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Abstract
Although recent data have shown a declining trend in mortality in diabetic ketoacidosis (DKA), the outcomes are likely to

be different during the coronavirus (COVID-19) pandemic. We conducted a prospective cohort study to evaluate the

spectrum and outcomes of adult DKA during the pandemic and document differences in DKA patients with or without

COVID-19. A total of 169 patients (mean age 44 years) were admitted at the Emergency Department of PGIMER,

Chandigarh (India), from January 2020 to June 2021. The precipitating factors were noncompliance with antidiabetic ther-

apy (77.5%), infections (62.7%), and noninfectious conditions (21.3%). Thirty-nine (23.1%) patients had COVID-19, includ-

ing 31 with severe infection. DKA severity and resolution, ventilator requirement, hospital stay, and mortality were similar

in the patients with or without COVID-19. In-hospital mortality was 39.6% (n= 67). The independent mortality predic-

tors were ventilator requirement (p-0.000), an infection trigger (p-0.049), and hyperosmolarity (p-0.048). DKA mortality

is increased significantly during the pandemic.

Keywords
diabetic ketoacidosis, coronavirus disease 2019, COVID-19, noncompliance, predisposition, mortality

Introduction

Diabetes mellitus (DM) is a significant public health problem
worldwide, and with about 17% of total global cases, India
has the dubious distinction of being the diabetic capital of
the world.1,2 Diabetic ketoacidosis (DKA) is a hyperglycemic
crisis frequently requiring admission to emergency depart-
ment (ED) and critical care units. This life-threatening condi-
tion is usually precipitated by exogenous insulin deficiency
(poor compliance or poor control) and infections (mainly pul-
monary, urinary tract, or skin and soft tissue).3–6 Global and
recent Indian data have shown a declining trend in mortality
in DKA patients down to <1%.2,5–7

During the coronavirus (COVID-19) pandemic, the care
of the diabetic population has been severely affected
because of health care setting closures and public health
measures to prevent the spread of COVID-19. A delay in
the diagnosis, poor adherence to prescribed antidiabetic
medications, or poor glycemic control have all probably
increased acute (e.g. DKA) or chronic (e.g. micro- or macro-
vascular disease) complications. Moreover, a potential dia-
betogenic effect of severe acute respiratory syndrome

coronavirus (SARS-CoV) is well described and postulated
through its tropism to angiotensin-converting enzyme-2
receptors, expressed in β-cells, microvasculature, and ductal
cells of the pancreas.8–10

This study tries to investigate the impact of the
COVID-19 pandemic on DKA. We investigate the clinical
and laboratory profile and outcomes of DKA patients
during the pandemic in north India. We also study the dif-
ferences in presentation and outcomes in DKA patients with
and without COVID-19 infection.
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Methods

Ours was a hospital-based prospective observational study
conducted in the ED (Department of Internal Medicine) of
PGIMER, Chandigarh, an academic hospital in north India,
from 1st January 2020 to 30th June 2021. Patients aged 18
years and above with a diagnosis of DKA were included.
Ethical clearance was obtained from the institution’s
ethical review committee (INT/IEC/2021/SPL-1013). We
received written, informed consent from all study patients
or the legally authorized representative if the patient could
not give consent. There was no financial support or
funding source for the study.

Enrolled patients underwent history taking, physical
examination, and the relevant laboratory testing. The esti-
mation of plasma glucose and ketone (beta-
hydroxybutyrate) levels was done with the capillary prick
method using test strips and an electrochemical principle
system. Venous blood (preferably from a central line) was
used instead of capillary blood in patients with hypotension.
Other basic investigations included blood gas analysis, com-
plete blood count (hemoglobin, leukocytes, and platelets), bio-
chemistry panel (serum electrolytes, blood urea, creatinine,
and bilirubin), chest radiography, and electrocardiography.
Additional diagnostic investigations, such as cultures or micro-
scopic examinations of blood or other body fluids, radioimaging
(ultrasonography, computed tomography), glycated hemoglo-
bin, or serological studies, were performed as appropriate.

Anion gap (mEq/L)=Na+-[(Cl−)+ (HCO3
−)] (reference

range, 10+ 2 mEq/L). Effective plasma osmolality
(mOsm/kg)= 2 x measured Na+ (mEq/L)+Glucose (mg/
dL)/18 (normal range, 285–295 mOsm/kg).

Based on American Diabetes Association (ADA) cri-
teria, DKA was diagnosed with plasma glucose ≥
14mmol/L, blood pH ≤ 7.30, bicarbonate ≤ 18 mEq/L,
serum anion gap >10 mEq/L, and presence of ketosis
(plasma ketone >3 mmol/L).11 DKA patients with plasma
glucose >600 mg/dL and plasma osmolarity >320 mOsm/
kg were defined as combined DKA/HHS (hyperosmolar
hyperglycemic syndrome).11,12 The severity of DKA was
defined according to the blood pH, i.e., mild DKA- pH
7.25-7.30, moderate- pH 7.00-7.24, and severe- pH
<7.00.11 Criteria for resolution of DKA include a plasma
glucose <11mmol/L and at least 2 of the following criteria:
normalization of the anion gap, a pH >7.3, and serum bicar-
bonate > 15 mEq/L.11

DM was classified according to World Health
Organization criteria.13 Tachycardia was defined with heart
rate >100 beats/ minutes, and hypotension with systolic
blood pressure <90 mm Hg or mean arterial pressure
<65 mm Hg. A white blood cell count >11×109 /L was
taken as leucocytosis. For electrolyte disorders, we used
serum sodium levels <135 mEq/L for hyponatremia, >145
mEq/L for hypernatremia, serum potassium levels <3.5
mEq/L for hypokalemia, and >5.5 mEq/L for hyperkalemia.

The study patients were treated according to the standard
guidelines. DKAmanagement was according to ADA state-
ments.11 Infections were managed with usual care following
the guidelines of the ‘Surviving Sepsis Campaign’.14 The
patients received empirical antimicrobial agents at the dis-
cretion of treating clinicians. The diagnosis, defining sever-
ity, and management of COVID-19 was modified according
to the available recommendations by the Infectious Diseases
Society of America and the National Institutes of Health
during the pandemic.15,16 All patients were followed
throughout their hospital stay. Outcomes were recorded as
the time required for resolution of DKA, in-hospital death
or survival, and length of hospital stay (days).

All statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS), version 25 for
Mac. The discrete data were recorded as frequency and per-
centage, and continuous data as mean+ standard deviation
(SD) or median with interquartile range (IQR). The study
patients were divided into two groups based on the presence
or absence of COVID-19 infection, i.e., COVID-19 and
non-COVID-19. Between-group differences in the categor-
ical variables were evaluated using the Chi-square test or
the Fisher exact test. Differences in the continuous variables
were analyzed using the analysis of variance (ANOVA)
test, the unpaired Student t-test, or the Mann-Whitney U
test. Multivariate logistic regression was performed to
predict mortality after adjusting for other factors, and
odds ratio (OR) and 95% confidence interval (CI) were cal-
culated. All the hypothesis tests were two-sided. Statistical
significance was considered for P-value <0.05.

Results

A total of 169 patients with DKA were enrolled. The most
common type of DM was type 2 (n= 91, 53.8%), followed
by type 1 (n= 54, 32.0%), chronic pancreatitis (n= 7,
4.1%), latent autoimmune diabetes in adults (n= 4, 2.4%),
steroid-induced (n= 2, 1.2%), and unclassified (n= 11,
6.5%). DKA was the first presentation of DM in 24
(18.9%). The remaining 145 patients had a median dur-
ation of 6 years (IQR, 3.0-10.0) of pre-existing DM,
including 45 (26.6%) with micro- or macrovascular complica-
tions and 17 (10.1%) with previous episodes of DKA (i.e.
recurrent DKA during the current admission). A total of 39
(23.1%) patients were diagnosed asCOVID-19with a positive
result on real-time reverse-transcriptase-polymerase chain
reaction testing for SARS-CoV-2 of the nasopharyngeal
swab or endotracheal aspirate samples. Table 1 shows
the study patients’ baseline sociodemographic and clinical
characteristics, including comparing COVID-19 and
non-COVID-19 groups. No between-group differences
were apparent for DKA parameters and basic laboratory pro-
files (Table 2).

The precipitating factors for DKA were noncompliance
with antidiabetic therapy (n= 131, 77.5%), infections (n=
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106, 62.7%), and non-infectious conditions (n= 36, 21.3%),
including 101 (59.8%) patients with more than one triggers.
In the COVID-19 group, 79.5% (n= 31) had a severe infec-
tion, including associated rhino-orbital mucormycosis, pul-
monary mucormycosis, and pulmonary aspergillosis
each in one. 20.5% (n = 8) had a mild or asymptomatic
COVID-19 infection, including associated cellulitis
and cholangitis in each one. Respiratory infections (n
= 25) also remained prevalent in non-COVID-19
group, including community-acquired pneumonia (n =
16), tuberculosis (n= 7), mucormycosis (n = 1), and
Pneumocystis jirovecii (n= 1). Other infectious syn-
dromes were complicated urinary tract infections (n =
20), skin and soft tissue infections (n=9), rhino-orbital
mucormycosis (n=5), sepsis of unknown primary focus (n
= 3), acute meningoencephalitis (n= 2), dengue (n= 1),
and multisite infections (n= 2). 96.4% (n= 163) study
patients received empirical antibiotics, but only 25.4% (n
= 43) had bacterial infections. Non-infectious triggers in

the study patients were infarction (n=18; 10 coronary, 8
cerebral), cardiac arrhythmia and/or heart failure (n=6),
acute pancreatitis (n= 5), gastro-intestinal ulcer bleed (n=
3), intracerebral haemorrhage (n= 2), and epilepsy (n= 2).
Non-infectious causes were present in 19 out of 44
(43.2%) older patients with DKA.

39.6% of DKA patients died. On univariate analysis,
the baseline parameters associated with mortality in
DKA are shown in Table 3. Among patients requiring
ventilator requirement at admission (p- 0.000), an infec-
tion trigger (p- 0.049), and high serum osmolarity (p-
0.048), were found to be the independent predictors
on a multivariate regression analysis after adjusting
for other factors (Table 3). Overall, mortality was
more in the COVID-19 group but this was not statistic-
ally significant. The median time required for DKA
resolution (36 h) and duration of hospital stay (5 days)
were similar in patients with or without COVID-19
(Table 4).

Table 1. Baseline sociodemographic and clinical characteristics of the adult patients with DKA with a comparison between COVID-19

and non-COVID-19 groups.

Parameter Total (n= 169) COVID-19 (n= 39) Non-COVID-19 (n= 130) P- value

Age (years) (mean± SD) 43.7± 17.0 46.9± 17.1 42.7± 16.9 0.180

Older age >60 years (n, %) 44 (26.0%) 13 (33.3%) 31 (23.8%) 0.236

Males (n, %) 92 (54.4%) 16 (41.0%) 76 (58.5%) 0.055

Diabetes mellitus types (n, %)

Type 1

Type 2

Othersa

54 (32.0%)

91 (53.8%)

24 (14.2%)

10 (25.6%)

25 (64.1%)

4 (10.3%)

44 (33.8%)

66 (50.8%)

20 (23.1%)

0.321

DKA as first presentation of diabetes mellitus (n, %)

Pre-existing diabetes mellitus (n, %)

26 (15.4%)

143 (84.6%)

2 (5.1%)

37 (94.9%)

24 (18.5%)

106 (81.5%)

0.043

Medical comorbidities (n, %)

Hypertension

Othersb

None

47 (27.8%)

26 (15.4)

105 (62.1%)

13 (33.3%)

7 (17.9)

22 (56.4%)

34 (26.2%)

19 (14.6)

83 (63.8%)

0.401

Shortness of breath (n, %) 102 (60.4%) 29 (74.4%) 73 (56.2%) 0.042
Altered mental status (n, %) 87 (51.5%) 15 (38.5%) 72 (55.4%) 0.064

Nausea and vomiting (n, %) 84 (49.7%) 17 (43.6%) 67 (51.5%) 0.384

Abdominal pain (n, %) 71 (42.0%) 8 (20.5%) 63 (48.5%) 0.002
Fever (n, %) 71 (42.0%) 22 (56.4%) 49 (37.7%) 0.038
Cough (n, %) 26 (15.4%) 13 (33.3%) 13 (10.0%) 0.000
Polydipsia or polyuria (n, %) 11 (6.5%) 1 (2.6%) 10 (7.7%) 0.255

Pulse (per min) (mean± SD) 112.7± 22.8 112.1± 23.0 112.9± 22.8 0.849

Tachycardia (n, %) 117 (69.2%) 25 (64.1%) 92 (70.8%) 0.429

Systolic blood pressure (mm Hg) (mean± SD) 111.6± 26.0 121.4± 24.5 108.6± 25.9 0.007
Diastolic blood pressure (mm Hg) (mean± SD) 68.9± 17.9 73.0± 13.6 67.6± 18.8 0.098

Mean arterial pressure (mm Hg) (mean± SD) 68.2± 19.6 73.7± 19.1 66.6± 19.5 0.045
Hypotension (n, %) 83 (49.1%) 16 (41.0%) 67 (51.5%) 0.249

GCS score (median, IQR) 13 (9.0-15.0) 14 (9.0-15.0) 12 (8.7-15.0) 0.160

GCS score ≤8 (n, %) 41 (24.3%) 9 (23.1%) 32 (24.6%) 0.844

Need of invasive ventilation (n, %) 36 (21.3%) 8 (20.5%) 28 (21.5%) 0.891

aOthers include chronic pancreatitis (n= 7), latent autoimmune diabetes in adults (n= 4), steroid-induced (n= 2), and unclassified (n= 11).
bOthers include hypothyroidism (n= 7), previous tuberculosis (n= 7), epilepsy (n= 3), celiac disease (n= 2) malignancy (n= 2), and post-renal transplant (n= 2),
chronic hepatitis B or C (n= 2), and psychiatric disorders (n= 1).
Abbreviation: COVID-19- coronavirus disease 2019, DKA- diabetic ketoacidosis, GCS- Glasgow coma scale
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Discussion

Our study is an extensive series on DKA during the
COVID-19 pandemic from a single-center, which pro-
vides the effects and consequences of the pandemic
on the hyperglycemic crisis. Noncompliance with anti-
diabetic therapy was the most common trigger for
DKA. Infections were the next common predisposi-
tions, with COVID-19 being the single most important
infection. DKA patients with COVID-19 predominantly
had respiratory symptoms and fever than typical features of
ketoacidosis (e.g. abdominal pain, vomiting), which were
prominent in the non-COVID-19 group. However, the sever-
ity of DKA, laboratory profile, the median time required
for DKA resolution, and length of hospital stay were
similar. We found considerably high DKA mortality during
the pandemic. The mortality was associated with ventilator
requirement at admission, an infection trigger, and
hyperosmolarity.

Table 2. Baseline laboratory characteristics of the adult patients with DKAwith a comparison between COVID-19 and non-COVID-19

groups.

Parameter Total (n= 169) COVID-19 (n= 39) Non-COVID-19 (n= 130) P- value

Plasma glucose (mg/dL)

(median, IQR)

450.0

(360.5 - 575.5)

467.0 (369.0 - 623.0) 446.0 (360.0 - 565.2) 0.485

Serum ketone (mmol/L) (mean± SD) 5.1± 1.1 5.1± 1.2 5.1± 1.1 0.998

Blood pH (median, IQR)

pH 7.25 - 7.30 (mild DKA) (n, %)

pH 7.0 - 7.24 (moderate DKA) (n, %)

pH <7.0 (severe DKA) (n, %)

7.19 (7.00 - 7.26)

48 (28.4%)

80 (47.3%)

41 (24.3%)

7.20 (6.99 - 7.27)

13 (33.3%)

16 (41.0%)

10 (25.6%)

7.18 (7.01 - 7.27)

35 (26.9%)

64 (49.2%)

31 (23.8%)

0.722

0.637

Bicarbonate (mmol/L)

(mean± SD)

7.8 (4.0 - 12.0) 9.2 (3.6 - 13.0) 7.2 (4.0 - 12.0) 0.457

Anion gap (mEq/L) (median, IQR) 24.0 (20.0 - 30.0) 26.0 (20.0 - 29.0) 24.0 (19.7 - 30.2) 0.930

Plasma osmolality (mOsm/kg)

(mean± SD)

315.4± 32.6 311.0± 22.3 316.7± 35.0 0.344

Combined DKA/HHS (n, %) 18 (17.7%) 5 (12.8%) 13 (10.7%) 0.576

Hemoglobin (g/dL) (mean± SD) 11.3± 2.6 11.0± 2.1 11.4± 2.7 0.472

Total leucocyte count (per µL)

(median, IQR)

16000

(11850.0 - 20750.0)

15200

(12300.0 - 21600.0)

16200

(11700.0 - 20525.0)

0.661

Leucocytosis (n, %) 131 (77.5%) 32 (82.1%) 99 (76.2%) 0.439

Platelet count (per µL) (median, IQR) 240000

(179000.0 - 331500.0)

290000

(190000.0 - 355000.0)

235000

(171250.0 - 320000.0)

0.205

Sodium (mEq/L) (mean± SD) 136.2± 9.4 135.1± 9.4 136.6± 9.4 0.394

Hyponatremia (n, %) 74 (43.8%) 18 (46.2%) 56 (43.1%) 0.734

Hypernatremia (n, %) 28 (16.6%) 4 (10.3%) 24 (18.5%) 0.227

Potassium (mEq/L) (mean± SD) 4.6± 1.2 4.8± 1.0 4.5± 1.2 0.212

Hypokalemia (n, %) 31 (18.3%) 4 (10.3%) 27 (20.8%) 0.137

Hyperkalemia (n, %) 35 (20.7%) 8 (20.5%) 27 (20.8%) 0.972

Chloride (mEq/L) (mean± SD) 103.0± 11.5 101.1± 11.0 103.6± 11.6 0.237

Blood urea (mg/dL) (median, IQR) 73.0 (39.0 -118.5) 82.0 (48.0 -117.0) 67.0 (36.7 - 121.2) 0.356

Creatinine (mg/dL) (median, IQR) 1.5 (0.9 - 2.9) 1.7 (1.1 - 3.0) 1.3 (0.8 - 2.9) 0.091

Bilirubin (mg/dL) (median, IQR) 0.5 (0.3 - 0.7) 0.5 (0.4 - 0.6) 0.4 (0.3 - 0.7) 0.382

Glycated hemoglobin (%)

(mean± SD) (n= 93)

13.2± 3.5 14.0± 3.6 13.0± 3.5 0.252

Abbreviation: COVID-19- coronavirus disease 2019, DKA- diabetic ketoacidosis, HHS- hyperosmolar hyperglycemic syndrome

Table 3. Multivariate logistic regression analysis of baseline

parameters predicting mortality in adult DKA patients.

Parameter OR (95% CI) p-value

Older age >60 years (n, %) 0.960 (0.237 - 3.883) 0.955

Pre-existing type 2 diabetes

mellitus (n, %)

0.614 (0.168 - 2.251) 0.462

Recurrent DKA (n, %) 0.159 (0.013 - 1.915) 0.148

Altered mental state (n, %) 1.188 (0.354 - 3.991) 0.780

Hyponatremia (n, %) 1.492 (0.388–3.991) 0.561

Blood urea (mg/dL)

(median, IQR)

1.006 (0.995 - 1.017) 0.282

Serum osmolality (mOsm/L)

(mean± SD)

1.027 (1.000 - 1.055) 0.048

Infection trigger for DKA (n, %) 4.404 (1.007 - 19.250) 0.049
Infection trigger other than

COVID-19 (n, %)

0.692 (0.185 - 2.594) 0.585

Need of invasive ventilation at

admission (n, %)

287.725

(30.694 - 2697.170)

0.000

Abbreviation: COVID-19- coronavirus disease 2019, DKA- diabetic ketoacidosis

378 Tropical Doctor 52(3)



DKA was previously considered a hallmark of type 1
DM but is increasingly associated with type 2 DM, as
evident by more than half of cases being type 2 DM and
more than one-fourth of older patients in the study.4,5

About 15% of patients had new-onset DM presenting as
DKA. COVID-19 patients usually had pre-existing DM,
frequently type 2, as observed in other reports.17,18 In the
COVID-19 group, symptoms like shortness of breath,
fever, and cough outnumbered the features of ketoacidosis
(e.g. abdominal pain, altered mental status, nausea and
vomiting, and low blood pressure), which were typically
seen in the patients without COVID-19. However, the two
groups were similar in at-admission ventilator requirement,
DKA severity, and baseline laboratory characteristics.

Noncompliance with antidiabetic therapy was the most
common trigger for DKA. A prevalence of 78% was much
higher than previously observed, which might be attributed
to the poor access or adherence to the medications and
lack of regular medical follow-up during the pandemic.2–6

Infections (63%) were the common predisposition, and
COVID-19 (23%) remained the most prevalent infection.
Concurring with previous studies, infections other than
COVID-19 were similar in frequency (40%) and types
(most commonly affecting respiratory or urinary tract).2–6

Our study strengthens the previous observation that tubercu-
losis and mucormycosis (with or without COVID-19) are
important infections in DM and DKA.2,19 DKA in older
patients was frequently associated with noninfectious condi-
tions, such as cardiac emergencies and stroke. Given the
infections are common triggers and sepsis identifying
tools (e.g. Systemic Inflammatory Response Syndrome cri-
teria) have poor specificity in the setting of DKA, ED phy-
sicians frequently prescribe empirical antibiotics.2–4,20,21 A
large majority of our patients received empirical antibio-
tics, but only one quarter had bacterial infections. These
results invite further study to pave the way for an antibiotic
stewardship program in DKA.

Worldwide and our centre’s previous data showed a DKA
mortality of <1% in the recent pre-COVID-19 era.2,5–7 The
much higher mortality in our study is probably attributed to
the impact of the pandemic on DKA.17,18 The ED and inten-
sive care units, where DKA is primarily managed, are occu-
pied mainly by the COVID-19 cases.22 Moreover, the
patients had to spend more time in the emergency room,
waiting for a COVID-19 report before being further

transferred accordingly. Thus, the intensive care management
of DKA seems to have been compromised during the pan-
demic, which was reflected by ventilator requirement at
admission as the strongest predictor of mortality in this
study. Furthermore, hyperosmolality remained a worse prog-
nostic sign, which typically requires careful fluid and electro-
lyte management with frequent monitoring of mental status
and laboratory parameters.5

Confirming other recent observations, COVID-19
patients with DKA had severe infection with >50% mortal-
ity.12,17,18,23–26 Because COVID-19 worsens hypergly-
cemia and causes ketoacidosis, and the presence of DKA
further predisposes the development of acute respiratory
distress syndrome (ARDS) and other organ failures, the
combination acts as a vicious cycle in COVID-19
patients.17,18,27 A few modifications in DKA management
are advised during the pandemic, such as frequent subcutane-
ous rather than an intravenous infusion of rapid-acting insulin
(given the paucity of nursing staff in resource constraint set-
tings) and conservative fluid therapy in severe COVID-19 if
associated with ARDS or acute kidney injury.28,29

Limitations

Though our study has a reasonable sample size, it is difficult to
generalize the findings because of single tertiary-care center
observation. Because the COVID-19 peaks during the study
period might have significantly impaired the ability to
provide a standard of care to DKA patients, the outcomes
will vary according to the pandemic severity. We did not
evaluate patients for euglycemic DKA and study a predispos-
ition by sodium-glucose co-transporter-2 inhibitor agents.

Conclusion

Our study confirms that the COVID-19 pandemic has sig-
nificant adverse effects and consequences on DKA.
Noncompliance and infections are frequent precipitating
causes. DKA severity and resolution, ventilator require-
ment, hospital stay, and mortality are similar in the patients
with or without COVID-19. The mortality in DKA is
increased significantly during the pandemic, with ventilator
requirement, an infection trigger, and hyperosmolarity
being strong mortality predictors. Prevention and treatment
of DKA remain challenging during the pandemic and may

Table 4. Outcomes of DKA with a comparison between the COVID-19 and non- COVID-19 groups.

Parameter Total (n= 169) COVID-19 (n= 39) Non-COVID-19 (n= 130) P- value

Time required for resolution of DKA (hours)

(median, IQR)

36.0 (24.0-48.0) 36 (24-54) 36 (24-48) 0.912

In-hospital mortality (n, %) 67 (39.6%) 20 (51.3%) 47 (36.2%) 0.090

Length of stay (days) (median, IQR) 5 (3- 10) 5 (6-11) 5 (3-9) 0.736

Abbreviation: COVID-19- coronavirus disease 2019, DKA- diabetic ketoacidosis.
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need modification according to the limited available
resources.
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(INT/IEC/2021/SPL-1013).
Consent to participate: We obtained written, informed
consent from all study patients or the legally authorized rep-
resentative in case the patient is unable to give consent.

Acknowledgements
Authors thank Mrs. Sunaina Verma for her help in statistics.

Author contributions
RK: collected patient data, drafted the manuscript
AS: revised the manuscript
AKP: analyzed the data, drafted and revised the manuscript, super-
vised the project
NS: revised the manuscript
PD: revised the manuscript
MK: revised the manuscript

ORCID iDs
Atul Saroch https://orcid.org/0000-0001-9723-6500
Ashok Kumar Pannu https://orcid.org/0000-0002-4476-3478
Mohan Kumar MD https://orcid.org/0000-0003-4426-9610

References
1. Global report on diabetes. Geneva: World Health Organization;

2016. Available at: https://www.who.int/publications/i/item/
9789241565257. Accessed May 3, 2021.

2. Singh H, Saroch A, Pannu AK, et al. Clinical and biochemical
profile, precipitants and prognostic factors of diabetic ketoaci-
dosis: a retrospective study from a tertiary care center of north
India. Diabetes Metab Syndr 2019;13:2357–2360.

3. Kitabchi AE, Umpierrez GE, Fisher JN, et al. Thirty years of per-
sonal experience in hyperglycemic crises: diabetic ketoacidosis
and hyperglycemic hyperosmolar state. J Clin Endocrinol
Metab 2008;93:1541–1552.

4. Fayfman M, Pasquel FJ and Umpierrez GE. Management
of hyperglycemic crises: diabetic ketoacidosis and hypergly-
cemic hyperosmolar state. Med Clin North Am 2017;101:587–
606.

5. Kitabchi AE, Umpierrez GE, Miles JM, et al. Hyperglycemic
crises in adult patients with diabetes. Diabetes Care 2009;32:
1335–1343.

6. Nyenwe EA and Kitabchi AE. The evolution of diabetic
ketoacidosis: an update of etiology, pathogenesis and man-
agement. J Metab Clin Exp 2016;65:507–521.

7. Benoit SR, Zhang Y, Geiss LS, et al. Trends in diabetic ketoa-
cidosis hospitalizations and in-hospital mortality-United
States, 2000–2014. Morb Mortal Wkly Rep 2018;67:362.

8. Yang J-K, Lin S-S, Ji X-J, et al. Binding of SARS coronavirus
to its receptor damages islets and causes acute diabetes. Acta
Diabetol 2010;47:193–199.

9. Rubino F, Amiel SA, Zimmet P, et al. New-Onset diabetes in
covid-19. N Engl J Med 2020;383:789–790.

10. Fignani D, Licata G, Brusco N, et al. SARS-CoV-2
receptor angiotensin I-converting enzyme type 2 (ACE2)
Is expressed in human pancreatic β-cells and in the human
pancreas microvasculature. Front Endocrinol
2020;11:596898.

11. Kitabchi AE, Umpierrez GE, MurphyMB, et al. Hyperglycemic
crises in adult patients with diabetes: a consensus statement
from the American diabetes association. J Diabetes Care
2006;29:2739–2748.

12. Chan KH, Thimmareddygari D, Ramahi A, et al. Clinical
characteristics and outcome in patients with combined
diabetic ketoacidosis and hyperosmolar hyperglycemic state
associated with COVID-19: a retrospective, hospital-based
observational case series. Diabetes Res Clin Pract
2020;166:108279.

13. Classification of diabetes mellitus. Geneva: World Health
Organization; 2019. Available from: https://www.who.int/
publications/i/item/classification-of-diabetes-mellitus. Accessed
May 3, 2021.

14. Rhodes A, Evans LE, Alhazzani W, et al. Surviving sepsis cam-
paign: international guidelines for management of sepsis and
septic shock: 2016. Crit Care Med 2017;45:486–552.

15. Bhimraj A, Morgan RL, Shumaker AH, et al. Infectious dis-
eases society of america guidelines on the treatment and man-
agement of patients with COVID-19. Clin Infect Dis 2020;
ciaa478. [Epub ahead of print, 2020 Apr 27].

16. Coronavirus Disease 2019 (COVID-19) Treatment
Guidelines. National Institute of Health; 2021. Available
at: https://www.covid19treatmentguidelines.nih.gov. Accessed
May 3, 2021.

17. Pal R, Banerjee M, Yadav U, et al. Clinical profile and out-
comes in COVID-19 patients with diabetic ketoacidosis: a
systematic review of literature. Diabetes Metab Syndr Clin
Res Rev 2020;14:1563–1569.

18. Pasquel FJ, Messler J, Booth R, et al. Characteristics of and
mortality associated With diabetic ketoacidosis Among US
patients hospitalized With or without COVID-19. JAMA
Netw Open 2021;4:e211091.

19. Pannu AK, Saroch A, Singla V, et al. Clinical spectrum, eti-
ology and outcome of infectious disease emergencies in
adult diabetic patients in northern India. Diabetes Metab
Syndr 2020;14:921–925.

20. Blanchard F, Charbit J, Van der Meersch G, et al. Early sepsis
markers in patients admitted to intensive care unit with
moderate-to-severe diabetic ketoacidosis. Ann Intensive
Care 2020;10:58.

21. Gassiep I, Bachmeier C, Hendry S, et al. Antimicrobial stew-
ardship in diabetic ketoacidosis: a single–centre experience.
Intern Med J 2020;50:173–177.

22. Pannu AK, Kumar M, Singh P, et al. Severe acute
respiratory infection surveillance during the initial phase of the
COVID-19 outbreak in north India: a comparison of
COVID-19 to other SARI causes. Indian J Crit Care Med
2021;25:761–767.

23. Kempegowda P, Melson E, Johnson A, et al. Effect of
COVID-19 on the clinical course of diabetic ketoacidosis
(DKA) in people with type 1 and type 2 diabetes. Endocr
Connect 2021;10:371–377.

380 Tropical Doctor 52(3)

https://orcid.org/0000-0001-9723-6500
https://orcid.org/0000-0001-9723-6500
https://orcid.org/0000-0002-4476-3478
https://orcid.org/0000-0002-4476-3478
https://orcid.org/0000-0003-4426-9610
https://orcid.org/0000-0003-4426-9610


24. Chamorro-Pareja N, Parthasarathy S, Annam J, et al. Letter to
the editor: unexpected high mortality in COVID-19 and dia-
betic ketoacidosis. Metabolism 2020;110:154301.

25. Singh B, Kaur P, Patel P, et al. COVID-19 and diabetic
ketoacidosis: a single center experience. Cureus 2021;13:
e13000.

26. Papadopoulos VP, Koutroulos MV, Zikoudi DG,
et al. Diabetes-related acute metabolic emergencies
in COVID-19 patients: a systematic review and meta-analysis.
Diabetol Int 2021;12(4):1–15.

27. Li J,WangX, Chen J, et al. COVID-19 infectionmay cause ketosis
and ketoacidosis. Diabetes Obes Metab 2020;22:1935–1941.

28. Rayman G, Lumb A, Kennon B, et al. Guidance on the man-
agement of diabetic ketoacidosis in the exceptional circum-
stances of the COVID–19 pandemic. Diabet Med 2020;37:
1214–1216.

29. Priyambada L, Wolfsdorf JI, Brink SJ, et al. ISPAD
Clinical practice consensus guideline: diabetic ketoacidosis in
the time of COVID −19 and resource–limited settings–role of
subcutaneous insulin. Pediatr Diabetes 2020;21:1394–1402.n

Kiran et al. 381


	 Introduction
	 Methods
	 &/title;&p;Ours was a hospital-based prospective observational study conducted in the ED (Department of Internal Medicine) of PGIMER, Chandigarh, an academic hospital in north India, from 1st January 2020 to 30th June 2021. Patients aged 18 years and above with a diagnosis of DKA were included. Ethical clearance was obtained from the institution’s ethical review committee (INT/IEC/2021/SPL-1013). We received written, informed consent from all study patients or the legally authorized representative if the patient could not give consent. There was no financial support or funding source for the study.&/p;&/sec;
&sec id=
	 &/title;&p;Enrolled patients underwent history taking, physical examination, and the relevant laboratory testing. The estimation of plasma glucose and ketone (beta-hydroxybutyrate) levels was done with the capillary prick method using test strips and an electrochemical principle system. Venous blood (preferably from a central line) was used instead of capillary blood in patients with hypotension. Other basic investigations included blood gas analysis, complete blood count (hemoglobin, leukocytes, and platelets), biochemistry panel (serum electrolytes, blood urea, creatinine, and bilirubin), chest radiography, and electrocardiography. Additional diagnostic investigations, such as cultures or microscopic examinations of blood or other body fluids, radioimaging (ultrasonography, computed tomography), glycated hemoglobin, or serological studies, were performed as appropriate.&/p;&/sec;
&sec id=
	 &/title;&p;Anion gap (mEq/L) = Na+-[(Cl−) + (HCO3−)] (reference range, 10 + 2 mEq/L). Effective plasma osmolality (mOsm/kg) = 2 x measured Na+ (mEq/L) + Glucose (mg/dL)/18 (normal range, 285–295 mOsm/kg).&/p;&/sec;
&sec id=
	 &/title;&p;Based on American Diabetes Association (ADA) criteria, DKA was diagnosed with plasma glucose ≧ 14mmol/L, blood pH ≤ 7.30, bicarbonate ≤ 18 mEq/L, serum anion gap ≫10 mEq/L, and presence of ketosis (plasma ketone ≫3 mmol/L).11 DKA patients with plasma glucose ≫600 mg/dL and plasma osmolarity ≫320 mOsm/kg were defined as combined DKA/HHS (hyperosmolar hyperglycemic syndrome).11,12 The severity of DKA was defined according to the blood pH, i.e., mild DKA- pH 7.25-7.30, moderate- pH 7.00-7.24, and severe- pH <7.00.11 Criteria for resolution of DKA include a plasma glucose <11mmol/L and at least 2 of the following criteria: normalization of the anion gap, a pH ≫7.3, and serum bicarbonate ≫ 15 mEq/L.11&/p;&p;DM was classified according to World Health Organization criteria.13 Tachycardia was defined with heart rate ≫100 beats/ minutes, and hypotension with systolic blood pressure <90 mm Hg or mean arterial pressure <65 mm Hg. A white blood cell count ≫11×109 /L was taken as leucocytosis. For electrolyte disorders, we used serum sodium levels <135 mEq/L for hyponatremia, ≫145 mEq/L for hypernatremia, serum potassium levels <3.5 mEq/L for hypokalemia, and ≫5.5 mEq/L for hyperkalemia.&/p;&/sec;
&sec id=
	 &/title;&p;The study patients were treated according to the standard guidelines. DKA management was according to ADA statements.11 Infections were managed with usual care following the guidelines of the ‘Surviving Sepsis Campaign’.14 The patients received empirical antimicrobial agents at the discretion of treating clinicians. The diagnosis, defining severity, and management of COVID-19 was modified according to the available recommendations by the Infectious Diseases Society of America and the National Institutes of Health during the pandemic.15,16 All patients were followed throughout their hospital stay. Outcomes were recorded as the time required for resolution of DKA, in-hospital death or survival, and length of hospital stay (days).&/p;&/sec;
&sec id=
	 &/title;&p;All statistical analyses were performed using Statistical Package for the Social Sciences (SPSS), version 25 for Mac. The discrete data were recorded as frequency and percentage, and continuous data as mean + standard deviation (SD) or median with interquartile range (IQR). The study patients were divided into two groups based on the presence or absence of COVID-19 infection, i.e., COVID-19 and non-COVID-19. Between-group differences in the categorical variables were evaluated using the Chi-square test or the Fisher exact test. Differences in the continuous variables were analyzed using the analysis of variance (ANOVA) test, the unpaired Student t-test, or the Mann-Whitney U test. Multivariate logistic regression was performed to predict mortality after adjusting for other factors, and odds ratio (OR) and 95% confidence interval (CI) were calculated. All the hypothesis tests were two-sided. Statistical significance was considered for P-value <0.05.&/p;&/sec;&/sec;
&sec id=
	 Results
	 Discussion
	 Limitations
	 Conclusion
	 Ethics approval
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


