  
The median (IQR) levels of SK and pHK were 4.8 
(4.1–5.5) mmol/l and 3.8 (3.1–4.4) mmol/l, re‑
spectively. The study patients developed hypo‑
kalemia within a median (IQR) time of 9 (5–17) 
hours from admission, with a median (IQR) SK 
level of 3.2 (3–3.5) mmol/l. A total of 37.6% of 
the patients experienced hypokalemia during 
pH normalization. The median (IQR) length of 
stay in the ED was 8 (5–14) hours, during which 
most patients (98.8%) received continuous intra‑
venous insulin infusion at a median (IQR) rate of 
6 (3–6) units per hour. More than 1/3 of the pa‑
tients (38.8%) received potassium supplemen‑
tation during their stay in the ED, according to 
the DKA treatment guidelines.1,7,10

Hypokalemic changes on electrocardiography  
The multivariable regression model indicated 
3 variables significantly affecting hypokalemic 
changes on an electrocardiogram: pHK (odds ra‑
tio [OR], 0.42; 95% CI, 0.18–0.98), units of insu‑
lin per hour (OR, 0.58; 95% CI, 0.36–0.94), and 
age (OR, 1.04; 95% CI, 1–1.09) (TAbLE 1).

Discussion The pHK level showed the great‑
est change in the electrocardiographic pat‑
tern: with each unit decrease, chances to record 
a hypokalemia ‑induced change on an electrocar‑
diogram increased by almost 58%. As this val‑
ue is derived from pH and SK, it was expected 
that both of these parameters may also influ‑
ence hypokalemic electrocardiographic changes 
due to the pathophysiology of DKA. The initial, 
diminished shift of SK from extra‑ to intracellular 

pH and 0.52 mmol/l for bicarbonate to consider 
them as arterial blood gas values.12

Exclusion criteria We excluded patients with in‑
complete ED records in primary data, younger 
than 18 years of age, managed by a pediatric team, 
treated for gestational diabetes–induced DKA, 
pregnant during DKA, with a history of cardio‑
vascular disease, admitted due to cardiovascular 
disease, or taking medication known to influence 
hypokalemic changes on electrocardiography.8

Statistical analysis Statistical analysis was per‑
formed using the SPSS package for social sciences, 
version 23 (IBM Corp., Armonk, New York,United 
States). Univariable logistic regression was used 
to determine the effect of an independent vari‑
able on the outcome, ie, hypokalemic electro‑
cardiographic changes, with 95% CI. Variables 
with P value ≤0.2 were entered in the multivari‑
able regression model to ascertain their strength 
against confounding variables. The performance 
of the model was recorded using a receiver oper‑
ating characteristic curve, based on probabili‑
ties derived from the multiple regression model. 
A P value less than 0.05 was considered signifi‑
cant. Data were expressed as median and inter‑
quartile range (IQR).

Ethics The study was approved by Monash Uni‑
versity (MUHREC ‑2 018 ‑13 643), Universiti Ke‑
bangsaan Malaysia (NF ‑RES ‑2018 ‑15), and Uni‑
versiti Kebangsaan Malaysia Medical Centre (JEP‑
‑2018 ‑145). No patient consent was required in 
this study.

Results Objective observations Eighty ‑five pa‑
tients fulfilled the inclusion criteria (Supplemen‑
tary material, Figure S1). Median (IQR) blood glu‑
cose and ketone levels on admission were 30.9 
(23.6–38.5) mmol/l and 4.3 (3–5.9) mmol/l, re‑
spectively. The study patients were moderately 
acidotic with median (IQR) pH at 7.22 (7–7.28) 

TAbLE 1 Impact of physical and biochemical parameters as well as therapeutic procedures used in the emergency 
department on electrocardiographic changes associated with hypokalemia

Variable Univariable logistic regression Multivariable logistic regression

OR 95% CI P value OR 95% CI P value

Baseline characteristics

Age 1.022 0.989–1.056 0.18 1.045 1.002–1.09 0.04

Arterial pCO2 0.955 0.894–1.02 0.17 0.981 0.919–1.047 0.56

Sodium 0.942 0.871–1.018 0.13 0.907 0.817–1.007 0.06

pH ‑adjusted potassium 0.645 0.371–1.122 0.12 0.42 0.18–0.98 0.04

Therapeutic indicators

Insulin units administered in the ED 0.678 0.462–0.995 0.047 0.581 0.368–0.918 0.02

Model summary

R2 (Nagelkerke) – 0.481

R2 (Cox and Snell) – 0.314

Hosmer–Lemeshow significance – 0.91

Abbreviations: ED, emergency department; OR, odds ratio; pCO2, partial pressure of carbon dioxide
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Therefore, during DKA treatment, insulin is avail‑
able to get potassium from extra‑ to intracellular 
compartments, thereby causing abrupt potassi‑
um loss in extracellular compartments. Besides 
affecting cardiovascular outcomes, insulin ad‑
ministration is related to the cumulative number 
of days of hospitalization for DKA.7 The higher 
the volume of insulin administered during a giv‑
en unit of time, the greater the potassium influx 
and, hence, a greater number of insulin units per 
hour precipitated hypokalemic changes on elec‑
trocardiography during a DKA episode.

Age had the weakest effect (10%) on hypokale‑
mic electrocardiographic changes. Since diabetes 
is often concurrently accompanied by metabol‑
ic and cardiovascular comorbidities, these com‑
plications directly relate to cardiac dysfunction, 
which, in turn, may cause significant morbidity 
among patients. Nevertheless, a low risk of bias 
can be attributed to this minimal effect, as pa‑
tients with a history of cardiovascular disease in‑
terfering with electrocardiographic findings were 
excluded from the study cohort.

To date, this is the first study on the adjust‑
ment of the SK level to the degree of acidosis and 
its association with hypokalemic changes on elec‑
trocardiography in patients with DKA. Our find‑
ings reaffirmed clear hypokalemic electrocardio‑
graphic changes in patients with DKA and, for 
the first time, indicated that the pHK level, rath‑
er than the SK level, is a significant indicator of 
such outcome. Using pHK as a marker of hypoka‑
lemia, it is possible to avoid hypokalemia ‑induced 
cardiac stress in patients monitored with electro‑
cardiography and, thereby, improve overall and 
cardiovascular outcomes in DKA.

SuPPLEmEnTARy mATERIAL

Supplementary material is available at www.mp.pl/paim.
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