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Abstract

Background: Diabetes has been identified as a risk factor for intubation and

mortality in patients with coronavirus disease 2019 (COVID-19), caused by the

novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). We seek

to examine the impact of clinical variables such as glycosylated hemoglobin

(HbA1c) on mortality and need for intubation, as well as demographic vari-

ables such as age, sex, and race on persons with type 2 diabetes and

COVID-19.

Methods: Analyses were conducted on 4413 patients with an International

Classification of Diseases and Related Health Problems (ICD-10) diagnosis of

type 2 diabetes and COVID-19. Survival analysis was conducted using Kaplan-

Meier curves and the log-rank test to compare subgroup analyses.

Results: In this multivariate analysis, male gender, older age, and hyperglyce-

mia at admission were associated with increased mortality and intubation, but

this was not seen for race, ethnicity, insurance type, or HbA1c. Based on

Kaplan-Meier analysis, having comorbid conditions such as hypertension,

chronic kidney disease, and coronary artery disease was associated with a sta-

tistically significant increased risk of mortality.

Conclusions: Glycemic levels at admission have a greater impact on health

outcomes than HbA1c. Older men and those with comorbid disease are also at

greater risk for mortality. Further longitudinal studies need to be done to eval-

uate the impact of COVID-19 on type 2 diabetes.
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Highlights

• Admission serum or point-of-care glucose is a greater predictor of mortality

than glycosylated hemoglobin in persons with type 2 diabetes and coronavi-

rus disease 2019 (COVID-19).
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• Those with diabetes and COVID-19 who were intubated had a higher moral-

ity than those who were not intubated.

• Older age, male gender, and history of chronic kidney disease, hypertension,

or coronary artery disease increased the risk of mortality. Race and insur-

ance type had no impact on mortality.

1 | BACKGROUND

The relationship between coronavirus disease 2019
(COVID-19), caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), and diabetes has
been described as bidirectional.1 Persons with diabetes
are susceptible to developing SARS from COVID-19.2

Proposed mechanisms for these findings are alterations
in immune response and downregulation of angiotensin-
converting enzyme 2, allowing for increased levels of
angiotensin II to significantly worsen respiratory dis-
ease.3-5 It has been postulated that among persons with
diabetes there are more severe cases of COVID-19 due to
further immunodeficiency, including decreased T cell
response, increased viral binding/entry, and permeable
respiratory epithelium.5

COVID-19 also has transient effects in the pancreas,
causing islet cell damage as seen with other coronaviruses
which cause SARS.3 This pancreatic damage can lead to
severe hyperglycemia, including diabetic ketoacidosis

(DKA). In persons with or without diabetes, presenting
with COVID-19 and hyperglycemia (>10 mmol/L or
180 mg/dL) increased the chances of in-hospital mortality
for those who become critically ill.6 In a sample of 2041
patients in Wuhan, 42.7% of patients presented with
hyperglycemia and only 13.4% of them had diabetes.7 In a
multicenter sample in the United States, those with diabe-
tes or stress hyperglycemia were nearly five times as likely
to die as those with euglycemia.8

Diabetes is also an identifiable risk factor for
increased likelihood of intubation and mortality in per-
sons with COVID-19. In a cohort of patients with
COVID-19 in Chicago, diabetes was found to be the only
comorbid condition associated with intubation (odds
ratio [OR], 1.64; 95% CI, 1.02-2.66).9 Those with diabetes
and elevated C-reactive protein (CRP) have been found
to have a worse prognosis and greater risk of mortal-
ity.10 Persons with diabetes may develop more severe
COVID-19 complications, such as acute cardiac injury
or acute respiratory distress syndrome.11 They also have

FIGURE 1 Consort diagram of

patient recruitment process
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a 1.7 greater chance of dying as compared with those
with COVID-19 without diabetes.11 Severe cases of
COVID-19 requiring hospitalization has disproportion-
ately impacted those who identify as Black, Hispanic, or
Native American, but it is unclear if this inequality is
seen in in persons with diabetes.12,13 As a result, we pro-
pose to further examine the association between health
outcomes in persons with COVID-19 and diabetes in a
multiracial cohort of persons in the New York metropol-
itan area with type 2 diabetes, as previous studies of per-
sons with COVID-19 and diabetes have not identified
race or reported a small number of ethnic
minorities.8,11,14,15

We propose that having poorly controlled diabetes
as represented by a glycosylated hemoglobin (HbA1c)
level greater than 9% is associated with poorer health
outcomes when compared with those with an HbA1c

less than 9%. In this multiracial cohort of persons with
type 2 diabetes and COVID-19, we examine the primary
health outcomes of mortality and delivery of mechani-
cal ventilation, as well as the secondary outcomes of
stroke, pulmonary embolus, and myocardial infarc-
tion (MI).

2 | METHODS

2.1 | Participants

Analyses were conducted on patients with an Interna-
tional Classification of Diseases and Related Health Prob-
lems (ICD-10) diagnosis of type 2 diabetes (E11) and
COVID-19 (defined as a positive polymerase chain reac-
tion [PCR] test) admitted to any Northwell Health

TABLE 1 Baseline characteristics of COVID-19 patients with diagnosis of type 2 diabetes mellitus

Total Alive Expired P value

Characteristics 3846 2893 953

Age, y

Median (IQR) 68 (59, 77) 66 (58, 75) 73 (64, 81) <.0001

Gender (n [%])

Male 2291 59.57% 1657 57.28% 634 66.53% <.001

Race (n [%]) .057

African American/Black 943 27.10% 718 24.82% 225 23.61%

Asian 361 10.40% 247 8.54% 114 11.96%

Declined 14 0.40% 10 0.35% 4 0.42%

Native American/Alaskan 23 0.70% 19 0.66% 4 0.42%

Native Hawaiian/Pacific Islander 5 0.10% 5 0.17% 0 0.00%

Other/multiracial 867 24.90% 656 22.68% 211 22.14%

Unknown 146 4.20% 111 3.84% 35 3.67%

White 1127 32.30% 817 28.24% 310 32.53%

Ethnicity .205

Declined 253 6.58% 187 6.46% 66 6.93%

Hispanic or Latino 662 17.21% 510 17.63% 152 15.95%

Not Hispanic or Latino 2438 63.39% 1793 61.98% 645 67.68%

Unknown 133 3.46% 93 3.21% 40 4.20%

Insurance .081

Private 1671 43.45% 1266 43.76% 405 42.50%

Public 1792 46.59% 1299 44.90% 493 51.73%

Self-pay 23 0.60% 18 0.62% 5 0.52%

Smoking status < .001

Former smoker 111 2.89% 15 0.52% 96 10.07%

Nonsmoker 2904 75.51% 2307 79.74% 597 62.64%

Smoker 261 6.79% 218 7.54% 43 4.51%

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range.
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System hospital in the New York area between 1 January
and 31 May 2020 (Figure 1).

2.2 | Statistical analysis

A total of 4413 HbA1c data points were pulled on the
patient level (results from 1 January 2020 to 1 June 2020).
The HbA1c data which were the closest to the date of
positive diagnosis of COVID-19 on the patient level were
utilized. All HbA1c data that were 3 months older than
the patient's admission for COVID-19 were excluded.
Length of hospitalization was determined based on the
first admission date until discharge date before 1 June
2020; for patients readmitted, only the first admission
date was considered in the analyses.

Survival analysis was conducted using Kaplan-Meier
curves and the log-rank test to compare subgroup analyses.
Baseline patient characteristics and tests of categorical and
continuous variables were analyzed. A Pearson chi-square
test was conducted to compare differences between groups,
and the rank sum test was applied for continuous variables.
Both univariate and multivariate Cox regression models
were applied to examine the hazard ratios (HR) and their
95% CI. Multivariate models were conducted for demo-
graphic variables and comorbidities using the variables that
strongly associated with mortality at univariable analyses.
All statistical analyses were conducted in software R (ver-
sion 3.6; R core team, Vienna, Austria). A significance level
of P < .05 (2-tailed test) was used to test for statistical
significance.

3 | RESULTS

3.1 | Baseline characteristics

A total of 3846 patients with COVID-19 and type 2 diabetes
were included in the final analysis (Table 1). Of them,
2291 (59.6%) were men, with a median age of 68 years
(interquartile range 59, 77), and 99% were privately or
publicly insured. The majority of patients in the sample
were non-White (67.3%, n = 2719), with 27.1% (n = 943)
being African American and 24.9% (n = 847) multiracial
or other. Patients were hospitalized for a median of
10 days with a median length of stay, acuity of admission,
comorbidities, emergency department visits (LACE) score
of 12.2 and a median Charlson comorbidity index (CCI) of
4, indicating a high risk of readmission and a decreased
10-year survival expectation, respectively. Patients were
categorized into groups of interest by HbA1c: ≥ 9%
(n = 1029, 26.8%) and <9% (n = 2817, 73.2%).

3.2 | Mortality and ventilator
requirement

Mortality was greater among older patients (median age
72.0 years vs 65.0 years, P < .0001) and male gender
(66.5% vs 57.2%, P < .0001) (Figure 2A,B), as well as
those who required mechanical ventilation. Of the
946 (24.6%) patients requiring mechanical ventilation,
the majority died (64.6% or 612 patients). Interestingly,

FIGURE 2 A-C: Relationship between demographic variables

and mortality
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there was no significant association between race or eth-
nicity and mortality (P = .057, P = .275; Table 1). Insur-
ance status was also not associated with mortality.

3.3 | HbA1c, glucose levels, and
mortality

Patients were stratified into two groups based on the
HbA1c greater or less than 9% (75 mmol/mol) at their
first admission, after they were confirmed COVID-19 pos-
itive. The majority of patients had an HbA1c less than 9%
(n = 2817, 73.2%), whereas those with an HbA1c ≥9%
were in the minority (n = 1029, 26.8%). Log-rank testing
suggested that those with an HbA1c greater than 9% at
admission did not have a significantly different survival
rate compared with those with an HbA1c less than 9%
(log-rank test, P = .2) (Figure 3C).

Within 24 hours of admission, those with elevated
serum and point-of-care (POC) glucose were found to have
a greater risk of mortality. Target inpatient diabetes glucose
ranges from 100 to 180 mg/dL.16 On average, those who
survived had a lower admission POC glucose (165, range:
138-238) compared with those who expired (195, range:
136-279) (P < .0001). Of note, 464 persons were missing
POC glucose within 24 hours of admission. It is also note-
worthy that there were patients who had POC glucose read-
ings as high as 600, but the majority of the values clustered
about 200 (Figure 3). The same trend was evident for serum
glucose levels: The average level was higher for those who
expired (192, range: 140-281) compared with those who sur-
vived (171, range: 128-250) (P < .001). Only 29 patients
were missing serum glucose as ordering a comprehensive
metabolic panel was part of the admission protocol.

3.4 | Comorbidity conditions

Patients with comorbid medical conditions were also
examined to detect the differences in mortality. Non-
survivors had more comorbid medical conditions such as
chronic obstructive pulmonary disease (COPD)
(OR = 1.63; 95% CI: [1.3, 2.06], 13.4% vs 8%; P < .001),
chronic heart failure (OR = 1.40; 95% CI: [1.15, 1.71],
18.2% vs 13.1%; P < .001), coronary artery disease (CAD)
(OR = 1.43; 95% CI: [1.22, 1.69], 32.7% vs 24.6%;
P < .001), chronic kidney disease (CKD) (OR = 1.60; 95%
CI: [1.32, −1.94], 20.1% vs 13.1%; P < .001), hypertension
(OR = 1.23; 95% CI: [0.93, 1.61], 87% vs 82%; P = .002),
and MI (OR = 1.69; 95% CI: [1.32-2.16], 11.75% vs 7.5%;
P < .001). Figure 4 presents all Kaplan-Meier survival
curves with log-rank significance levels smaller than .005
(Figure 4A-E). Kaplan-Meier curves provide the

probability of survival given the days in hospital while
comparing two groups of patients with and without each
comorbidity condition.

3.5 | Association between demographics,
comorbidities, ventilation use, and
mortality

Univariate analysis indicated that age, male gender, CKD,
CAD, ventilation use, congestive heart failure, COPD, and
MI were associated with higher mortality (Table 2). Fur-
thermore, multivariable Cox regression analysis suggested
that age (HR 0.76, 95% CI: [1.86, 2.47]), male sex (HR 1.17,
95% CI: [1.04, 1.34]), ventilation use (HR 2.54, 95% CI:
[2.2, 2.93]) and COPD (HR 1.23, 95% CI: [1.00-1.4]), and
MI (HR 1.12, 95% CI: [0.91, 1.39]) were significant predic-
tors for mortality (Table 2).

4 | DISCUSSION

Roughly 50% of Americans have a HbA1c greater than
7%, so it would be expected that many of those who were
hospitalized would have elevated HbA1c.17 Surprisingly
only 27% of the sample had HbA1c greater than 9%.
Although COVID-19 directly effects the pancreas, the
acuity of the disease likely only played a small role in
HbA1c, as it is a 3-month average of glycemic control. As
a result, the admitting serum glucose, not HbA1c, was a
greater predictor of the need for intubation or mortality.
This is different from what has been previously seen in
the diabetes population without COVID-19, as admission
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FIGURE 3 Distribution of glucose values for all patients in the

raw data set
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HbA1c has been found to be a good predictor of inpatient
glycemic control, with those less than 7% faring better
than those who with 9% or higher.18

4.1 | Impact of age, race, and sex

In this sample, age and sex, but not race, were associated
with increased mortality in persons with type 2 diabetes
and COVID-19. As previously reported by Shi et al, we
found that older age and male sex increases inpatient
COVID-19-related mortality in persons with diabetes14;
however, their study used age and sex-matched controls
without diabetes as their control group. In our study, all
persons had diabetes, and we compared survivors with
nonsurvivors. In a sample of mostly Black or Hispanic

patients in the Bronx with COVID-19 and a 40% preva-
lence of diabetes, male gender and increasing age were
predictors for in-hospital mortality.19 As noted in our
study, there was no association between race/ethnicity
and mortality. In our sample, the majority of the patients
who died were White, followed by Black/African Ameri-
can, but this was not statistically significant. This result
was probably due to the fact that White patients were the
most prevalent group in the study.

4.2 | Impact of hyperglycemia on
outcomes

Hyperglycemia in persons with diabetes occurs for sev-
eral reasons including: (a) pancreatic destruction,

FIGURE 4 The probability of survival in those with type 2 diabetes, COVID-19 and comorbid conditions
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(b) lack of exercise due to poor respiratory function and
need to quarantine,20 and (c) the use of steroids for
COVID-19 therapy. Elevated blood glucose levels are also
associated with elevated levels of components of the cyto-
kine storm,21 such as neutrophils, interleukin-6, CRP,
and lactic dehydrogenase.11 In our sample, those with a
higher white cell count were more likely to die. Although
the result was statistically significant, it was not clinically
significant: 8.05 vs 7.57 (P = .008).

Many patients presented with severe hyperglycemia,
including DKA. The yearly in-hospital rate of death from
DKA in persons with diabetes declined from 1.1% in 2000
to 0.4% in 2014.22 In this patient sample of persons with
type 2 diabetes and COVID-19, there was no association
between DKA and mortality (P = .99). In a small sample
of patients in North London, from 1 to 31 March 2020,
35 patients presented with DKA, most of whom were of
African descent and had type 2 diabetes.23 In a cohort
from Wuhan of 658 patients, 42 had ketosis. Among
those 42 patients, 15 had diabetes but only 3 of them had
DKA.24 This difference is not surprising as African Amer-
icans and Hispanics have been found to have higher rates
of ketosis-prone type 2 diabetes compared with Whites or

Asians.25 In addition, African Americans have been
found to have lower β-cell function after DKA when com-
pared with Hispanics with ketosis-prone type 2 diabetes.26

In this sample, neither race nor ethnicity predicted DKA
(P = .41), but Black/African Americans (n = 58, 30.53%)
had the greatest rate of DKA, nearly four times greater
than Asians (n = 5, 7.89%).

Patients with DKA required medical staff to have con-
tact with them every 1 to 2 hours for blood glucose moni-
toring. This was difficult as minimizing contact with
persons with COVID-19 was paramount; thus, blood
sugar testing was reduced to two to three times per day
for noncritical type 2 diabetes and 2 hours for critically ill
patients on insulin infusions.27 In some institutions, con-
tinuous glucose monitors have been used to mitigate
this.28

4.3 | Limitations

There are several limitations of this study. First, this study
was retrospective in nature. We compared those who sur-
vived with those who did not without any propensity

TABLE 2 Univariable and multivariable analyses of various indicators for mortality

Univariate cox regression
HR (95% CI) P value

Multivariable analysis
HR (95% CI) P value

Age (Age >=70 y versus <70 y) 1.9 (1.7-2.2) <0.001 0.76(1.86,2.47) <0.001

Gender (male versus female) 1.2 (1.1-1.4) <0.001 1.17( 1.0,1.34) 0.033

Race 0.02 (0.96-1.5) 0.28

HbA1C>9% or not 0.91 (0.78-1.1) 0.20

On Ventilation (Yes or no) 2.3 (2-2.6) <0.001 2.54( 2.2, 2.93) <0.001

Comorbidity

Asthma (yes or no) 1 (0.81-1.2) 0.99

Cancer (yes or no) 1.1 (0.96-1.4) 0.14

CAD (yes or no) 1.3 (1.2-1.5) <0.001

CKD (yes or no) 1.3 (1.1-1.5) <0.001

CHF (yes or no) 1.2 (1-1.4) 0.02

COPD (yes or no) 1.4 (1.1-1.7) <0.001 1.23(1.0,1.5) 0.049

DKA (yes or no) 1 (0.75-1.3) 0.99

MI (yes or no) 1.3 (1.1-1.6) 0.01 1.12(0.91,1.39) 0.004

Stroke (yes or no) 0.95 (0.8-1.1) 0.58

Hyperlipidemia (yes or no) 1 (0.88-1.1) 0.95

Intracranial bleed or Hemorrhagic
Stroke (yes or no)

0.56 (0.28-1.1) 0.10

Ischemic Stroke (yes or no) 0.64 (0.45-0.92) 0.02

VTE including PE (yes or no) 0.4 (0.3-0.54) <0.001
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matching, which limits the comparability of the two
groups. Also, there was no comparison with persons with-
out diabetes. Second, diagnoses were based on ICD-10
codes, as opposed to reviewing all lab values or imaging,
which could have led to over- or underreporting of disease
states. Third, the glycemic values used can potentially be
erroneous as HbA1c and POC glucose values can be falsely
elevated or lowered by comorbid conditions such as ane-
mia or hypertriglyceridemia.29,30 In addition, there are eth-
nic variations noted in persons of African descent in
whom HbA1c values can be higher than in other
populations.29 Fourth, we were unable to obtain diabetes
history indicators, such as duration of diabetes and medi-
cations used. We also were not able to obtain body mass
index data as they were not recorded in the majority of the
charts. Last, we only used the index admission and
included those who were discharged by 1 June 2020. The
limitation of using the index admission is that some of
these patients were readmitted and may have died during
the readmission visit. To avoid the potential of missing a
death, we only included patients discharged by our cutoff
date 1 June 2020. This would be only a minor limitation as
very few patients were hospitalized with COVID-19 in our
health system after late May 2020.

5 | CONCLUSIONS

This study adds to the literature by exploring the impact
of variables such as age, race, gender, and comorbid con-
ditions on the mortality and need for ventilator in
patients with COVID-19 and type 2 diabetes. In addition,
we explored the effect of HbA1c on mortality. Surpris-
ingly, HbA1c did not predict mortality, but as seen in pre-
vious studies, male gender, older age, and admission
hyperglycemia were associated with increased mortality.
Further studies need to be conducted prospectively in
persons with diabetes and COVID-19 as they are at
increased risk of developing more severe illness from
COVID-19 requiring hospitalization and intubation.
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