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A B S T R A C T

Aim: - Patients with diabetes have increased morbidity and mortality from COVID-19. Case reports describe
patients with simultaneous COVID-19 and diabetic acidosis (DKA), however there is limited data on the prev-
alence, predictors and outcomes of DKA in these patients.
Methods: - Patients with COVID-19 were identified from the electronic medical record. DKA was defined by
standardized criteria. Proportional hazard regression models were used to determine risk factors for, and mor-
tality from DKA in COVID-19.
Results: - Of 2366 patients admitted for COVID-19, 157 (6.6%) patients developed DKA, 94% of whom had
antecedent type 2 diabetes, 0.6% had antecedent type 1 diabetes, and 5.7% patients had no prior diagnosis of
diabetes. Patients with DKA had increased hospital length of stay and in-patient mortality. Higher HbA1c pre-
dicted increased risk of incident DKA (HR 1.47 per 1% increase, 95% CI 1.40−1.54). Risk factors for mortality
included older age (HR 1.07 per 5 years, 95% CI 1.06−1.08) and need for pressors (HR 2.33, 95% CI 1.82−2.98).
Glucocorticoid use was protective in patients with and without DKA.
Conclusion: - The combination of DKA and COVID-19 is associated with greater mortality, driven by older age
and COVID-19 severity.

© 2021 Elsevier Masson SAS. All rights reserved.
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Introduction

Type 2 diabetes (T2D) is a frequent comorbidity in patients with
COVID-19, with a reported prevalence of 5.3−19.5% in China [1,2],
35.5% in Italy [3] and 10.9% in the United States [4]. T2D is associated
with more severe COVID-19 disease [5,6], with twice the disease-
related mortality as in patients without diabetes [7−9]. Mechanistic
explanations for increased mortality in patients with T2D and how
hyperglycemia contributes to this risk are unclear.

One possible mechanism for increased mortality due to COVID-19
in patients with T2D may be from the complication of diabetic ketoa-
cidosis (DKA), a life-threatening hyperglycemic emergency. Although
a more typical complication of type 1 diabetes (T1D), approximately
25% of DKA admissions were reported in patients with T2D in several
cohort studies of patients without COVID-19 [10,11]. In patients with
COVID-19, DKA prevalence and its risk factors and contribution to
mortality are not known. A recent meta-analysis describing DKA in
patients with COVID-19 included 110 cases from 19 studies [12].
These data were unable to describe DKA epidemiology or its clinical
consequences in hospitalized patients with COVID-19. Furthermore,
these data failed to address confounding that T2D may have on mor-
tality in COVID-19.

In a large multi-ethnic cohort of patients with COVID-19 hospital-
ized at a single tertiary medical center, we report the prevalence of
and risk factors for DKA. We also report mortality risk, both related
to DKA and specific to patients with DKA. We hypothesized that
increased severity of COVID-19 disease and a history of pre-existing
diabetes would be associated with greater risk of DKA and that DKA
would be a risk factor for mortality.
Methods

Cohort identification

We retrospectively identified all patients with a positive test
result for SARS-CoV-2 from either a nasopharyngeal or oropharyn-
geal swab PCR who were admitted to Columbia University Irving
Medical Center (New York Presbyterian-Columbia University Irving
Medical Center and The Allen Pavilion Hospital) between March 1st
and May 31st, 2020 who had bloodwork during their hospitalization.
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The study end date was June 10th, 2020, and any patient still alive
and admitted without at least 30 days of follow-up by the end of the
study end date was excluded (i.e. if a patient was admitted after May
10th and was still hospitalized). This study protocol was approved by
the Institutional Review Board of Columbia University Irving Medical
Center and the requirement for informed consent was waived.

Clinical characteristics and outcomes

Details of the patients’ hospital course, demographics, clinical
data, laboratory data and clinical outcomes were obtained using a
combination of manual chart review of the electronic medical record
(Epic�) and laboratory data extraction from the clinical data ware-
house (charts accessed up until June 10, 2020) (Table S1; see supple-
mentary materials associated with this article on line). Diabetes
mellitus was defined by having either: 1) pre-hospitalization or
admission ICD-10 billing codes for DM (Table S2; see supplementary
materials associated with this article on line), 2) pre-hospitalization
outpatient medications that treat DM, 3) pre-hospitalization (within
365 days) or inpatient A1c > 6.5, or 4) DKA as their DM defining
event. Patients were classified by whether they experienced a DKA
event during the hospitalization based on the DKA diagnostic guide-
lines by the American Diabetes Association [13] and available clinical
data, with DKA defined when the following 3 criteria were met:

1) a low serum bicarbonate (<19 mmol/L) OR a high anion gap (>18,
which is the upper limit of normal at our laboratory), AND:

2) elevated beta-OH-butyrate (>0.54 mmol/L which is x2 the upper
limit of normal at our laboratory) OR urinary ketones (>trace)
within a 48h window (+/- 24h) of criteria #1, AND:

3) at least one elevated serum or fingerstick glucose >250 mg/dL
within a 48 h window (+/- 24h) of criteria #1.

Time to DKA was defined as the duration in hours between admis-
sion and the first DKA event (i.e. earliest time when all 3 above crite-
ria for DKA were met). Patients were then classified by vital status as
dead or alive for the primary mortality outcome. For mortality out-
come assessments, patients were censored on hospital discharge.

Statistical approach

Data from the electronic medical record and curated COVID-Care
sources were merged, coded, cleaned and summarized for all
patients. Collection date and time stamps of key laboratory tests
were used to identify DKA-defining results occurring within a 48-
hour window. Chi-square or Fisher’s Exact test were used to compare
DKA status groups on categorical variables and T-tests or Wilcoxon
Sign Rank test for continuous variables. Cox proportional hazards
models were used to estimate the associations of the following risks
for DKA or mortality: age, sex, BMI, self-identified race (Black, Non-
Black) and ethnicity (Hispanic, Non-Hispanic), hypertension (HTN),
chronic kidney disease (CKD), pulmonary disease, liver disease, DM,
inpatient glucocorticoid exposure, pressor or inotrope requirement,
renal replacement therapy (RRT), acute kidney injury (AKI), hemoglo-
bin A1c (HbA1c) and lactic acid (maximum value if multiple were
checked). We first ran univariate models and all statistically signifi-
cant risks (P < 0.05) and their first-order interactions were entered
into a stepwise selection model requiring a P-value < 0.20 to enter
and < 0.05 to stay in the model. The univariate and adjusted models
Abbreviations

T1D type 1 diabetes
T2D type 2 diabetes
DKA diabetic ketoacidosis
RRT renal replacement therapy
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for time to DKA diagnosis were repeated with death as a competing
risk using the Fine-Gray method. The adjusted model for mortality
was repeated forcing DKA status into the model to assess the influ-
ence of DKA on risk estimates.

Results are presented as percent of the cohort, means and stan-
dard deviations or median and interquartile ranges, and hazards
ratios with 95% confidence limits for proportional hazards model
estimates. Kaplan-Meier survival analysis was used to estimate and
display survival stratified by DKA status. Cumulative incidence of
time from admission to DKA diagnosis was graphed. BMI, maximum
HbA1c and maximum lactate levels were not included in adjusted
models of the full cohort due to missing data (Table S3; see supple-
mentary materials associated with this article on line). No missing
data were imputed in this study. All data management and statistical
analyses used SAS (SAS Institute, Cary, NC).
Results

Baseline characteristics

During the study period, a total of 2366 patients were admitted
who had bloodwork results available for analysis. One-hundred fifty-
seven (6.6%) of the cohort met all 3 pre-defined criteria for DKA, with
the majority of the cohort not experiencing DKA during their hospi-
talizations (2209 patients, 93.4%; Table 1). The majority of patients
met both low bicarbonate and high AG criteria for DKA, with positive
serum ketones. Full details of the frequency of combinations of diag-
nostic criteria that were met are presented in Table S4 (see supple-
mentary materials associated with this article on line). The majority
of patients were male (57%) with a mean age of 64.2 +/- 17.7 years.
Forty percent of patients had known DM and 16% of patients with
DM developed DKA. Only 1.1% and 0.6% of patients with DM and DM
with DKA, respectively, were on an SGLT-2 inhibitor as an outpatient.
Patients with compared to without DKA were in general male, youn-
ger and had lower prevalence of hypertension or pulmonary disease
(Table 1). There were no differences in other baseline demographic
or outpatient characteristics based on DKA status (Table 1).
COVID-19 illness severity and clinical outcomes

The majority of patients in our cohort did not receive specific
COVID-19 directed therapies (72%; Table 1) other than supportive
care, consistent with recommendations during the early Spring 2020
pandemic surge. Use of glucocorticoids, however, was more common
in patients who developed DKA (38% vs. 25%). Nearly 17% of patients
required vasopressors or inotropes, 17% required invasive mechanical
ventilation, and 5% developed acute kidney injury requiring renal
replacement therapy (Table 1). Patients with DKA had higher rates of
vasopressor or inotrope use, invasive mechanical ventilation, and
renal replacement therapy (RRT): 29 vs. 16%; 31 vs. 16%; and 12 vs.
5%, respectively (Table 1).

More patients who developed DKA (n = 157) had a prior diagnosis
of DM (n = 148; 94.2%) and only 9 patients (5.7%) had no prior diagno-
sis of DM in their electronic medical records (Fig. 1, Table 1). Levels of
HbA1c were higher in patients with compared to without DKA
(n = 718; 10.7% vs. 7.4%, respectively). DKA occurred early in the hos-
pitalization, with a mean time from admission to DKA diagnosis of
6 h +/- 10 h (Table 1 and Fig. S1; see supplementary materials associ-
ated with this article on line). Seventy-nine percent of patients who
experienced DKA had a glucose level > 250 mg/dL at the time of
admission. The median hospital length of stay was longer in patients
with DKA (7 vs. 6 days). Additionally, patients with DKA experienced
an overall mortality rate of 37%, which was higher than the 25.6% and
28.8% mortality rates observed for both all patients without DKA and
diabetes patients without DKA respectively (Table 1).



Table 1.
Baseline outpatient characteristics, DKA diagnosis, and clinical outcomes.

Full Cohort No DKA Full Cohort No DKA Only DM Cohort DKA
n = 2366 n = 2209 n = 798 n = 157

Demographics
Age (years) 64.2 § 17.7 64.3 § 17.9 69.3 + 13.8* 63.6 § 14.2
Sex (female) 43.2% 44.1%* 44.5%* 31.2%
Race (Black) 20.10% 20.40% 22.6% 22.30%
Ethnicity (Hispanic/Latino) 52.5% 52.5% 54.6% 53.5%

Past Medical History
Body mass index (kg/m2)

<18.5 3.0% 3.2% 3.4% 4.5%
18.5 < 25.0 23.1% 22.7% 21.7% 29.3%
25.0 < 30.0 29.6% 29.6% 30.5% 30.6%
>30.0 33.0% 33.3% 37.3% 29.3%
missing 11.0% 11.3% 7.1% 6.4%

Diabetes mellitusy 40.4% 36.2%* 100% 100%
Chronic kidney disease 13.2% 13.2% 22.8%* 14.0%
Hypertension 60.6% 60.4% 84.0%* 63.7%
Pulmonary disease 17.8% 18.2%* 19.8%* 10.8%
Liver disease 4.9% 4.9% 5.3% 4.5%

COVID Treatment Medications
Steroidsz 26.0% 25.1%* 26.6%* 37.6%
Tocilizumab 5.4% 5.3% 4.4% 7.0%
Remdesivir 2.2% 2.2% 1.6% 1.9%
None 72.4% 73.3%* 72.4%* 59.9%

Illness Severity
Vasopressors and/or inotropesx 17.2% 16.3%* 17.0%* 28.7%
Invasive mechanical ventilation 17.3% 16.3%* 17.4%* 31.2%
Kidney replacement therapy|| 5.2% 4.7%* 5.3%* 12.1%
maximum Lactate (n=1981) 2.8 § 2.5 2.7 + 2.4* 2.8 + 2.3* 4.0 § 3.0

DKA Details
Prior diabetes mellitus diagnosis

Type 1 diabetes mellitus 0.2% 0.2% 0.5% 0.6%
Type 2 diabetes mellitus 40.2% 36.0%* 99.5% 99.4%
No prior diabetes mellitus 59.6% 63.8% 0% 0%

Initial glucose >250mg/dL 15.80% 11.3%* 25.2%* 79.0%
Inpatient HbA1c, % (n=780) 8.0 § 2.4 7.4 + 2.0* 8.2 + 2.0* 10.7 § 2.8
Time to DKA diagnosis (hours) − − − 6.0 § 9.7
Lactate at DKA diagnosis (n = 140) − − − 3.4 § 2.4

Outcomes
Median hospital LOS (days) 6.0 (8.0) 6.0 (8.0)* 6.0 (8.0)* 7.0 (10.0)
Mortality 26.3% 25.6%* 28.8%* 36.9%

* represents P < 0.05 compared to the DKA group.
y prevalance of DM was 100% in the DKA group as DKA was a DM defining event.
z including prednisone, hydrocortisone, methylprednisone, and dexamethasone
x including vasopressin, neosynephrine, norepinephrine, epinephrine, angiotensin II, dopamine, dobutamine, and

milrinone
|| patients on kidney replacement therapy for ESRD excluded (i.e. only AKI indication)

DKA, diabetic ketoacidosis; SGLT-2, sodium glucose transporter-2; HbA1c, hemoglobin A1c; LOS, length of stay.
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DKA

We used proportional hazard regression to determine risk factors
for DKA. Univariate models indicated that male sex, lower BMI, no
history of pulmonary disease, and higher levels of HbA1c and lactate
predicted greater risk of incident DKA. Adjusted models included all
significant univariate predictors described previously and their first-
order interactions except BMI and lactate due to missing values
(Table S3; see supplementary materials associated with this article
on line). Each unit increase in HbA1c predicted a 47% increased risk
of DKA (HR 1.47, 95% CI 1.40−1.54; Table 2). When we restricted the
cohort to the subset of patients with diabetes (n = 955), greater
HbA1c remained a significant predictor of DKA (HR 1.39; 95% CI 1.31
−1.47).

Mortality

Death was more likely among patients who developed DKA (36.9%
vs. 25.6%, P < 0.05) with a mean survival of 40.0 § 1.9 days compared
to patients who did not develop DKA (54.0 § 1.9 days, P = 0.0008;
Fig. 2A). Among patients with diabetes (n = 955), death was also
more common in those who developed DKA (36.9% vs. 28.8%,
3

P < 0.05, OR = 1.45 (1.01−2.07); Table 1), with one-quarter of deaths
occurring within 12 days (95% CI: 7−20) in comparison to 22 days
(95% CI: 13−42, P = 0.03) for patients without DKA (Fig. 2B).

In a univariate regression analysis of survival, admission glucose
predicted the likelihood of death (HR 1.066 (1.041−1.091) for every
50 mg/dL increase in glucose), but in a subgroup analysis of DKA
patients, admission glucose was no longer predictive of inpatient
mortality (HR 0.98 (0.92−1.04)). In light of these results and given
that some admission glucoses were used in the scoring and determi-
nation of DKA status, admission glucose as a stand-alone variable
was excluded from further multivariable models. Using proportional
hazard regression, we determined predictors of mortality. Greater
mortality risk included older age, higher BMI, non-Black race, a his-
tory of HTN and CKD, exposure to pressors/inotropes and higher lev-
els of lactate. Exposure to glucocorticoids protected against
mortality. Multivariate models included all univariate predictors,
DKA forced into the model and all first-order interactions (Table 2).
Risk factors for mortality included older age and pressor use. The
interaction between glucocorticoid use and age and pressor use dem-
onstrated that glucocorticoids conferred protection (Table 2). DKA
did not predict mortality in either the univariate or multivariable
models.



Fig. 1. . Prevalence of diabetes among study patients who did and did not develop DKA. Of the 6.6% of patients in our study who developed DKA, 94% had a known prior diagnosis of
DM (overwhelmingly T2D 99.3%). The overall majority of patients did not develop DKA (93.3%) and of these, only 36% had a prior known history of T2D (overwhelmingly T2D 99.5%).
DM, diabetes mellitus; T2D, Type 2 diabetes mellitus; DKA, diabetic ketoacidosis.
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Discussion

We report for the first-time critical findings regarding the epide-
miology of DKA in patients with COVID-19. We found that DKA prev-
alence was exceedingly high in patients with pre-existing diabetes,
that poor diabetes control based on higher admission HbA1c pre-
dicted incident DKA and that DKA developed early after presentation
to the hospital (i.e. within 6 hours). Although only 6.6% of the 2366
patients who had a positive test for SARS CoV2 developed DKA, 16%
of the 955 patients with a history of diabetes developed DKA. Patients
with COVID-19 and DKA had slightly longer lengths of stay, notable
as hospital (and particularly ICU) bed availability was scarce. Among
patients with diabetes, the DKA was associated with more rapid
onset of death compared to those without DKA. Although mortality
was higher in patients with compared to without DKA, it was driven
Table 2.
Multivariate cox proportional hazards models for outcomes of DKA and all-cause
mortality.

Adjusted Hazard Ratios

Developing DKA* All-cause mortality*
n = 2366 n = 2366

DKA 1.17 (0.89−1.53)
Age (5 years) 1.07 (1.06−1.08)
Steroids 1.20 (0.91−1.60)
Pressors or Inotropes 2.33 (1.82−2.98)
Pressors or Inotropes x Steroids
Steroids = Yes 1.53 (1.18−1.96)
Steroids = No 2.33 (1.82−2.98)
Age (5 years) x Steroids
Steroids = Yes 1.27 (1.21−1.34)
Steroids = No 1.42 (1.36−1.49)
Max HbA1c (per unit) 1.47 (1.40 - 1.54)

* with DKA as a forced variable
Variables included in univariate analysis: DKA, Age, Sex, BMI, Race/Ethnicity,
HTN, CKD, Pulmonary disease, Liver disease, DM, SGLT-2i, max HbA1c, Steroid
exposure, Pressor or Inotrope requirement, RRT, AKI, Mechanical ventilation, and
max Lactic acid.
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by older age and severity of COVID-19 disease and glucocorticoid
administration protected against death.

The prevalence of DKA in patients with diabetes in our cohort was
substantially higher than the 0.9% prevalence of hyperglycemic emer-
gency (encompassing DKA, and the related hyperosmolar hypergly-
cemic state) in patients hospitalized for all causes in National
Inpatient Sample (NIS) datasets [14]. Patients with diabetes who
developed DKA were younger (64 vs. 69 years old), had higher levels
of HbA1c, and had fewer chronic medical conditions (14% with CKD,
63.7% with HTN and 10.8% with pulmonary disease, as compared to
22.8%, 84% and 19.8% respectively) as compared to patients with dia-
betes and without DKA. Despite being younger with fewer comorbid-
ities, patients with DKA had higher rates of mechanical ventilation
(31.2% vs. 17.4%), need for RRT (12.1% vs. 5.3%), treatment with gluco-
corticoids (37.6% vs. 26.6%) and vasopressors and/or inotropes (28.7%
vs. 17.0%) and mortality (36.9% vs, 28.8%) than patients with diabetes
and without DKA. In multivariable analysis, higher HbA1c during the
hospitalization was associated with greater risk of DKA. These data
suggest that diabetes control as assessed by HbA1c may be causally
related to DKA development, and that DKA was associated with
greater severity of COVID-19 disease, but further work to elucidate
the underlying mechanisms responsible for this relationship is
needed.

We found that DKA was diagnosed within 6 § 10 h of presenta-
tion to the hospital with COVID-19. This is notable as similar to the
CORONADO study [15,16], admission glucose predicted inpatient
death in a univariate regression analysis. However, because it was
not significant in a subgroup analysis of only patients with DKA and
because the operational definition of DKA may include admission
glucose, this value was not included in subsequent multivariable
regression analyses. Patients with DKA had higher rates of glucocorti-
coid and vasopressor use, both of which can cause hyperglycemia and
precipitate DKA. However, since DKA was diagnosed within the first
few hours of admission, it is likely that DKA developed prior to poten-
tial glucotoxic effects from exposure to these medications. It is note-
worthy that besides vasopressors, we found that male sex was
associated with DKA; multiple studies have reported higher mortality
risk in men with COVID-19 [17−20], but with unclear mechanism.
Multivariate models found that increased HbA1c predicted increased



Fig. 2. . Kaplan-Meier survival analysis of survival stratified by DKA and diabetes status. A) Death was more likely among patients who developed DKA (36.9% vs. 25.6%, P < 0.05)
with a mean survival of 40.0 § 1.9 days compared to patients who did not develop DKA (54.0 § 1.9 days, P = 0.0008). B) Among patients with diabetes (n = 955), mean survival in
patients with DKA was 40.0 § 1.9 days compared to 40.6 § 0.7 days in patients without DKA, with one-quarter of deaths occurring within 12 days (95% CI: 7−20) of admission in
patients with DKA compared to 22 days (95% CI: 13−42) for patients without DKA (P = 0.03). DKA, diabetic ketoacidosis.
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risk of DKA in both the whole cohort and the subset of patients with
diabetes, consistent with other studies that show higher outpatient
HbA1c is associated with DKA [21−23].

We observed increased mortality in patients with concomitant
DKA and COVID-19 despite comparable use of common COVID-19
treatments (i.e. remdesivir, toclizumab) and even higher use of thera-
pies proven to affect mortality (glucocorticoids) [24]. However, in
multivariate modeling, morality risk was driven by older age and
severity of disease as defined by exposure to pressors/inotropes. Our
findings also confirm that use of glucocorticoids protects against
death [24].

In our cohort, 5.7% of patients who presented with DKA did not
have a history of diabetes. These data are consistent with prior
reports that describe new-onset diabetes with patients with COVID-
19 [25−27]. However, in these studies a diagnosis of new-onset dia-
betes was assigned even in patients with an elevated HbA1c at the
time of admission, which may be suggestive of pre-existing diabetes.
In contrast, we considered patients who had an HbA1c in the diabetic
range (> 6.4%) as having pre-existing diabetes and considered “new-
onset” diabetes only in those patients who presented with DKA
despite normal HbA1c and without any antecedent history of a diabe-
tes diagnosis or use of anti-hyperglycemic medications. Despite
application of stringent diagnostic criteria for new-onset diabetes,
our reported rates of 5.7% are considered high. Moreover, it is likely
that we are underestimating the incidence of new-onset diabetes in
patients with COVID-19 since our analysis was restricted to patients
with DKA and did not include patients with uncomplicated hypergly-
cemia. This is an area for further study, as new hyperglycemia in
patients with COVID-19 may be associated with even greater mortal-
ity than in patients with a prior history of diabetes [28].

Our study has several limitations. This is a retrospective observa-
tional study and cannot assign causality to the underlying physiology.
Further work is needed to clarify mechanisms of new-onset diabetes,
and our data cannot contribute to the current debate [29−31] as to
whether pancreatic beta cells show sufficient expression of the ACE2
receptor to facilitate direct SARS-CoV2 infection. We utilized the
most common definition of DKA − glucose >250 mg/dl, metabolic
acidosis and presence of ketones − [13] which may under-report
euglycemic DKA [32]. We did not think euglycemic DKA was preva-
lent in our cohort, especially as the number of patients treated with
SGLT-2 inhibitors, a known causal factor for euglycemic DKA [33,34]
was trivial. Additionally, because patients were diagnosed with DKA
based on multiple criteria (Table S4; see supplementary materials asso-
ciated with this article on line), we could not determine if DKA severity
variably affected outcomes. Further, we were not able to identify race
or ethnicity in the majority of our patients; due to the emergent
5

situations occurring during the Spring 2020 pandemic surge, race
and ethnicity was not completely recorded for many admitted
patients. This impaired our ability to discern whether specific races
or ethnicities are more prone to COVID-19-related DKA, akin to the
known predisposition for “Flatbush” or ketosis-prone diabetes in
African-Americans [35]. Finally, due to the retrospective design and
limitations imposed by the COVID pandemic, granular information of
the timing of most recent diabetes medications pre-hospitalization
was not available.
Conclusion

In summary, we report that COVID-19 is frequently associated
with DKA, mostly in patients with uncontrolled T2D, but may also
present as new-onset diabetes. Patients with COVID-19 and DKA
experience slightly longer hospitalizations and a higher risk of mor-
tality, likely driven by increased COVID-19 illness severity. These
data highlight the importance of outpatient glucose control to pre-
vent DKA in these at-risk patients. If hospitalized, hyperglycemic
patients who have COVID-19 and unexplained metabolic acidosis
should be evaluated for DKA. A diagnosis of DKA should prompt
aggressive therapy to manage the metabolic acidosis but should not
preclude use of glucocorticoids to reduce risk of morbidity and mor-
tality in patients with COVID-19 and DKA.
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