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Hyperglycaemia increases mortality risk in non-diabetic
patients with COVID-19 even more than in diabetic patients
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Aim: Diabetes has been identified as a risk factor for poor outcomes in patients with
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absence of pre-existing diabetes, with severity and outcomes in COVID-19 patients.
Methods: Data from 74,148 COVID-19-positive inpatients with at least one recorded

glucose measurement during their inpatient episode were analysed for presence of

Email: Jeffrey.guy@Hcahealthcare.com

pre-existing diabetes diagnosis and any glucose values in the hyperglycaemic range
(>180 mg/dl).

Results: Among patients with and without a pre-existing diabetes diagnosis on admis-
sion, mortality was substantially higher in the presence of high glucose measurements
versus all measurements in the normal range (70-180 mg/dl) in both groups (non-
diabetics: 21.7% vs. 3.3%; diabetics 14.4% vs. 4.3%). When adjusting for patient age,
BMI, severity on admission and oxygen saturation on admission, this increased risk
of mortality persisted and varied by diabetes diagnosis. Among patients with a pre-
existing diabetes diagnosis, any hyperglycaemic value during the episode was associ-
ated with a substantial increase in the odds of mortality (OR: 1.77, 95% Cl: 1.52-2.07);
among patients without a pre-existing diabetes diagnosis, this risk nearly doubled
(OR: 3.07, 95% Cl: 2.79-3.37).

Conclusion: This retrospective analysis identified hyperglycaemia in COVID-19 pa-
tients as an independent risk factor for mortality after adjusting for the presence of
diabetes and other known risk factors. This indicates that the extent of glucose con-
trol could serve as a mechanism for modifying the risk of COVID-19 morality in the

inpatient environment.
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1 | INTRODUCTION

Open Access,

COVID-19 disease, caused by the novel severe acute respiratory
(SARS-CoV-2), surpassed
22 million cases in the United States and over 370,000 deaths in
January 2021.) While any patient can be at risk for severe com-

syndrome-associated coronavirus-2

plications and mortality due to COVID-19, considerable attention
has been paid to identification of potential risk factors. Older age
(>65 years), male gender and comorbidities such as hypertension
and diabetes have been consistently identified as increasing the risk
for more severe disease course or mortality.?

While the presence of diabetes is more commonly associated with
severe COVID-19, the mechanism by which this occurs remains to be
elucidated.® In general, glycaemic control in the inpatient environment
has been linked to outcomes in critically ill patients, regardless of dia-
betes status.*” Indeed, increased peak glucose values and increased
time in a hyperglycaemic range appear to be associated with increased
mortality among patients without pre-existing diabetes but not those
with the condition.® While exact glucose targets and the importance
of tight glucose control have varied based on study results, the current
guidelines for inpatient glycaemic management are consistent with
long-standing evidence-based best practices. Guidelines recommend
that hyperglycaemia (readings >140) first be treated conservatively
with the addition of the use of insulin to control of blood glucose when
levels reach 180 mg/dl in the inpatient environment for all patients.”°

In critically ill COVID-19 patients specifically, both a decreased
time in a normoglycaemic range and increased insulin requirements
in comparison to non-COVID-19 patients have been reported; this
has been associated with an increase in ventilator use and mortal-
ity among these patients.'* The acute hyperglycaemia and insulin
resistance that is common in critically ill patients in addition to the
increasing use of steroid treatment for COVID-19 complicate the
control of blood sugar in these patients.u'13

Control of blood glucose among COVID-19 patients with pre-
existing diabetes has been correlated with better outcomes.**®
Furthermore, more recent evidence has begun to suggest that hy-
perglycaemia, independent of diabetes, is an independent risk factor
for more severe COVID-19 disease course and outcomes.'®” Thus,
hyperglycaemia may represent a risk factor for COVID-19 outcomes
that could be modifiable with improved glucose control.

In this retrospective analysis of nearly 75,000 COVID-19-
positive inpatients in the United States, we examined the relation-
ship between hyperglycaemia over the course of the entire episode
and discharge disposition. An understanding of how hyperglycaemia
affects outcomes in COVID-19 patients, both with and without a
previous diabetes diagnosis, will provide insight into potential care
improvement for these patients.

2 | MATERIALS AND METHODS

Data used in this study were collected in the electronic health re-
cords during the care of patients admitted to facilities affiliated with

a large healthcare system in the United States from 4 December
2019 to 7 December 2020. Only patients with a documented dis-
charge disposition were included. Patients admitted directly to
hospice were excluded. Patients were deemed COVID-19 positive
(COVID-19+) if there was documentation of at least one positive de-
tection of SARS-CoV-2 by PCR, either immediately prior to or during
the hospital stay.

COVID-19-positive inpatients were included in the analysis if
they had at least one glucose measurement recorded during their
stay. Measurements were included from both point of care and
laboratory results. Glucose values were categorized by the follow-
ing criteria: hypoglycaemia, <70 mg/dl; normal, 70-180 mg/dl; and

hyperglycaemia, >180 mg/dL.?®

Comorbidities, including diabetes
diagnosis, were determined using ICD-10 codes from present on ad-

mission diagnoses.

2.1 | Statistical methods

The primary outcome of interest was mortality. Logistic regression
was used to estimate the association between a patient's glycaemic
metric and odds of mortality for the previously defined COVID-19
patient population. The adjusted regression controlled for diabe-
tes, age, body mass index (BMI), severity and oxygen saturation at
admission. Covariates in the model were defined as follows: diabe-
tes: binary variable based on final diagnosis of diabetes from veri-
fied list of ICD-10 codes; age: numeric years at discharge, treated
as cubic spline; BMI: numeric average throughout stay, treated as
cubic spline; severity: categorical variable based on level of service
(either within 8 h of admission or overall), levels defined as medical/
surgical (no ICU or mechanical ventilation), ICU, or mechanical ven-
tilation; oxygen saturation at admission: first reading upon admis-
sion, treated as cubic spline. A sensitivity analysis was performed
using multiple imputation to account for missing data (10%-20%);
model estimates and confidence intervals were similar and results
unchanged.

3 | RESULTS

As of 7 December 2020, there were 79,035 adult COVID-19+ in-
patients with documented discharge disposition. Of those, 74,148
(94%) patients had at least one glucose measurement recorded
during their episode and were thus included in the final data set
(Figure 1). Of these COVID-19+ inpatients with at least one glucose
measurement, 38,917 (53%) had one or more glucose readings above
180 mg/dl (defined as hyperglycaemia in this study). This group in-
cluded 11,821 (30%) with no pre-existing diagnosis of diabetes;
27,096 (70%) of patients with at least one hyperglycaemic reading
during their episode had a diagnosis of diabetes at admission.
Mortality among COVID-19+ inpatients with one or more glu-
cose measurements in the hyperglycaemic range (>180 mg/dl) was
16.6%; in comparison, mortality among COVID-19+ inpatients with
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FIGURE 1 Analysis data set diagram

Covid-19 + Adult inpatients
(n=79,035)

Excluded: No documented
glucose measurement
during encounter (n=4,887)

COVID+ with at least one
glucose measurement
(n=74,148)

All glucose measurements
in normal range (70-180
mg/dL) during encounter

1+ hyperglycemic (>180
mg/dL) readings during
encounter (n=38,917)

1+ hypoglycemic (<70
mg/dL) readings during
encounter (n=2,648)

(n=32,603)
No known diabetes No known diabetes No known diabetes
(n=11,821) (n=28,030) (n=1,760)
TABLE 1 Patient characteristics by presence of hyperglycaemia during stay
All glucose measurements in normal 1+ high glucose measurements
range (70-180 mg/dl) (>180 mg/dl)
(n=32,603) (n=38,917)
Age in years, mean (SD) 60.8 (19.3) 64.7 (15.2)
Sex: Male (%) 51.0 54.6
Race: White (%) 49.2 453
BMI, mean (SD) 30.3(8.9) 31.6 (8.7)
Pre-existing diabetes diagnosis (%) 14.0% 69.6%
Number of glucose tests, mean (SD) 6.5 (10.0) 47.3(72.1)
LOS in days, median [IQR] 4[2-7] 8[4-14]
Mortality (%) 3.3 16.6
Mortality, diabetic 4.3 14.4
Mortality, non-diabetic 3.3 21.7
Severity (Level of service) at admission
Medical/Surgical 85.6 66.7
ICU 10.9 12.9
Mechanical Ventilation 3.5 20.5
Highest severity (level of service) during episode
Medical/Surgical 80.4 57.6
ICU 16.1 219
Mechanical Ventilation 3.5 20.5
all glucose measurements in the normal range during their entire with at least one measurement in the hyperglycaemic range had a
stay (70-180 mg/dl) was 3.3% (Table 1). Mortality increased with ad- subsequent hyperglycaemic reading. Patients with only one hyper-

ditional hyperglycaemic measurements, but the majority of patients glycaemic measurement over the course of the encounter (n = 602)
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had a mortality of 10.6%. Those with only two hyperglycaemic mea-
sures (n = 398) had a mortality of 13.6%,; only three (n = 310), 14.3%
mortality and four or more (n = 5162), 18.4%.

As expected, there was a high proportion of patients with pre-
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existing diabetes (69.6%) in the group with documented hypergly-
caemia during their episode. Mortality was higher in patients with
diabetes than in non-diabetics whether hyperglycaemia was present
or not. However, among patients with and without a pre-existing
diabetes diagnosis, mortality was substantially higher in the pres-
ence of high glucose measurements versus all measurements in the
normal range (non-diabetics: 21.7% vs. 3.3%,; diabetics 14.4% vs.d
4.3%); see Table 1.

Glucose variability during the encounter, defined as one or more
glucose measurements less than 70 mg/dl and one or more measure-
ments greater than 180 mg/dl, was observed in 12.0% of patients in
the data set (n = 8889). Mortality in this group was 25.7% overall;
mortality was higher among those without a pre-existing diabetes
diagnosis (diabetics: 22.8%; non-diabetics: 37.2%).

Logistic regression was used to estimate the odds of mortality
with one or more hyperglycaemic values during the episode for
COVID-19 patients both with and without a history of diabetes. In
the unadjusted model, the odds of mortality were increased with
the presence of one or more glucose values >180 mg/dIl (OR: 4.85,
95% Cl: 4.57-5.15). After adjusting for patient age, BMI, severity on
admission and oxygen saturation on admission, this increased risk
of mortality persisted and varied by diabetes diagnosis. Among pa-
tients with a pre-existing diabetes diagnosis, any hyperglycaemic
value during the episode was associated with a substantial increase
in the odds of mortality compared to diabetic patients without hy-
perglycaemia (OR: 1.77, 95% Cl: 1.52-2.07); among patients without
a pre-existing diabetes diagnosis, this risk nearly doubled (OR: 3.07,
95% Cl: 2.79-3.37); see Table 2.

4 | DISCUSSION

In this analysis of nearly 75,000 COVID-19 patients, the presence
of hyperglycaemia (blood glucose >180 mg/dl) at any point during
the inpatient episode was associated with a substantial increase in
the odds of mortality, regardless of pre-existing diabetes diagnosis.
This increased risk persisted after adjusting for known influenc-
ers of COVID-19 outcomes, such as age, BMI, severity and oxygen

saturation at admission. While diabetes has been highlighted as a
covariate that increases the risk of poor outcomes with COVID-19,
we observed that hyperglycaemia appears to be a potentially modifi-
able risk factor for mortality.

Altered glucose metabolism, including hyperglycaemia, is com-
mon among patients with any critical illness and is associated with in-
creased risk of mortality.®!? Given this known relationship between
hyperglycaemia and critical illness, our similar findings in COVID-19
patients are not surprising. What is interesting is the substantial
increased effect of hyperglycaemia on the risk of mortality among
patients without a pre-existing diabetes diagnosis. While guidelines
recommend awareness and maintenance of glycaemic control for all
inpatients, especially the critically ill, anecdotally, much of the at-
tention regarding maintenance of normoglycaemia in the inpatient
environment is focussed on patients with diabetes due to concerns
related to overtreatment and resulting hypoglycaemia.6’9 However,
our findings add to increasing evidence that suggests that the bodies
of patients with diabetes are more accustomed to hyperglycaemia
and thus may be better able to withstand the effects of acute hyper-
glycaemia during critical illnesses such as COVID-19.1220

Alternatively, patients with diabetes may be receiving more ag-
gressive management of hyperglycaemia during their episode, as
these patients and their providers are more attune to their blood
glucose levels and importance of managing this chronic condition
in the acute care environment. As expected, our data confirm the
association among diabetes diagnosis, in-hospital hyperglycaemia
and mortality. Additional analysis is necessary to determine the ef-
fect of insulin treatment on outcomes in COVID-19 patients and the
interaction with previous diabetes diagnoses and hyperglycaemia.
However, it is notable that even with adjustments for diabetes diag-
nosis, age and other comorbidities, the presence of any instance of
hyperglycaemia is associated with an increased risk for mortality in
COVID-19+ inpatients.

Glucose management in COVID-19 patients is dually compli-
cated by the disease itself and by the current standards of care. Due
to the ability of coronaviruses to bind to the angiotensin-converting
enzyme 2 (ACE2) receptors expressed in metabolic organs, it is plau-
sible that early hyperglycaemia in COVID-19+ patients could be re-
lated to the disease course itself.?! Indeed, there have been several
reports indicating that COVID-19 may be associated with alterations
to glucose metabolism.?%2?% The increased use of steroids as stan-
dard treatment for COVID-19 patients also adds further complexity

TABLE 2 0Odds of mortality by presence of diabetes and hyperglycaemia

Pre-existing diabetes

No known diabetes

Per cent mortality  Adjusted Odds Per cent mortality  Adjusted Odds
N (Raw) Ratio  [95% CI] N (Raw) Ratio [95% Cl]
Reference (no values 5,448 5.2% - 29,783 3.7% -
>180 mg/dI)t
1+ high value (>180 mg/dl) 27,096 14.4% 1.77 [1.52- 2.07] 11,821 21.7% 3.07 [2.79-3.37]

*Note: Model is adjusted for age, BMI, severity, SpO, on admission and diabetes.

TReference may include patients with values <70 mg/dL during stay.
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to glucose control in these patients; while the majority of patients in
our data set received some type of steroid over the course of their
episode, additional analysis is in progress to determine whether
there is additional interaction between this treatment, hyperglycae-
mia and outcomes.?*2°

The retrospective nature of this data analysis limits our conclu-
sions to detection of correlation, not causality. The data set used
herein identified diabetes as coded in the medical record. Thus, it is
possible that a portion of the population identified as non-diabetic
in this study could consist of patients in which diabetes had not yet
been identified or diagnosed. As haemoglobin A1C levels are not
commonly obtained in the acute care environment, especially during
COVID-19 surge conditions, it will be difficult to separate out those
patients with pre-existing, non-diagnosed diabetes from those that
develop alterations in glucose metabolism during the disease course
in this particular data set. Additional analysis is underway to deter-
mine how COVID-19 treatments and the management of hypergly-
caemia interact to influence patient outcomes.

Taken together, this analysis emphasizes the importance of
glucose management in patients with COVID-19, especially among
those without a pre-existing diabetes diagnosis. Anecdotal reports
from diabetes care leaders at affiliated facilities and preliminary anal-
ysis of insulin administration data suggest that a substantial propor-
tion of the glucose management in COVID-19 patients is being done
via subcutaneous insulin and that there are fewer orders for point
of care monitoring of glucose values. This may be due to concerns
about employee exposure and the availability of personal protec-
tive gear. Regardless of the mechanism, this type of glucose man-
agement poses additional challenges, as guidelines recommend the
use of intravenous insulin to control blood glucose levels in critically
ill patients or basal-bolus insulin therapy in non-ICU environments,
as blood glucose is more easily maintained by these mechanisms.”

In total, this retrospective analysis identified hyperglycaemia in
COVID-19 patients as a risk factor for mortality after adjusting for
the presence of diabetes and other known risk factors. This suggests
that effective glucose control could serve as a means for modifying
the risk of COVID-19 morality and that providers should consider
ways to incorporate this into the care of COVID-19 patients to po-

tentially reduce hyperglycaemia and improve outcomes.
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