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Association Between Achieving
Inpatient Glycemic Control and
Clinical Outcomes in Hospitalized
Patients With COVID-19: A
Multicenter, Retrospective
Hospital-Based Analysis
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OBJECTIVE

Diabetes and hyperglycemia are important risk factors for poor outcomes in
hospitalized patients with coronavirus disease 2019 (COVID-19). We hypothesized
that achieving glycemic control soon after admission, in both intensive care unit
(ICU) and non-ICU settings, could affect outcomes in patients with COVID-19.

RESEARCH DESIGN AND METHODS

We analyzed pooled data from the Glytec national database including 1,544 patients
with COVID-19 from 91 hospitals in 12 states. Patients were stratified according
to achieved mean glucose category in mg/dL (<7.77, 7.83-10, 10.1-13.88, and
>13.88 mmol/L; <140, 141-180, 181-250, and >250 mg/dL) during days 2-3 in non-
ICU patients or on day 2 in ICU patients. We conducted a survival analysis to
determine the association between glucose category and hospital mortality.

RESULTS

Overall, 18.1% (279/1,544) of patients died in the hospital. In non-ICU patients,
severe hyperglycemia (blood glucose [BG] >13.88 mmol/L [250 mg/dL]) on days 2-3
was independently associated with high mortality (adjusted hazard ratio [HR] 7.17;
95% C12.62-19.62) compared with patients with BG <7.77 mmol/L (140 mg/dL). This
relationship was not significant for admission glucose (HR 1.465; 95% Cl 0.683—
3.143). In patients admitted directly to the ICU, severe hyperglycemia on admission
was associated with increased mortality (adjusted HR 3.14; 95% Cl 1.44-6.88). This
relationship was not significant on day 2 (HR 1.40; 95% Cl 0.53-3.69). Hypoglycemia
(BG <70 mg/dL) was also associated with increased mortality (odds ratio 2.2; 95% CI
1.35-3.60).

CONCLUSIONS

Both hyperglycemia and hypoglycemia were associated with poor outcomes in
patients with COVID-19. Admission glucose was a strong predictor of death among
patients directly admitted to the ICU. Severe hyperglycemia after admission was a
strong predictor of death among non-ICU patients.
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Inpatient Glycemic Control With COVID-19

Diabetes and hyperglycemia have emerged
as important risk factors for hospitaliza-
tion, disease severity, acute kidney injury,
acute respiratory distress syndrome, in-
tensive care unit (ICU) admissions, and
death in patients with coronavirus dis-
ease 2019 (COVID-19) (1-6). The American
Diabetes Association and the American
Association of Clinical Endocrinologists
recommend a target blood glucose (BG)
range of 7.83-10.0 mmol/L (140-180
mg/dL) for a majority of hospitalized
patients (7,8). Most ICU studies using
intravenous insulin have consistently
shown that for some patients, glycemic
target levels can be achieved within as
little as 6 h (9—12). For non-ICU patients,
randomized controlled trials using stan-
dard subcutaneous basal bolus insulin
regimens have demonstrated that gly-
cemic levels of 140-180 mg/dL can be
achieved within 2—-3 days (13—-15) (although
these studies were not conducted in a
setting of COVID-19). Achieving glyce-
mic targets after admission within these
general timeframes, which we consider
to be soon after admission, is associated
with better outcomes in patients with
diabetes or stress hyperglycemia in gen-
eral medicine, surgery, and critical care
(10,11,13,16-20).

Prior studies have shown hyperglyce-
mia on admission to the hospital is a
predictor of death and other severe out-
comes of COVID-19, but whether inter-
vention toimprove glycemia canimprove
outcomes has not been addressed by
careful examination of postadmission gly-
cemia. This retrospective study asks
whether this hypothesis can be sup-
ported by determining whether glycemia
in the first 2-3 days will better predict
outcomes than admission glycemia. To
test this hypothesis in patients with
COVID-19 in both ICU and non-ICU set-
tings, we extracted individual- and event-
level data from the Glytec database to
determine the impact of glycemic control
on hospital outcomes in patients admit-
ted with COVID-19. To account for the
effect of severity of illness and tempo-
rality of glycemic control on outcomes,
we stratified patients according to admis-
sion setting (non-ICU vs. ICU) and achieved
glucose level soon after admission.

RESEARCH DESIGN AND METHODS
Data Source

We analyzed the Glytec database for pa-
tients with a COVID-19—positive laboratory

test from 1 March 2020 to 8 May 2020.
Glytec is an insulin software titration
company that contracts with hospitals
and health systems across the U.S. As
part of its integrative software, Glytec
maintains a database of laboratories and
patient demographics for its sites, as well
as admission and discharge dates, loca-
tions, and death notifications. The data
set for this study included patients from
91 hospitals located in 12 different states
in the U.S. All sites have an agreed
contract to allow deidentified data in ag-
gregate form to be used for research pur-
poses. The raw data set was validated, and a
fully deidentified data set was analyzed.
To obtain estimates related to glyce-
mic control, for this analysis, we included
patients requiring glucose monitoring. Of
the 9,959 patients testing COVID-19 pos-
itive, we excluded 3,539 who were active
admissions (had neither died nor been
discharged from the hospital), 3,288 who
had been hospitalized for <24 h, and
6 age <18 years. To examine the impact
of glycemic control in the hospital, we
also excluded 1,525 patients who had
only laboratory serum glucose but no
point-of-care (POC) glucose testing. The
remaining 1,601 patients were deidenti-
fied and transferred from the Glytec
database for analysis. In the non-ICU
group, 57 patients were excluded with a
length of stay (LOS) <48 h, because these
patients were not in the hospital long
enough to experience the opportunity to
receive treatment that would allow for
glycemic goals to be achieved. We also
excluded an additional 314 patients from
the non-ICU group because they did not
have POC BG data to calculate the day 2—
3 mean BG and 76 patients from the ICU
group because they did not have suffi-
cient POC BG data to calculate the day
2 mean BG. This set of 1,544 patients,
1,184 non-ICU and 360 ICU patients, had
the requisite admission characteristics.
Patients were classified as non-ICU or
ICU according to their initial hospital
destination. Only 12% of the study
population was using commercial glu-
cose management software. Our anal-
ysis did not include details. No data
were available about different treat-
ment strategies, which may have been
different between ICUs and across hos-
pital settings and health systems. See Fig.
1foraPRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses)
flowchart of the study population.
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Hemoglobin A;. data within 90 days
of admission were reviewed if available
from the hospital records or transferred
into the hospital records from an outside
laboratory. All POC glucose data were
abstracted. No continuous glucose mon-
itor data were analyzed.

Variable Definitions

Diabetes was defined in patients with an
ICD-10 code for a diagnosis of diabetes in
the electronic health record and in pa-
tients who had an elevated hemoglo-
bin A;. concentration (=48 mmol/mol;
6.5%) within 3 months of admission.
Hypoglycemia was defined as at least one
BG concentration <3.9 mmol/L (70 mg/
dL). Hyperglycemia in hospitalized pa-
tients was defined as per the American
Diabetes Association as BG level >7.77
mmol/L (140 mg/dL) (21). We chose
<7.77 mmol/L (140 mg/dL) as our ref-
erence group (but not as a target range)
and 7.83-10 mmol/L (141-180 mg/dL) as
an alternate reference. Hyperglycemia
was defined as a mean glucose concen-
tration >10 mmol/L (180 mg/dL) and
severe hyperglycemia as a mean glucose
concentration >13.88 mmol/L (250 mg/
dL). Transfer to ICU was defined as a
patient initially categorized as non-ICU
moving to a subsequent ICU location.
Acute kidney injury was defined as an
increase in serum creatinine from the
admission value by 0.5 mg/dL or a dou-
bling of the admission value. Patients
were grouped by their admission to a
non-ICU or ICU location and then sepa-
rated into one of four categories of mean
achieved BG. We established the glucose
ranges as =7.77 mmol/L (140 mg/dL)
(reference group), 7.83-10 mmol/L (141—
180 mg/dL), 10.1-13.88 mmol/L (181-
250 mg/dL), and >13.88 mmol/L (250
mg/dL). The level of achieved glycemia
was defined for non-ICU patients as the
mean BG on days 2—3 and for ICU patients
as the mean BG on day 2.

Outcomes of Interest

The main outcome of interest was time to
mortality, assessed by survival and haz-
ard functions. Secondary outcomes in-
cluded comparative hospital mortality
rate, development of acute kidney injury,
LOS, and transfer to the ICU according to
achieved BG group.

Exposures
The primary exposure was glycemic con-
trol during days 2-3 in a non-ICU setting
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| Figure 1—PRISMA.

or on day 2 of ICU admission for critically
ill patients directly admitted to the ICU.
We also examined the impact of hypo-
glycemia (<3.9 mmol/L; 70 mg/dL) on
mortality and morbidity.

Potential Confounders

Men, older patients, and those with
higher BMI, history of diabetes, or higher
admission glucose seem to have worse
outcomes during the COVID-19 pan-
demic (21-23). In addition, patients with
hyperglycemia but without diabetes tend
to be sicker and have worse outcomes in
the hospital compared with patients with
diabetes (21,24). To account for these
potential confounders of the association
of glycemic control with hospital out-
comes in patients with COVID-19, sex,
age, BMI, history of diabetes, and ad-
mission glucose were included in the
regression models.

Statistical Analysis

Our retrospective analysis of the col-
lected observational data set was strat-
ified by whether patients were admitted
to the non-ICU or ICU setting. We pro-
vided descriptive statistics by summariz-
ing continuous variables by mean = SD
or median with interquartile range and
categorical variables by count and pro-
portion. For the survival outcome of
interest (i.e., time to death), we provided

y

ICU patients
included in analysis
(n=360)

the estimated 25th percentile in addition
to Kaplan-Meier curves. We evaluated
marginal differences in baseline charac-
teristics and clinical outcomes among
groups defined by achieved mean BG on
days 2-3 for patients with non-ICU ad-
mission or achieved mean BG on day 2 for
patients with direct ICU admission. We
used the nonparametric Kruskal-Wallis
test to compare continuous variables and
XZ test (or Fisher’s exact test) to compare
categorical variables. A survival analysis
was performed to assess the effect on
survival outcome (i.e., time to death) of
the achieved mean BG group (=7.77,
7.83-10,10.1-13.88, and >13.88 mmol/
L; =140, 141-180, 181-250, and >250
mg/dL) on days 2-3 for the non-ICU
group or mean BG on day 2 for the ICU
group. The Kaplan-Meier method was
used to estimate the survival function of
time to death. Unweighted and weighted
log-rank tests were used to compare the
survival functions among the achieved
mean BG categories. Multivariate Cox
regression assuming a constant hazard
ratio (HR) over time was performed to
estimate the HRs associated with differ-
ent BG categories relative to the refer-
ence group with achieved mean BG
=7.77 mmol/L (140 mg/dL), while adjust-
ing for sex, age, BMI, history of diabetes,
and admission BG. We also conducted
multivariate logistic regression to investigate

the association between hypoglycemia
and binary outcomes such as inpatient
mortality, acute kidney injury, and ICU
transfer, adjusting for sex, age, BMI, his-
tory of diabetes, and hemoglobin A;.. A
P value <0.05 was considered statisti-
cally significant.

RESULTS

Patients hospitalized with COVID-19 were
admitted to a non-ICU setting (n = 1,184)
or were directly admitted to the ICU (n =
360). Demographics and outcomes for
the entire non-ICU and ICU groups are
presented in Table 1. Of the non-ICU
patients, 40% had diabetes. The admis-
sion BG on average for the non-ICU cohort
was 8.9 * 4.4 mmol/L (159.5 * 78.6 mg/
dL). In this non-ICU group, the incidence
of adverse outcomes included transfer
to the ICU (34%), hypoglycemia (20%),
acute kidney injury (21%), and mortality
(16%). The median LOS was 7.87 days
before discharge or death, and the me-
dian time from admission to ICU transfer
was 2.24 days for the 34% who trans-
ferred to the ICU.

Of the ICU patients, 40% had diabetes.
The admission BG on average for the ICU
cohort was 10.1 = 5.9 mmol/L (181.3 =
105.6 mg/dL). In this ICU group, the
incidence of adverse outcomes included
hypoglycemia (20%), acute kidney injury
(27%), and mortality (31%). The median LOS
was 9.06 days before discharge or death.

The outcomes stratified according to
four defined achieved glycemia catego-
ries for both non-ICU and ICU patients
are presented in Table 2. In the non-ICU
population, the mean BG was >13.88
mmol/L (250 mg/dL) for 41 patients
(4.7%), between 10 and 13.88 mmol/L
(181-250 mg/dL) for 161 (18.5%), be-
tween 7.83 and 10 mmol/L (141-180 mg/
dL) for 236 (27.1%), and <7.77 mmol/L
(140 mg/dL) for 432 (49.7%). In the non-
ICU population, all four groups stratified
by glycemic range soon after admission
had a similar rate of transfer to the ICU
(Table 2). The admission BG was posi-
tively associated with the achieved BG
on days 2-3 (P < 0.001). Mortality was
highest in the >13.88 mmol/L (250 mg/
dL) group at 21%. Mortality rates in the
other groups were 17%, 14%, and 15%,
but there were no significant differences
in these rates among the four groups
(P = 0.73).

In the ICU population, the mean BG
was >13.88 mmol/L (250 mg/dL) for
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Table 1—Demographics and laboratory features by location of treatment on

admission (non-ICU and ICU)

Non-ICU (n = 1,184) ICU (n = 360)

Sex

Female 546 (46) 166 (46)

Male 638 (54) 194 (54)
Age, years 64.3 * 16.0 64.5 £ 15.4
BMI, kg/m? 30.5 + 8.3 30.3 = 8.9
Weight, kg 89.1 + 26.0 88.7 £ 27.4
Diabetes diagnosis or hemoglobin A;. =6.5 479 (40) 144 (40)
Admission creatinine, mg/dL 1.6 = 2.0 16 = 1.6
Admission albumin, g/dL 3.5+ 0.5 33+ 06
Admission anion gap, mEq/L 13.1 = 4.0 15.1 = 5.6
Admission lactic acid, mg/dL 1.7 = 1.0 22 *20
Admission potassium, mEq/L 4.0 = 0.6 4.2 = 0.7
Admission BG, mg/dL 159.5 £ 78.6 181.3 £ 105.6
At least one BG <70, mg/dL 226 (20) 72 (20)
Acute kidney injury 244 (21) 98 (27)
In-hospital death 175 (16) 104 (31)
LOS, days 7.9 (4.7, 14.0) 9.1 (5.2, 17.0)
Transfer to ICU from non-ICU 398 (34)
ICU transfer time (n = 398), days 2.24 (0.92, 4.05)

Data are presented as n (%), mean = SD, or median (interquartile range).

22 patients (7.7%), between 10.1 and
13.88 mmol/L (181-250 mg/dL) for 65
(22.6%), between 7.83 and 10 mmol/L
(141-180 mg/dL) for 75 (26.1%), and
=7.77 mmol/L (140 mg/dL) for 125
(43.6%). The =7.77 mmol/L (140 mg/dL)
group compared with the >13.88 mmol/
L (250 mg/dL) group had a smaller pro-
portion of patients with diabetes (22% vs.
82%). The =7.77 mmol/L (140 mg/dL)
group tended to be younger and have a
lower BMI. The admission BG was pos-
itively associated with the achieved BG
on day 2 (P < 0.001). Mortality was
highest in the >13.88 mmol/L (250 mg/dL)
group (45%) and lowest in the =7.77
mmol/L (140 mg/dL) group (29%). The
differences in ICU mortality rates were
not statistically significant (P = 0.52). We
did not find a significant effect of BMI
on the distribution of time to death or
the hazard of death, either marginally or
jointly with other potential predictors.

In those patients stratified into the
achieved BG >13.88 mmol/L (250 mg/
dL) group, the overall mortality was 25%
(16/63): 21% (7/41) in the non-ICU set-
ting and 45% (9/22) in the ICU setting.

Survival Analysis

A survival analysis was performed sep-
arately for the non-ICU and ICU patients
to assess the survival differences among
the four achieved glucose groups. In Fig.

2, we plotted the Kaplan-Meier curves
stratified by the achieved glucose group
separately for the non-ICU and ICU pa-
tients. In the non-ICU patients, the >13.88
mmol/L (250 mg/dL) group had a sub-
stantially lower survival compared with
the other achieved glycemia groups (log-
rank test P = 0.027). The Kaplan-Meier
curves for the group achieving glucose
of >250 mg compared with the group
achieving =7.77 mmol/L (140 mg/dL) did
not generate 50th percentile compari-
sons of survival, because more than half
of the patients were still alive at the
end of their hospital stay. Therefore, the
median (or 50th percentile) survival time
could not be estimated. Instead, we es-
timated and compared the 25th percen-
tile of survival time for the >13.88 mmol/L
(250 mg/dL) and =7.77 mmol/L (140 mg/
dL) groups. For the non-ICU patients, the
estimated 25th percentile survival times
for these two achieved glycemia groups
were 7.83 and 14.08 days, respectively,
and for the ICU patients, these times
were 6.33 and 9.63 days, respectively.
For the ICU patients, from Fig. 2, the
group achieving glucose of >13.88 mmol/L
(250 mg/dL) had the lowest survival
compared with the other groups. How-
ever, the P values from the log-rank and
the Wilcoxon tests were not statistically
significant, possibly because of a lack of
power related to the smaller sample sizes.

Diabetes Care

A multivariate Cox regression analysis
was conducted separately for the non-
ICU and the ICU patients to estimate the
effects of the stratified groups according
to mean glycemia soon after admission,
with the reference group chosen as those
achieving a mean BG <7.77 mmol/L (140
mg/dL), while adjusting for sex, age,
baseline BMI, history of diabetes, and
hemoglobin A;.. Non-ICU patients with a
mean BG >13.88 mmol/L (250 mg/dL) 2—
3 days after admission had the highest
mortality risk compared with patients
in the reference group (<7.77 mmol/L;
140 mg/dL), with an estimated HR of
7.60 (95% Cl 1.95-29.60). This associa-
tion was not significantly modified by
adding admission glucose to the model
(HR 7.17; 95% CI 2.62-19.62). This re-
lationship was not significant on admis-
sion (adjusted HR 1.47; 95% CI 0.68—
3.14). In ICU patients, severe hypergly-
cemia on admission (BG >250 mg/dL)
was associated with increased mortality
(HR 3.14; 95% CI 1.44-6.88); however,
such an association with achieved glu-
cose level on day 2 was modestly high
but not significant, with an estimated
HR of 1.40 (95% ClI 0.53-3.70) (Fig. 2).
Regarding ICU patients, the mean BG
>13.88 mmol/L (250 mg/dL) group com-
pared with the reference group had an
estimated HR of 1.40 (95% Cl 0.53-34.70)
(Fig. 2).

In a logistic regression analysis, hypo-
glycemia was associated with increased
mortality in the non-ICU group (odds
ratio [OR] 1.69; 95% CI 1.16-2.45), al-
though not in the ICU group (OR 0.98;
95% Cl 0.55-1.74). In a multivariate lo-
gistic regression analysis, patients with
hypoglycemia in the non-ICU setting
were at increased odds for mortality (OR
2.2;95% Cl 1.35-3.60) after adjusting for
sex, age, BMI, history of diabetes, and
hemoglobin A;..

In patients with a mean BG =7.77
mmol/L (140 mg/dL), in both ICU and
non-ICU settings, 24% had at least one
reading of <3.9 mmol/L (70 mg/dL).
Among those in the non-ICU setting,
hypoglycemia was associated with an
increased risk of acute kidney injury (OR
2.15; 95% Cl 1.33-3.49) and mortality
(OR 2.20; 95% Cl 1.15-3.56).

We performed a secondary analysis
using a mean BG of 141-180 mg/dLas the
reference group, because this is a com-
mon target range in the hospital. The
survival analysis results were similar to
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Table 2—Demographics and laboratory features of non-ICU and ICU patients by achieved mean BG
Non-ICU day 2-3 mean BG, mg/dL

ICU day 2 mean BG, mg/dL

=140 141-180 181-250 >250 =140 141-180 181-250 >250

Variable (n = 432) (n = 236) (n = 161) (n = 41) P (n = 125) (n = 75) (n = 65) (n = 22) P
Sex 0.40 0.41

Female 209 (48) 100 (42) 71 (44) 21 (51) 56 (45) 39 (52) 30 (46) 7 (32)

Male 223 (52) 136 (58) 90 (56) 20 (49) 69 (55) 36 (48) 35 (54) 15 (68)
Age, years 65.7 £ 15.4 63.4 = 153 61.1 + 145 57.1 £ 144  <0.001 63.4 £ 15.2 64.7 £ 15.0 65.9 * 12.8 65.3 * 134 0.84
BMI, kg/m? 309 £ 85 304 + 7.4 319 £ 79 33.8 £ 11.7 0.32 31.1 £ 9.6 314 £93 29.0 = 6.5 354 * 11.6 0.09
Weight, kg 89.5 £ 25.1 88.9 £ 24.1 95.5 £ 27.2 95.4 = 35.9 0.07 90.4 £ 27.1 91.9 £ 29.5 84.0 £ 19.0 1079 £ 423 0.07
Diabetes diagnosis or hemoglobin A;. =6.5 143 (33) 158 (67) 118 (73) 35 (85) <0.001 27 (22) 51 (68) 42 (65) 18 (82) <0.001
Admission serum creatinine, mg/dL 1.7 * 2.1 1.7 £ 2.2 16 £ 2.1 12 13 0.005 1.6 £ 1.5 16 * 1.6 16 * 1.4 2.7 £ 3.0 0.17
Admission albumin, g/dL 3.5 = 0.5 3.5 * 0.6 35 * 04 3.6 = 0.5 0.65 3.2 £ 0.5 33+ 0.6 3.3 £ 0.5 3.2 £ 0.6 0.51
Admission anion gap, mEqg/L 13.1 = 3.9 13.2 = 4.1 144 = 4.0 13.3 = 35 0.16 145 = 3.1 17.0 = 7.3 16.0 = 7.0 16.8 = 4.6 0.37
Admission lactic acid, mg/dL 1.6 = 1.0 1914 19 £1.0 1.8 = 0.8 0.001 21 21 2.7 £27 24 £ 18 1.8 £ 0.7 0.62
Admission potassium, mEq/L 4.0 = 0.6 41 = 0.7 4.1 + 0.6 42 = 05 0.10 41 = 0.7 44 = 0.7 42 = 0.8 4.7 = 0.8 <0.001
Admission BG, mg/dL 133.8 £ 57.8 1735 £76.5 217.5 * 87.0 252.3 = 101.4 <0.001 130.8 = 63.8 2119 = 108.1 250.9 * 118.0 251.6 £ 117.0 <0.001
At least one BG <70, mg/dL 103 (24) 59 (25) 32 (20) 7 (17) 0.49 30 (24) 21 (28) 15 (23) 4 (18) 0.82
Acute kidney injury 105 (24) 46 (19) 31 (19) 4 (10) 0.10 35 (28) 20 (27) 19 (29) 10 (45) 0.39
In-hospital death 66 (17) 32 (14) 23 (15) 7 (21) 0.73 34 (29) 24 (33) 20 (33) 9 (45) 0.52
LOS, days 7.9 (4.7,13.9) 7.9 (5.0,14.9) 6.8(4.0,11.0) 4.9 (3.3,82) <0.001 10.7(6.2,19.0) 9.2(5.1,19.1) 9.3 (5.2,17.0) 6.2 (4.3, 9.8) 0.10
Transfer to ICU from non-ICU 142 (33) 76 (32) 48 (30) 11 (27) 0.80
ICU transfer time, days 1.94 1.92 1.54 1.28 0.70

(0.91, 3.08) (1.03, 4.41) (0.89, 2.87) (0.55, 5.95)

Data are presented as n (%), mean = SD, or median (interquartile range).
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mg/dL).

those of the original reference group
(mean BG =7.77 mmol/L; 140 mg/dL).
In the multivariate Cox regression anal-
ysis, the >13.88 mmol/L (250 mg/dL)
group had an estimated HR of 6.78 (95%
Cl 1.74-26.46) for non-ICU patients and
1.20 (95% CI 0.45-3.2) for ICU patients
compared with the group of patients
with BG between 7.83 and 10 mmol/L
(141-180 mg/dL).

CONCLUSIONS

This study sought to investigate whether
poorly controlled glycemia, within a
timeframe where patients can meet glu-
cose targets with standard hospital ther-
apy, represents a predictor of worse
outcomes in patients with COVID-19. Our
results indicate that 2—3 days glycemia
predicted outcomes better than baseline
values for non-ICU admissions but not
directICU admissions. Reaching aglucose
value of =7.77 mmol/L (140 mg/dL) or
7.83-10 mmol/L (141-180 mg/dL) within
2 days after ICU admission or between
2 and 3 days in the non-ICU setting,
respectively, is associated with reduced
mortality, which was statistically signif-
icant in the non-ICU setting and trending
toward significance in the ICU popula-
tion. The greater survival of the individ-
uals with better control after admission
compared with patients with uncon-
trolled glucose levels (>13.88 mmol/L;
250 mg/dL) is clinically meaningful and
indicates the need to start treatment of
hyperglycemia on admission. To account

ICU

Survival Probability

0.2

0 5 10 15 20 25 30
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Figure 2—Survival probability by achieved BG in non-ICU and ICU settings. Kaplan-Meier survival
curves showed significantly lower survival probability among patients with mean BG >250 mg/dL
in the non-ICU setting (log-rank test P = 0.027). Multivariate Cox regression analysis showed the
highest mortality for patients with mean BG >250 mg/dL (HR 7.17; 95% Cl 2.62—19.62) compared
with BG <140 mg/dL (reference group). Survival probability curves were not significantly different
for patients directly admitted to the ICU (log-rank test P = 0.21). In the ICU group, multivariate Cox
regression analysis showed mortality was higher but not statistically significant for patients with
mean BG >250 mg/dL (HR 1.40; 95% ClI 0.53-3.69) compared with the reference group (<140

for severity of iliness on presentation in
patients with COVID-19, we stratified this
cohort according to admission setting.
The mortality for ICU patients (31%) was
almost twice that in the non-ICU pop-
ulation (16%). Admission glucose was
significantly associated with mortality in
ICU patients. The high ICU transfer rate in
this population suggests delayed recog-
nition of severity, and it is not known
whether improving glucose control could
significantly change this course.

The mean BG on days 2—-3 serves as a
surrogate metric for the achievement of
successful treatment in a non-ICU setting
(13,15,25). The mean BG on day 2 serves
as a surrogate metric for the impactin an
ICU setting, because this target is com-
monly achieved within the first 24 h of
hospitalization (9-12,26).

More than half of the patients with
hyperglycemia admitted to either the
non-ICU (53%) or ICU (56%) setting con-
tinued to have a mean BG concentration
exceeding 10 mmol/L (180 mg/dL) by
days 2—-3 in the non-ICU group and by day
2 inthe ICU group. Among patients in the
non-ICU setting, those averaging severe
hyperglycemia on days 2—3 had a signif-
icantly increased risk of mortality, with a
sevenfold higher mortality risk compared
with reference glycemia patients, who
had a mean BG =7.77 mmol/L (140 mg/
dL), indicating that early severe hyper-
glycemia is a strong independent marker
for mortality. The high percentages of
patients with COVID-19 presenting with
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hyperglycemia who did not reach a mean
BG <10 mmol/L (180 mg/dL) represent a
potentially missed opportunity to treat
hyperglycemia and improve clinical out-
comes. Our study suggests that more
than half of the patients with a BG
>10.1 mmol/L (180 mg/dL) could have
benefitted from earlier and more aggres-
sive treatment of hyperglycemia during
their hospitalization. In non-ICU patients,
the admission BG category compared
with achieved glycemia did not differ-
entiate Kaplan-Meier curves or hazard
of mortality (Cox regression). We found
that in ICU patients, however, the ad-
mission BG compared with the achieved
BG category reflected the outcome to a
greater extent.

Among patients who achieved a mean
glycemia of =7.77 mmol/L (140 mg/dL),
24% experienced hypoglycemia. There
was a twofold increase in the odds of
death in patients who experienced hy-
poglycemia. This was independent of a
history of diabetes, and those without
diabetes had higher mortality if hypo-
glycemia occurred (OR 1.66; 95% CI
1.046-2.63). Additional analyses are needed
to determine the exact cause of hypo-
glycemia (e.g., insulin therapy or multi-
organ failure).

The mean BG =7.77 mmol/L (140 mg/
dL) group was chosen as a reference
group before analysis, because a value
greater than this is considered abnormal
for hospitalized patients in several soci-
eties’ guidelines (7,25,27). Because 7.83—-10
mmol/L (141-180 mg/dL) is the recom-
mended treatment target, we performed
a sensitivity analysis with 7.83—-10 mmol/L
(141-180 mg/dL) serving as the alternate
reference group. This analysis produced
similar results to an analysis using =7.77
mmol/L (140 mg/dL) as the reference
group, when compared with a mean
achieved BG >13.88 mmol/L (250 mg/
dL) (HR 6.78; 95% Cl 1.74-26.46).

Inpatient hyperglycemia in those with
or without a prior diagnosis of diabetes
is associated with an increased risk of
complications and mortality (28). It
seems prudent to prevent severe hyper-
glycemia (7,29), and selecting a specific
target not exceeding 10 mmol/L (180 mg/
dL) in critically ill patients is supported
by common sense (30-32). This maxi-
mum target glucose concentration is
the opinion of the authors and is not
backed by hard evidence. In patients
with COVID-19, it has not been clear
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whether hyperglycemiais simply a marker
of disease severity or whether intensive
treatment of the hyperglycemia can reduce
mortality or other adverse outcomes.
However, it is difficult to infer the impact
of glycemic control on outcomes from
studies of adverse outcomes linked to
admission hyperglycemia. On the basis of
prior randomized controlled trials in the
non-ICU and ICU settings (10,11,16-18),
we know the first few days of hospital-
ization serve as a window of opportunity
to treat to inpatient goals and achieve
improved outcomes. We believe this is
the first study reporting on the impact of
achieved glycemia early in hospitaliza-
tion in the ICU and non-ICU settings.

Hyperglycemia is a well-known marker
of disease severity, and its association
with poor outcomes in patients with
COVID-19 has been reproduced multiple
times. However, most analyses have not
accounted for disease severity on admis-
sion or temporality of glucose control,
nor have they adjusted for relevant factors
now known to be independent predictors
of poor outcomes during COVID-19 (i.e.,
sex, age, and BMI) that are also associated
with diabetes (33). Our analytic approach
accounted for temporality (dysglycemia
before outcomes), confounders, severity
of disease on admission, and performance
(achieving target within a window in
which target can be met) and provides
a rational approach to interpret glucose
control interventions.

We note the following limitations.
Given the retrospective nature of the
analysis, selection bias and misclassifica-
tion were possible. We used laboratory
data only for the diagnosis of COVID-19,
and we were unable to gauge the severity
of the disease based on clinical character-
istics or other factors, such as a need for
invasive ventilation. Nonavailability of
ICU beds may have classified sick patients
as non-ICU on presentation. We could
not determine from this database 1)
whether there was a delay in therapy
or 2) which treatment strategies were
used (including whether patients were
receiving drugs such as chloroquine or
dexamethasone, known to modify glu-
cose levels). Further research with in-
dividual-level data ontreatmenttypeand
timing may help clarify these questions.
Although there could have been selec-
tion biasin being directed to a non-ICU or
ICU destination on admission, it is note-
worthy that in both cohorts, the HR for

poor control soon after admission was
higher than it was on admission, indicat-
ing that in this study, the results were
consistent with our hypothesis that
achieving glycemic control soon after
admission in both ICU and non-ICU set-
tings could affect outcomes in patients
with COVID-19. The reason for transfer
from the non-ICU to ICU setting could
have been delayed recognition of sever-
ity, inadequate care, or worsening of
disease. For ICU patients with achieved
glucose concentrations of >250 mg/dL
on day 2, the HR suggested a 40% in-
crease in death; however, this estimate
was imprecise, with a wide Cl, and non-
significant. On the basis of all the evi-
dence, this association is likely and may
be confirmed with a larger sample size
from observational cohorts. For ethical
reasons, testing higher glucose targets is
not recommended.

All patients in this study had BG levels
measured solely from POC testing, which
puts them in a group potentially biased
for glycemic excursions or other factors
warranting frequent BG testing (e.g.,
corticosteroid use, enteral or parenteral
feedings, or hypoglycemia risk factors).
After we stratified our 1,601 eligible
patients into non-ICU versus ICU cate-
gories and then further stratified them by
admission BG, we were left with a small
number of ICU patients (n = 22) with
BG >250 mg/dL on day 2. Because of the
limitations of our database, we did not
have individual treatment data. Future
analytics should include all treatments to
better gauge who was receiving insulin
intravenously or via basal bolus subcu-
taneously as well as documentation of
other treatments in the hospital (e.g.,
hydroxychloroquine, high doses of ste-
roids, or vasopressors) that could have
affected glycemic control to determine
the optimal type of insulin management.

We recognize that acceptance of
achieved glycemia as a surrogate marker
of glycemic control will require validation
with prospective cohort studies and ran-
domized controlled trials (34). This is
because we currently do not know
whether patients had better COVID-19
outcomes because the BG came down or
whether the BG came down because
patients had better COVID-19 outcomes
(35).

This retrospective study adds to prior
information based mainly on admission
glycemia, but conclusions are limited by
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lack of information on important cova-
riates, missing data, and potential for
residual bias and confounding, and pro-
spective studies are needed to fully test
the underlying hypothesis. We found
that severe hyperglycemia early in the
course of hospitalization in patients with
COVID-19 admitted to a non-ICU setting
was associated with a sevenfold increase
in mortality risk. In addition, admission
glucose was a strong predictor of death
among patients directly admitted to the
ICU. We also observed higher odds of
dying among patients with hypoglyce-
mia. Our results suggest patients with
COVID-19 should promptly receive treat-
ment to improve glycemic control.
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