
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 194 (2022) 110156

Available online 15 November 2022
0168-8227/© 2022 Published by Elsevier B.V.

Impact of diabetes status and related factors on COVID-19-associated 
hospitalization: A nationwide retrospective cohort study of 116,370 adults 
with SARS-CoV-2 infection 

Erin M. Tallon a,*, Osagie Ebekozien b,c, Janine Sanchez d, Vincent S. Staggs e,f, Diana Ferro e,f, 
Ryan McDonough e,f, Carla Demeterco-Berggren g, Sarit Polsky h, Patricia Gomez d, Neha Patel i, 
Priya Prahalad j, Ori Odugbesan b, Priyanka Mathias k, Joyce M. Lee l, Chelsey Smith e, Chi- 
Ren Shyu a,m,n, Mark A. Clements e,f 

a Institute for Data Science and Informatics, University of Missouri, 22 Heinkel Building, Columbia, MO 65211, USA 
b T1D Exchange, 11 Avenue de Lafayette, Boston, MA 02111, USA 
c School of Population Health, University of Mississippi, 2500 North State Street, Jackson, MS 39216, USA 
d University of Miami, 1601 NW 12th Avenue, Miami, FL 33136, USA 
e Children’s Mercy Hospital, 2401 Gillham Road, Kansas City, MO 64108, USA 
f School of Medicine, University of Missouri-Kansas City, 2411 Holmes Street, Kansas City, MO 64108, USA 
g Rady Children’s Hospital, San Diego, 3030 Children’s Way, San Diego, CA 92123, USA 
h Barbara Davis Center for Diabetes, Adult Clinic, University of Colorado Anschutz Medical Campus, 1775 Aurora Court, MS A140, Aurora, CO 80045, USA 
i Penn State Health Children’s Hospital, 12 Briarcrest Square, Hershey, PA 17033, USA 
j Stanford University, 730 Welch Road, Palo Alto, CA 94304, USA 
k Albert Einstein College of Medicine, Montefiore Medical Center, 1800 Morris Park Avenue, Bronx, NY 10461, USA 
l University of Michigan, Pediatric Endocrinology, Susan B. Meister Child Health Evaluation and Research Center, 2800 Plymouth Rd NCRC Building 16, Ann Arbor, MI 
48109-2800, USA 
m Department of Electrical Engineering and Computer Science, University of Missouri, 201 Naka Hall, Columbia, MO 65211, USA 
n School of Medicine, University of Missouri, 1 Hospital Drive, Columbia, MO 65212, USA   

A R T I C L E  I N F O   

Keywords: 
COVID-19 
Type 1 diabetes 
Type 2 diabetes 
Hospitalization 
Comorbidities 
Vitamin D 

A B S T R A C T   

Aims: We examined diabetes status (no diabetes; type 1 diabetes [T1D]; type 2 diabetes [T2D]) and other de-
mographic and clinical factors as correlates of coronavirus disease 2019 (COVID-19)-related hospitalization. 
Further, we evaluated predictors of COVID-19-related hospitalization in T1D and T2D. 
Methods: We analyzed electronic health record data from the de-identified COVID-19 database (December 2019 
through mid-September 2020; 87 US health systems). Logistic mixed models were used to examine predictors of 
hospitalization at index encounters associated with confirmed SARS-CoV-2 infection. 
Results: In 116,370 adults (>=18 years old) with COVID-19 (93,098 no diabetes; 802 T1D; 22,470 T2D), factors 
that independently increased risk for hospitalization included diabetes, male sex, public health insurance, 
decreased body mass index (BMI; <25.0–29.9 kg/m2), increased BMI (>25.0–29.9 kg/m2), vitamin D deficiency/ 
insufficiency, and Elixhauser comorbidity score. After further adjustment for concurrent hyperglycemia and 
acidosis in those with diabetes, hospitalization risk was substantially higher in T1D than T2D and in those with 
low vitamin D and elevated hemoglobin A1c (HbA1c). 
Conclusions: The higher hospitalization risk in T1D versus T2D warrants further investigation. Modifiable risk 
factors such as vitamin D deficiency/insufficiency, BMI, and elevated HbA1c may serve as prognostic indicators 
for COVID-19-related hospitalization in adults with diabetes.  
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1. Introduction 

Worldwide, approximately 586 million individuals have had coro-
navirus disease 2019 (COVID-19), caused by infection with severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. As of July 2022, 
more than 6 million deaths are attributed to COVID-19 [1]. The United 
States Centers for Disease Control and Prevention and numerous studies 
have identified both type 1 diabetes mellitus (T1D) and type 2 diabetes 
mellitus (T2D) as risk factors for severe COVID-19, including higher 
rates of hospitalization, intensive care unit (ICU) admission, and mor-
tality.[2–5] Other underlying medical conditions, older age, male sex, 
and vitamin D deficiency/insufficiency are also associated with severe 
COVID-19 illness [2,4–7]. 

Uneven distribution of worse COVID-19-related outcomes across 
certain populations in the United States has prompted questions about 
the disproportionate infection, hospitalization, and mortality burdens 
experienced by vulnerable ethnic and racial minority populations during 
the pandemic. Higher rates of COVID-19 positivity,[8–12] ICU admis-
sion,[8,11] hospitalization,[9,10,12] and mortality[9,10] are frequently 
noted in ethnic and racial minority populations; however, these findings 
are not consistent across all minority populations and studies. 
[8,10,12,13] 

Evaluation of disproportionate adverse effects of COVID-19 on 
vulnerable populations requires examination of comorbidity burden, 
ethnic and racial disparities, health insurance status, age, sex, regional, 
and contributing socioeconomic differences as factors that potentially 
impact patient outcomes. Many unanswered questions remain about the 
impact of diabetes, as well as long-term glycemic control, on risk for 
hospitalization during acute SARS-CoV-2 infection, particularly in the 
context of other risk factors. We therefore aimed to examine de-
mographic and clinical characteristics and comorbid conditions as cor-
relates of hospital admission in a nationwide cohort of individuals with 
and without diabetes with concurrent SARS-CoV-2 infection. 

2. Materials and methods 

2.1. Study design and data source 

We performed a retrospective analysis of electronic health record 
(EHR) data from the Cerner Real-World DataTM COVID-19 database to 
examine correlates of hospitalization in individuals with SARS-CoV-2 
infection. Data were extracted from the 2020Q3 release of the nation-
wide Cerner Real-World DataTM COVID-19 database.[14] The dataset 
contains longitudinal EHR data for 490,373 patients who, between 
December 2019 and mid-September 2020, had an emergency depart-
ment (ED), urgent care, or hospital admission encounter associated with 
a COVID-19-related diagnosis code or with a positive result for a COVID- 
19-related laboratory test.[15] 

The database includes de-identified EHR data from patients’ COVID- 
19-related encounters and prior encounters dating back to January 1, 
2015. Data were limited to healthcare facilities that use Cerner’s EHR. 
Eighty-seven U.S. health systems are represented in the 2020Q3 release. 
We analyzed the outcome of hospitalization at the index qualifying 
encounter (IQE) that, for each patient, was associated with a diagnosis 
code or with a laboratory test result indicative of confirmed SARS-CoV-2 
infection (Supplemental Tables 1–2). 

This study was classified by the University of Missouri Institutional 
Review Board as not being human subjects research, thus informed 
patient consent was deemed unnecessary. 

2.2. Diabetes status definitions 

To identify individuals with diabetes, we used logical operations that 
combined diagnosis, medication, and laboratory data as specified in the 
SUrveillance, PREvention, and ManagEment of Diabetes Mellitus (SU-
PREME-DM) Algorithm.[16,17] Because the SUPREME-DM Algorithm is 

based on International Classification of Disease, 9th Revision (ICD-9) 
codes, we used an online tool (ICD10Data.com) to map International 
Classification of Disease, 10th Revision (ICD-10) codes in Cerner’s 
database to the ICD-9 codes specified in the algorithm. Patients were 
classified as having T1D based on the Klompas Optimized Algorithm, as 
recommended by the U.S. Food and Drug Administration Sentinel 
Initiative workgroup.[17,18] Patients were classified as having T2D 
using that workgroup’s T2D Algorithm (Option 1).[17] Patients with no 
record of diabetes-related ICD codes or medications, and no documen-
tation of a hemoglobin A1c (HbA1c) result >=6.5%, fasting plasma 
glucose level >=126 mg/dL, or random plasma glucose level >=200 
mg/dL, were classified as not having diabetes (Fig. 1). 

2.3. Patient characteristics 

For each patient’s IQE, we extracted data pertaining to encounter 
type (urgent care, ED, or inpatient/hospitalized), length of stay (in-
patients only), mechanical ventilation status (yes/no; Supplemental 
Table 3), duration of mechanical ventilation, in-hospital expiration 
status (yes/no), payer status (private health insurance, public health 
insurance, government/military health insurance, charity/other, or self- 
pay [including insured and uninsured individuals]; Supplemental 
Table 4), and health system, including geographic region (i.e., U.S. 
census division), bed size category (0–99, 100–199, 200–299, 300–499, 
500–999, >=1000), and health system type (integrated delivery 
network, regional hospital, academic, community hospital, community 
healthcare, children, critical access). 

Patient characteristics included age, sex (male, female), race and 
ethnicity, body mass index (BMI), current and historical HbA1c, pres-
ence of concurrent hyperglycemia and acidosis, presence of vitamin D 
deficiency/insufficiency, Elixhauser comorbidity score (ECS), and 
number and type of Elixhauser comorbidities diagnosed. We categorized 
age as 18–29, 30–39, …, 80–89, or >=90. To protect the identity of 
pediatric individuals, Cerner masked the ages of patients < 18 years old. 
Without pediatric age data, we were unable to calculate age- and sex- 
adjusted BMI measurements (i.e., BMI z-scores), which are needed to 
accurately assess the impact of BMI in a mixed pediatric/adult cohort. 
[19] We therefore excluded pediatric patients (<18 years old) from this 
analysis. 

When patient BMI at the IQE was unavailable and could not be 
calculated from weight and height, we searched encounters within 12 
months (before or after) of the IQE and used the BMI value from the 
encounter closest in time. For patients without a BMI value in this 
window, we calculated BMI using the weight at the encounter nearest to 
and within 12 months of the IQE and height from the most recent 
encounter at which the patient was at least 18 years old. Similarly, if 
available, HbA1c was obtained from the IQE or from the nearest 
encounter within 12 months of the IQE. Historical HbA1c was defined as 
the HbA1c result documented closest to and > 12 months prior to the 
IQE. Codes used to extract BMI and HbA1c data are in Supplemental 
Table 5. Processes used for BMI and HbA1c outlier detection are 
described in Supplemental Appendix 1. 

Patients with an ICD-10 code for vitamin D deficiency or a lab result 
indicating low 25-hydroxyvitamin D (<30 ng/mL) within 90 days of 
their IQE were classified as having vitamin D deficiency/insufficiency. 
In individuals with diabetes, we evaluated presence of concurrent hy-
perglycemia and acidosis as a proxy for the presence of diabetic ketoa-
cidosis (DKA) or acidosis due to other causes. We used two sets of 
criteria to identify presence of hyperglycemia and acidosis: (1) blood 
glucose > 200 mg/dL and blood pH < 7.35, both documented during a 
24-hour time period, and (2) blood glucose > 200 mg/dL and serum 
bicarbonate < 15 mEq/L, both documented during a 24-hour time 
period. Patients with diabetes who met either set of criteria within 168 h 
(7 days) of the start of the IQE were classified as having concurrent 
hyperglycemia and acidosis. Codes used to extract vitamin D, pH, bi-
carbonate, and glucose data are in Supplemental Table 5. 
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The ECS condenses comorbidity burden to a numeric score.[20] ICD- 
9 and ICD-10 codes used to identify the presence of Elixhauser comor-
bidities and then compute patient ECSs are in Supplemental Table 6 
[21,22]. 

2.4. Outcome 

The primary outcome was hospitalization during the IQE. We 
defined hospitalization cases as cases in which the individual was either 
admitted for observation or admitted as an inpatient at the IQE. Health 
systems frequently merge data from an ED encounter that later results in 
an inpatient admission into a single (inpatient) encounter record. 

However, some health systems maintain separate encounter records, 
even when encounters occur in close proximity to one another and 
represent a single care episode (e.g., an ED encounter that results in an 
inpatient admission). To enable capture of all inpatient encounters, we 
merged, into single care episodes, all ED encounters that occurred 
within 48 h of subsequent hospital admission encounters. We classified 
all such episodes as inpatient encounters. 

2.5. Statistical analysis 

Analyses were conducted using HealtheDataLab, Cerner’s data sci-
ence ecosystem hosted by Amazon Web Services.[23] HealtheDataLab 

490,373 patients qualified for inclusion in the 2020Q3 
release of the Cerner Real-World DataTM COVID-19 

database.
314,905 patients were excluded 

because they did not have a 
diagnosis code or positive

laboratory test result considered 
indicative of confirmed SARS-
CoV-2 infection at the index 

qualifying encounter that 
qualified them for inclusion in the 

database (see Supplemental 
Tables 1 and 2).175,468 patients had a diagnosis code or positive 

laboratory test considered indicative of confirmed
SARS-CoV-2 infection at the index qualifying 

encounter that qualified them for inclusion in the 
database (see Supplemental Tables 1 and 2). 

45,239 patients were excluded 
because they met some, but not 
all, criteria used to establish a 
diagnosis of type 1 or type 2 

diabetes.  
130,229 patients met criteria for a diagnosis of type 1 

diabetes, type 2 diabetes, or no diabetes.  Of these, 875 
patients met criteria for having type 1 diabetes mellitus 
per the SUrveillance, PREvention, and ManagEment of 

Diabetes Mellitus (SUPREME-DM) algorithm followed by 
the the Klompas Optimized algorithm.16,17 22,495 

patients met criteria for having type 2 diabetes per the 
SUPREME-DM algorithm followed by the U.S. Food and 

Drug Administration Sentinel Workgroup’s T2DM 
Algorithm (Option 1).17 106,859 patients met criteria for 

not having diabetes.
13,859 individuals were excluded 
because they were <18 years old 

at the time of their index 
qualifying COVID-related 

encounter. 

116,370 adult patients (>=18 years old) met 
all inclusion criteria.

Fig. 1. Cohort identification/selection flowchart.  
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was powered by Apache Spark version 2.4.4 (Apache Software Foun-
dation, Wilmington, DE). Data were cleaned and analyzed using Python 
version 3.7.6 (Python Software Foundation) and R version 4.0.2 (R 
Foundation for Statistical Computing, Vienna, Austria). 

Incomplete multivariate data were imputed by chained equations 
under a missing at random assumption.[24] We used the mice algorithm 
in R to create 15 multiply imputed datasets (Supplemental Appendix 2). 
[24] Variability in imputed value estimates across the 15 datasets re-
flected inherent uncertainty regarding the true values of the missing 
data. 

Only 11.5% of patients who did not have diabetes had a documented 
HbA1c result. Therefore, prior to using mice to impute missing data, we 
used mean imputation to impute missing current and historical HbA1c 
for patients without diabetes. Also, when a patient with diabetes had a 
recent HbA1c result but no historical HbA1c result, the historical result 
was imputed as equal to the current HbA1c result. 

Data for diabetes type, hospitalization/inpatient status, age, and 
health system ID were complete. Absence of data used to define cases of 
Elixhauser comorbidities, vitamin D deficiency/insufficiency, and con-
current hyperglycemia and acidosis could reflect either true absence of 
those conditions or inadvertent omission of data from the EHR. We 
presumed that absent data for these conditions reflected true absence of 
the conditions. Missing data frequency for other variables is in Supple-
mental Table 7. 

Using the GLMMadaptive package in R, we fit logistic mixed models 
to each of the 15 imputed datasets, with health system included as a 
random effect and census division included as a control variable. Model 
fitting in GLMMadaptive uses the adaptive Gauss-Hermite quadrature 
rule to approximate the integral over the random effect.[25] We used 
Rubin’s rules, implemented via the parameters package in R, to pool 
regression model results obtained from the 15 imputed datasets.[26] 

We first examined diabetes status, age, race and ethnicity, payer, sex, 
BMI, vitamin D deficiency/insufficiency, and ECS as correlates of hos-
pitalization at the IQE in patients with confirmed SARS-CoV-2 infection. 
We then estimated the impact of these predictors on the odds of hospi-
talization in a model that included additional predictor variables (i.e., 
interaction terms) that adjusted for variability in the outcome of hos-
pitalization based on (a) diabetes type X age and (b) diabetes type X race 
and ethnicity. 

Next, we evaluated Elixhauser comorbidities as additional correlates 
of hospitalization. These models analyzed diabetes status, age, race and 
ethnicity, payer, sex, BMI, vitamin D deficiency/insufficiency, and 27 
Elixhauser comorbidities as correlates of hospitalization. Diabetes is an 
Elixhauser comorbidity, but the Elixhauser coding algorithm does not 
distinguish between T1D and T2D. We therefore excluded the 
Elixhauser-diabetes comorbidity variable and retained T1D and T2D as 
separate covariates. We also excluded the Elixhauser-obesity comor-
bidity variable since BMI was analyzed as a separate variable in the same 
models. 

Lastly, we examined correlates of hospitalization in the subset of 
individuals with diabetes. In addition to diabetes type, age, race and 
ethnicity, payer, sex, BMI, and vitamin D deficiency/insufficiency, these 
models included HbA1c and concurrent hyperglycemia and acidosis as 
additional predictor terms. ECS was not included in these models 
because the “fluid and electrolyte disorders” Elixhauser comorbidity is 
composed of conditions (e.g., acidosis and dehydration) similar to 
criteria used to define the concurrent hyperglycemia and acidosis 
variable. 

To control for false positives resulting from multiple hypothesis 
testing, we used the qvalue package in R to calculate a q-value for each 
hypothesis test using the Benjamini-Hochberg method. When using this 
method to control for the positive false discovery rate (pFDR), the 
calculated q-values are pFDR analogues of p-values.[27] The q-value 
represents the minimum pFDR at which a given test is deemed unlikely 
to have occurred due to chance.[27] We controlled the false discovery 
rate at 0.1. 

3. Results 

3.1. Study population characteristics 

In this cohort of 116,370 patients with confirmed COVID-19 infec-
tion, 93,098 (80.0%) did not have diabetes; 22,470 (19.3%) had T2D; 
and 802 (0.7%) had T1D. Patient characteristics stratified by diabetes 
status are summarized in Table 1. Patient characteristics for each dia-
betes status are stratified by race and ethnicity in Supplemental 
Tables 8–10. Patient characteristics for the 40,885 hospitalized in-
dividuals in this study are stratified by census division in Supplemental 
Table 11. 

3.2. Correlates of hospitalization in patients with SARS-CoV-2 infection 

The fully adjusted model fit to data for the entire study cohort 
showed that the diabetes status associated with the highest odds of 
hospitalization was T1D (vs. no diabetes; adjusted odds ratio [AOR], 
5.06; 95% confidence interval [CI], 4.23–6.06; Q < 0.001) (Table 2; 
Supplemental Figure 1; Supplemental Table 12). Odds of hospitalization 
were also substantially elevated in T2D (vs. no diabetes; AOR, 2.16; 95% 
CI, 2.07–2.25; Q < 0.001) (Table 2). We observed in adjusted models 
that, relative to Non-Hispanic White patients, hospitalization risk was 
decreased in Non-Hispanic Black patients (AOR, 0.83; 95% CI, 
0.79–0.87; Q < 0.001) and in Hispanic patients (AOR, 0.84; 95% CI, 
0.80–0.87; Q < 0.001). Asian American/Pacific Islander, American In-
dian/Alaska Native, Non-Hispanic Other (AAPI/AIAN/NHO) in-
dividuals were more likely to be hospitalized than Non-Hispanic White 
individuals (AOR, 1.06; 95% CI, 1.00–1.13; Q = 0.068). We also 
observed positive relationships between hospitalization and older age, 
public health insurance (vs. private health insurance; AOR, 1.40; 95% 
CI, 1.33–1.48; Q < 0.001), male sex (AOR, 1.22; 95% CI, 1.18–1.25; Q <
0.001), vitamin D deficiency/insufficiency (AOR, 1.71; 95% CI, 
1.56–1.87; Q < 0.001), and ECS (AOR, 1.08; 95% CI 1.08–1.08; Q <
0.001). A J-shaped association existed between BMI and hospitalization 
(Table 2; Supplemental Figure 1). Odds of hospitalization were 
decreased for self-pay patients (vs. private insurance; AOR, 0.70; 95% 
CI, 0.65–0.76; Q < 0.001) (Table 2). 

3.3. Interaction effects as correlates of hospitalization in patients with 
suspected or confirmed COVID-19 

Results from the model that evaluated interaction effects (i.e., dia-
betes type X age; diabetes type X race and ethnicity) in addition to the 
predictor terms previously described indicated that the decreased odds 
of hospitalization observed in Non-Hispanic Black individuals in the 
overall cohort were attenuated in Non-Hispanic Black individuals with 
T2D (Table 3; Supplemental Table 13). We also found that the risk- 
increasing effect of diabetes was markedly stronger among AAPI/ 
AIAN/NHO individuals than among Non-Hispanic White individuals 
(Table 3; Supplemental Table 13). 

3.4. Elixhauser comorbidities as correlates of hospitalization in patients 
with SARS-CoV-2 infection 

In the entire cohort of patients with and without diabetes, we addi-
tionally evaluated Elixhauser comorbidities as correlates of increased 
hospitalization risk. After adjustment for all comorbidities, odds of 
hospitalization were highest in patients with fluid and electrolyte dis-
orders, coagulopathy, T1D, pulmonary circulation disorders, paralysis, 
and metastatic cancer (Table 2; Supplemental Figure 2; Supplemental 
Table 12). In the same model, adjusted odds were decreased for patients 
with peptic ulcer disease, depression, valvular disease, peripheral 
vascular disorders, and chronic pulmonary disease. 
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Table 1 
Patient and health system characteristics for 116,370 adults with confirmed SARS-CoV-2 infection.  

Characteristic Overall No diabetes Type 1 diabetes Type 2 diabetes 

Total, No. 116,370 93,098 802 22,470 
Age, years (median [IQR]) 47.0 [32.0, 62.0] 42.0 [30.0, 57.0] 41.0 [29.0, 57.0] 63.0 [53.0, 74.0] 
Age categories, years, n (%)     
18–29 23,187 (19.9) 22,628 (24.3) 207 (25.8) 352 (1.6) 
30–39 20,102 (17.3) 18,907 (20.3) 174 (21.7) 1,021 (4.5) 
40–49 19,345 (16.6) 16,578 (17.8) 136 (17.0) 2,631 (11.7) 
50–59 19,853 (17.1) 14,816 (15.9) 110 (13.7) 4,927 (21.9) 
60–69 15,300 (13.1) 9,457 (10.2) 92 (11.5) 5,751 (25.6) 
70–79 10,380 (8.9) 5,666 (6.1) 53 (6.6) 4,661 (20.7) 
80–89 8,160 (7.0) 5,017 (5.4) 30 (3.7) 3,113 (13.9) 
≥90 43 (0.0) 29 (0.0) 0 (0.0) 14 (0.1) 
Gender, n (%)     
Female 62,103 (53.4) 50,365 (54.1) 385 (48.0) 11,353 (50.5) 
Male 53,888 (46.3) 42,460 (45.6) 413 (51.5) 11,015 (49.0) 
Unknown 379 (0.3) 273 (0.3) 4 (0.5) 102 (0.5) 
Race/ethnicity, n (%)     
Non-Hispanic, White 32,323 (27.8) 25,165 (27.0) 313 (39.0) 6,845 (30.5) 
Non-Hispanic, Black 18,695 (16.1) 13,903 (14.9) 158 (19.7) 4,634 (20.6) 
Non-Hispanic, Other 2,618 (2.2) 2,204 (2.4) 8 (1.0) 406 (1.8) 
Non-Hispanic, Unknown race 1,649 (1.4) 1,255 (1.3) 21 (2.6) 373 (1.7) 
Hispanic 50,553 (43.4) 41,764 (44.9) 245 (30.5) 8,544 (38.0) 
Asian or Pacific Islander 2,362 (2.0) 1,778 (1.9) 14 (1.7) 570 (2.5) 
American Indian or Alaska Native 1,777 (1.5) 1,336 (1.4) 13 (1.6) 428 (1.9) 
Unknown ethnicity, White 1,846 (1.6) 1,581 (1.7) 12 (1.5) 253 (1.1) 
Unknown ethnicity, Black 571 (0.5) 477 (0.5) 2 (0.2) 92 (0.4) 
Unknown ethnicity, Other race 1,147 (1.0) 959 (1.0) 9 (1.1) 179 (0.8) 
Unknown ethnicity/Unknown race 2,829 (2.4) 2,676 (2.9) 7 (0.9) 146 (0.6) 
BMI, kg/m2 (median [IQR]) 29.3 [25.4, 34.5] 29.0 [25.1, 33.9] 26.5 [22.7, 32.0] 31.2 [26.9, 37.0] 
BMI categories, kg/m2, n (%)     
<18.5 1,533 (1.3) 1,275 (1.4) 40 (5.0) 218 (1.0) 
18.5–24.9 20,506 (17.6) 17,136 (18.4) 274 (34.2) 3,096 (13.8) 
25.0–29.9 30,704 (26.4) 24,500 (26.3) 209 (26.1) 5,995 (26.7) 
30.0–34.9 22,757 (19.6) 17,168 (18.4) 132 (16.5) 5,457 (24.3) 
35.0–39.9 12,248 (10.5) 8,810 (9.5) 69 (8.6) 3,369 (15.0) 
≥40 10,913 (9.4) 7,239 (7.8) 54 (6.7) 3,620 (16.1) 
Unknown 17,709 (15.2) 16,970 (18.2) 24 (3.0) 715 (3.2) 
Encounter type, n (%)     
Emergency 63,674 (54.7) 57,040 (61.3) 193 (24.1) 6,441 (28.7) 
Admitted/Inpatient 40,885 (35.1) 24,854 (26.7) 593 (73.9) 15,438 (68.7) 
Urgent care encounter 11,811 (10.1) 11,204 (12.0) 16 (2.0) 591 (2.6) 
Length of stay (inpatient encounters only), days (median [IQR]) 4.6 [2.3, 8.7] 3.8 [2.0, 7.0] 5.1 [2.6, 10.2] 6.2 [3.1, 12.2] 
Length of stay categories (inpatient encounters only), days, n (%)     
0–3 11,126 (9.6) 8,048 (8.6) 146 (18.2) 2,932 (13.0) 
4–7 9,103 (7.8) 5,678 (6.1) 116 (14.5) 3,309 (14.7) 
>7 19,795 (17.0) 10,627 (11.4) 323 (40.3) 8,845 (39.4) 
Not applicable 75,485 (64.9) 68,244 (73.3) 209 (26.1) 7,032 (31.3) 
Unknown 861 (0.7) 501 (0.5) 8 (1.0) 352 (1.6) 
Intubated, n (%) 7243 (6.2) 2571 (2.8) 113 (14.1) 4559 (20.3) 
Intubation duration, days (median [IQR]) 5.0 [1.0, 11.0] 3.0 [0.0, 7.0] 5.0 [2.0, 13.0] 6.0 [2.0, 14.0] 
Intubation duration categories, days, n (%)     
0–3 2929 (2.5) 1388 (1.5) 38 (4.7) 1503 (6.7) 
4–7 1428 (1.2) 492 (0.5) 23 (2.9) 913 (4.1) 
8–14 1372 (1.2) 382 (0.4) 27 (3.4) 963 (4.3) 
>14 1238 (1.1) 182 (0.2) 18 (2.2) 1038 (4.6) 
Not applicable 109,403 (94.0) 90,654 (97.4) 696 (86.8) 18,053 (80.3) 
In-hospital mortality, n (%) 1 2793 (2.4) 902 (1.0) 37 (4.6) 1854 (8.3) 
Payer, n (%)     
Private insurance 44,539 (38.3) 38,836 (41.7) 252 (31.4) 5,451 (24.3) 
Public insurance 32,902 (28.3) 22,111 (23.8) 292 (36.4) 10,499 (46.7) 
Government/Military 2,580 (2.2) 2,200 (2.4) 14 (1.7) 366 (1.6) 
Charity/Other 1,468 (1.3) 1,212 (1.3) 9 (1.1) 247 (1.1) 
Self-pay 13,466 (11.6) 12,480 (13.4) 44 (5.5) 942 (4.2) 
Unknown 21,415 (18.4) 16,259 (17.5) 191 (23.8) 4,965 (22.1) 
Census Division, n (%)     
New England 1,764 (1.5) 1,341 (1.4) 25 (3.1) 398 (1.8) 
Middle Atlantic 21,416 (18.4) 17,050 (18.3) 152 (19.0) 4,214 (18.8) 
South Atlantic 38,009 (32.7) 32,046 (34.4) 165 (20.6) 5,798 (25.8) 
East North Central 4,869 (4.2) 3,618 (3.9) 48 (6.0) 1,203 (5.4) 
East South Central 1,977 (1.7) 1,646 (1.8) 19 (2.4) 312 (1.4) 
West North Central 5,036 (4.3) 3,983 (4.3) 55 (6.9) 998 (4.4) 
West South Central 12,865 (11.1) 9,475 (10.2) 116 (14.5) 3,274 (14.6) 
Mountain 15,136 (13.0) 11,822 (12.7) 140 (17.5) 3,174 (14.1) 
Pacific 15,298 (13.1) 12,117 (13.0) 82 (10.2) 3,099 (13.8) 
Health system: Bed size range, n (%)     

(continued on next page) 
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3.5. Correlates of hospitalization in patients with diabetes with SARS- 
CoV-2 infection 

Results from the model fit to data for individuals with diabetes 
indicated that patients with T2D were less likely to be hospitalized than 
patients with T1D (AOR, 0.65; 95% CI, 0.53–0.78; Q < 0.001) (Table 4; 
Supplemental Figure 3; Supplemental Table 14). Hispanic patients were 
substantially less likely to be hospitalized than Non-Hispanic White 

patients (AOR, 0.72; 95% CI, 0.66–0.79; Q < 0.001). We also observed 
positive relationships between the odds of hospitalization and HbA1c 
(one percent increase in HbA1c; AOR, 1.05; 95% CI, 1.04–1.07; Q <
0.001), as well as vitamin D deficiency/insufficiency (AOR, 1.52; 95% 
CI, 1.33–1.73; Q < 0.001) (Table 4). Other factors associated with 
increased odds of hospitalization included male sex (AOR, 1.40; 95% CI, 
1.31–1.49; Q < 0.001), public health insurance (vs. private health in-
surance; AOR, 1.32; 95% CI, 1.21–1.45; Q < 0.001) and BMI < 18.5 kg/ 

Table 1 (continued ) 

Characteristic Overall No diabetes Type 1 diabetes Type 2 diabetes 

6–99 1,379 (1.2) 1,025 (1.1) 6 (0.7) 348 (1.5) 
100–199 806 (0.7) 661 (0.7) 1 (0.1) 144 (0.6) 
200–299 2,013 (1.7) 1,615 (1.7) 16 (2.0) 382 (1.7) 
300–499 8,326 (7.2) 6,364 (6.8) 74 (9.2) 1,888 (8.4) 
500–999 22,714 (19.5) 17,455 (18.7) 200 (24.9) 5,059 (22.5) 
≥1,000 81,132 (69.7) 65,978 (70.9) 505 (63.0) 14,649 (65.2) 
Health system: Segment served, n (%)     
Integrated Delivery Network 89,176 (76.6) 71,968 (77.3) 566 (70.6) 16,642 (74.1) 
Regional Hospital 14,237 (12.2) 10,721 (11.5) 115 (14.3) 3,401 (15.1) 
Academic 11,324 (9.7) 9,133 (9.8) 106 (13.2) 2,085 (9.3) 
Community Hospital 825 (0.7) 617 (0.7) 3 (0.4) 205 (0.9) 
Community Healthcare 361 (0.3) 251 (0.3) 2 (0.2) 108 (0.5) 
Children 334 (0.3) 316 (0.3) 10 (1.2) 8 (0.0) 
Critical Access 113 (0.1) 92 (0.1) 0 (0.0) 21 (0.1) 
HbA1c, % (median [IQR]) 6.7 [5.7, 8.4] 5.5 [5.2, 5.8] 9.5 [7.7, 12.0] 7.5 [6.5, 9.3] 
HbA1c, mmol/mol (median [IQR]) 50 [39,68] 37 [33,40] 80 [61,108] 58 [48,78] 
Concurrent hyperglycemia and acidosis, n (%) 2,452 (2.1) 0 (0.0) 182 (22.7) 2,270 (10.1) 
Vitamin D deficiency/insufficiency, n (%) 2 3,227 (2.8) 1,528 (1.6) 84 (10.5) 1,615 (7.2) 
Low vitamin D, lab result not present, n (%) 3 1,572 (48.7) 747 (48.9) 38 (45.2) 787 (48.7) 
Serum 25-hydroxyvitamin D result present, n (%) 4 2,753 (2.4) 1,347 (1.4) 55 (6.9) 1,351 (6.0) 
Serum 25-hydroxyvitamin D, ng/mL (median [IQR]) Y5 27.7 [18.3, 39.1] 28.8 [19.5, 39.3] 22.3 [12.9, 28.9] 27.1 [17.8, 39.2] 
Serum 25-hydroxyvitamin D < 20 ng/mL, n (%) 842 (0.7) 375 (0.4) 25 (3.1) 442 (2.0) 
Serum 25-hydroxyvitamin D 20–30 ng/mL, n (%) 813 (0.7) 406 (0.4) 21 (2.6) 386 (1.7) 
Elixhauser comorbidity score (median [IQR]) 0.0 [0.0, 6.0] 0.0 [0.0, 5.0] 8.0 [3.0, 19.0] 10.0 [3.0, 19.0] 
Elixhauser comorbidity groups, n (median [IQR]) 1.0 [0.0, 4.0] 1.0 [0.0, 2.0] 5.0 [3.0, 8.0] 6.0 [4.0, 8.0] 
EC - Congestive heart failure, n (%) 9,347 (8.0) 3,209 (3.4) 168 (20.9) 5,970 (26.6) 
EC - Cardiac arrhythmias, n (%) 20,126 (17.3) 11,452 (12.3) 304 (37.9) 8,370 (37.2) 
EC - Valvular disease, n (%) 5,418 (4.7) 2,387 (2.6) 83 (10.3) 2,948 (13.1) 
EC - Pulmonary circulation disorders, n (%) 4,230 (3.6) 1,903 (2.0) 78 (9.7) 2,249 (10.0) 
EC - Peripheral vascular disorders, n (%) 5,623 (4.8) 2,075 (2.2) 95 (11.8) 3,453 (15.4) 
EC - Hypertension, n (%) 44,029 (37.8) 23,672 (25.4) 510 (63.6) 19,847 (88.3) 
EC - Paralysis, n (%) 1,714 (1.5) 684 (0.7) 25 (3.1) 1,005 (4.5) 
EC - Neurodegenerative disorders, n (%) 5,372 (4.6) 3,096 (3.3) 113 (14.1) 2,163 (9.6) 
EC - Chronic pulmonary disease, n (%) 21,765 (18.7) 14,097 (15.1) 181 (22.6) 7,487 (33.3) 
EC - Hypothyroidism, n (%) 9,501 (8.2) 5,375 (5.8) 151 (18.8) 3,975 (17.7) 
EC - Renal failure, n (%) 10,460 (9.0) 3,096 (3.3) 273 (34.0) 7,091 (31.6) 
EC - Liver disease, n (%) 8,221 (7.1) 4,247 (4.6) 122 (15.2) 3,852 (17.1) 
EC - Peptic ulcer disease (no bleeding), n (%) 1,269 (1.1) 583 (0.6) 25 (3.1) 661 (2.9) 
EC - AIDS/HIV, n (%) 620 (0.5) 459 (0.5) 5 (0.6) 156 (0.7) 
EC - Lymphoma, n (%) 482 (0.4) 278 (0.3) 9 (1.1) 195 (0.9) 
EC - Metastatic cancer, n (%) 1,060 (0.9) 561 (0.6) 9 (1.1) 490 (2.2) 
EC - Solid tumor without metastasis, n (%) 3,915 (3.4) 2,045 (2.2) 32 (4.0) 1,838 (8.2) 
EC - RA/collagen vascular diseases, n (%) 2,934 (2.5) 1,723 (1.9) 40 (5.0) 1,171 (5.2) 
EC - Coagulopathy, n (%) 7,356 (6.3) 3,553 (3.8) 136 (17.0) 3,667 (16.3) 
EC - Obesity, n (%) 23,118 (19.9) 12,443 (13.4) 221 (27.6) 10,454 (46.5) 
EC - Weight loss, n (%) 5,490 (4.7) 2,498 (2.7) 165 (20.6) 2,827 (12.6) 
EC - Fluid and electrolyte disorders, n (%) 33,550 (28.8) 18,512 (19.9) 615 (76.7) 14,423 (64.2) 
EC - Blood loss anemia, n (%) 1,192 (1.0) 513 (0.6) 27 (3.4) 652 (2.9) 
EC - Deficiency anemia, n (%) 5,842 (5.0) 2,714 (2.9) 152 (19.0) 2,976 (13.2) 
EC - Alcohol abuse, n (%) 375 (0.3) 243 (0.3) 8 (1.0) 124 (0.6) 
EC - Drug abuse, n (%) 5,958 (5.1) 4,239 (4.6) 145 (18.1) 1,574 (7.0) 
EC - Psychosis, n (%) 2,544 (2.2) 1,600 (1.7) 36 (4.5) 908 (4.0) 
EC - Depression, n (%) 13,035 (11.2) 7,615 (8.2) 245 (30.5) 5,175 (23.0) 

1In-hospital mortality was defined as a discharge disposition of “Expired” in conjunction with the COVID-related encounter. 
2Vitamin D deficiency/insufficiency status was extracted from Cerner’s COVID-19 database via International Classification of Disease, 10th Revision (ICD-10) codes 
indicating low vitamin D status and/or via laboratory testing indicating low serum 25-hydroxyvitamin D (<30 ng/mL). Codes used to extract vitamin D data are in 
Supplemental Table 5. 
3Individuals whose low vitamin D status was documented via an ICD-10 code – but not via laboratory testing – within 90 days of the index qualifying encounter 
associated with confirmed SARS-CoV-2 infection. 
4Individuals who had at least one serum 25-hydroxyvitamin D laboratory test result within 90 days of the index qualifying encounter associated with confirmed SARS- 
CoV-2 infection. 
5Calculated using serum 25-hydroxyvitamin D laboratory testing results for all individuals, regardless of vitamin D deficiency/insufficiency status. 
Abbreviations: AIDS/HIV, acquired immunodeficiency syndrome/human immunodeficiency virus; BMI, body mass index; EC, Elixhauser comorbidity; HbA1c, he-
moglobin A1c; IQR, interquartile range; RA, rheumatoid arthritis 
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m2 (vs. 18.5–24.9 kg/m2; AOR, 1.89; 95% CI, 1.27–2.80; Q = 0.003). 
Relative to those whose BMI was 18.5–24.9 kg/m2, individuals whose 
BMI was 25.0–29.9, 30.0–34.9, or 35.0–39.9 kg/m2 were less likely to 
be hospitalized. BMI >=40 kg/m2 was not a significant predictor for 
hospitalization in this cohort (Table 4; Supplemental Figure 3). Relative 
to the West South Central census division, higher odds of hospitalization 
were observed in the geographic regions comprising the Middle Atlantic 

Table 2 
Adjusted odds ratios: Correlates of hospitalization in adults with SARS-CoV-2 
infection.  

Model Characteristic Adjusted Odds 
Ratio (95% CI)* 

q- 
value 

Elixhauser 
comorbidity 
score 

Diabetes status    

No diabetes 1 [Reference]   
Type 1 diabetes 5.06 (4.23–6.06)  <0.001  
Type 2 diabetes 2.16 (2.07–2.25)  <0.001  
Age (years)    
18–29 1 [Reference]   
30–39 1.16 (1.10–1.22)  <0.001  
40–49 1.32 (1.25–1.39)  <0.001  
50–59 1.86 (1.76–1.95)  <0.001  
60–69 2.59 (2.45–2.74)  <0.001  
70–79 3.48 (3.25–3.72)  <0.001  
80+ 6.22 (5.75–6.72)  <0.001  
Sex    
Female 1 [Reference]   
Male 1.22 (1.18–1.25)  <0.001  
Race and ethnicity    
Non-Hispanic White 1 [Reference]   
Non-Hispanic Black 0.83 (0.79–0.87)  <0.001  
Hispanic 0.84 (0.80–0.87)  <0.001  
AAPI/AIAN/NHO 1.06 (1.00–1.13)  0.068  
Payer    
Private insurance 1 [Reference]   
Public insurance 1.40 (1.33–1.48)  <0.001  
Government/Military 0.91 (0.79–1.05)  0.291  
Charity/Other 1.10 (0.94–1.28)  0.345  
Self-pay 0.70 (0.65–0.76)  <0.001  
BMI (kg/m2)    
18.5–24.9 1 [Reference]   
<18.5 1.22 (1.08–1.39)  0.003  
25.0–29.9 1.03 (0.99–1.08)  0.217  
30.0–34.9 1.15 (1.10–1.21)  <0.001  
35.0–39.9 1.31 (1.24–1.39)  <0.001  
>=40 1.71 (1.61–1.81)  <0.001  
Census division    
West South Central 1 [Reference]   
East North Central 1.09 (0.54–2.21)  0.832  
East South Central 1.67 (0.56–5.01)  0.447  
Middle Atlantic 1.58 (0.56–4.41)  0.469  
Mountain 1.17 (0.51–2.66)  0.758  
New England 1.59 (0.65–3.92)  0.398  
Pacific 0.87 (0.38–2.03)  0.793  
South Atlantic 0.74 (0.29–1.86)  0.592  
West North Central 0.78 (0.39–1.55)  0.553  
Vitamin D deficiency/ 
insufficiency 

1.71 (1.56–1.87)  <0.001  

Elixhauser comorbidity 
score 

1.08 (1.08–1.08)  <0.001 

Elixhauser 
comorbidities 

Diabetes status    

No diabetes 1 [Reference]   
Type 1 diabetes 2.69 (2.23–3.25)  <0.001  
Type 2 diabetes 1.48 (1.41–1.55)  <0.001  
Age (years)    
18–29 1 [Reference]   
30–39 1.07 (1.02–1.13)  0.018  
40–49 1.16 (1.10–1.23)  <0.001  
50–59 1.58 (1.50–1.67)  <0.001  
60–69 2.16 (2.04–2.30)  <0.001  
70–79 2.87 (2.67–3.09)  <0.001  
80+ 4.78 (4.39–5.20)  <0.001  
Sex    
Female 1 [Reference]   
Male 1.19 (1.16–1.23)  <0.001  
Race and ethnicity    
Non-Hispanic White 1 [Reference]   
Non-Hispanic Black 0.80 (0.76–0.85)  <0.001  
Hispanic 0.90 (0.86–0.94)  <0.001  
AAPI/AIAN/NHO 1.10 (1.03–1.17)  0.005  
Payer    
Private insurance 1 [Reference]   

Table 2 (continued ) 

Model Characteristic Adjusted Odds 
Ratio (95% CI)* 

q- 
value  

Public insurance 1.25 (1.19–1.32)  <0.001  
Government/Military 0.86 (0.74–1.00)  0.076  
Charity/Other 1.08 (0.91–1.29)  0.447  
Self-pay 0.71 (0.66–0.76)  <0.001  
BMI (kg/m2)    
18.5–24.9 1 [Reference]   
<18.5 1.14 (1.00–1.30)  0.073  
25.0–29.9 1.06 (1.02–1.11)  0.013  
30.0–34.9 1.16 (1.10–1.22)  <0.001  
35.0–39.9 1.28 (1.21–1.36)  <0.001  
>=40 1.54 (1.45–1.64)  <0.001  
Census division    
West South Central 1 [Reference]   
East North Central 1.36 (0.66–2.82)  0.484  
East South Central 3.01 (1.07–8.51)  0.063  
Middle Atlantic 2.71 (1.04–7.05)  0.067  
Mountain 1.55 (0.67–3.55)  0.393  
New England 2.21 (0.90–5.39)  0.126  
Pacific 1.47 (0.71–3.06)  0.393  
South Atlantic 1.40 (0.67–2.95)  0.456  
West North Central 1.09 (0.54–2.20)  0.834  
Vitamin D deficiency/ 
insufficiency 

1.46 (1.33–1.61)  <0.001  

Congestive heart failure 1.37 (1.28–1.47)  <0.001  
Cardiac arrhythmias 1.30 (1.24–1.36)  <0.001  
Valvular disease 0.91 (0.83–0.99)  0.049  
Pulmonary circulation 
disorders 

1.93 (1.76–2.13)  <0.001  

Peripheral vascular 
disorders 

0.92 (0.85–1.00)  0.063  

Hypertension 1.39 (1.33–1.45)  <0.001  
Paralysis 1.73 (1.50–2.01)  <0.001  
Neurodegenerative 
disorders 

1.41 (1.31–1.53)  <0.001  

Chronic pulmonary 
disease 

0.95 (0.91–0.99)  0.025  

Hypothyroidism 1.08 (1.02–1.14)  0.020  
Renal failure 1.42 (1.33–1.52)  <0.001  
Liver disease 1.05 (0.98–1.11)  0.215  
Peptic ulcer disease (no 
bleeding) 

0.79 (0.68–0.93)  0.006  

AIDS/HIV 1.42 (1.17–1.72)  0.001  
Lymphoma 1.06 (0.83–1.36)  0.687  
Metastatic cancer 1.71 (1.41–2.08)  <0.001  
Solid tumor without 
metastasis 

0.99 (0.90–1.09)  0.913  

RA/collagen vascular 
diseases 

0.96 (0.87–1.06)  0.484  

Coagulopathy 2.91 (2.70–3.13)  <0.001  
Weight loss 1.61 (1.48–1.76)  <0.001  
Fluid and electrolyte 
disorders 

3.75 (3.61–3.88)  <0.001  

Blood loss anemia 1.02 (0.86–1.21)  0.832  
Deficiency anemia 1.32 (1.22–1.43)  <0.001  
Alcohol abuse 0.85 (0.65–1.12)  0.343  
Drug abuse 1.20 (1.11–1.28)  <0.001  
Psychosis 1.25 (1.12–1.38)  <0.001  
Depression 0.90 (0.86–0.95)  <0.001 

Table legend: Forest plots of the adjusted odds ratios for each model are in 
Supplemental Figures 1 and 2. Unadjusted odds ratios are in Supplemental 
Table 12. 
Abbreviations: AAPI/AIAN/NHO, Asian American/Pacific Islander, American 
Indian/Alaska Native, Non-Hispanic Other; AIDS/HIV, acquired immunodefi-
ciency syndrome/human immunodeficiency virus; BMI, body mass index; RA, 
rheumatoid arthritis 
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census division (New Jersey, New York, Pennsylvania) and the East 
South Central census division (Alabama, Kentucky, Mississippi, Ten-
nessee) (Table 4; Supplemental Figure 3). 

4. Discussion 

We evaluated factors associated with hospitalization in adults with 
and without diabetes with concurrent SARS-CoV-2 infection. We sub-
sequently analyzed factors associated with hospitalization in the subset 
of adults with diabetes. 

A key finding from our analysis of the entire cohort is that the odds of 
hospitalization, relative to individuals with no diabetes diagnosis, were 
higher for those with T1D than those with T2D. A similar finding was 
reported in a smaller population-based study in Greater Manchester, UK. 
[28] We expand upon this previous finding using a larger patient cohort 
that adjusts for clustering of patients within health systems. To our 
knowledge, this is the first US-based, nationwide study to comprehen-
sively evaluate risk factors for hospitalization in a population of in-
dividuals with acute SARS-CoV-2 infection with well-characterized 
diabetes status (no diabetes, T1D, or T2D). 

Another key finding was that, after additionally controlling for 
HbA1c and concurrent hyperglycemia and acidosis in the subset of pa-
tients with diabetes, hospitalization risk remained substantially higher 
in T1D than T2D. This finding, which suggests that baseline risk for 
severe COVID-19 is higher in T1D than T2D, is consistent with earlier 
evidence that COVID-19-associated mortality is higher in T1D than T2D. 
[29] Although the reasons for this difference are not fully known, prior 
research demonstrates that compromised cardiometabolic and renal 
health are strongly linked with worse outcomes in COVID-19.[6,30] 
Given that the burden of cardiovascular and renal disease is higher in 
T1D than T2D,[31] it is possible that the increased cardiovascular and 
renal disease burden in individuals with T1D may be a factor underlying 
the more severe outcomes, as well as increased odds of hospitalization, 
observed in these individuals. In our cohort, we found that the pro-
portions of individuals with T1D vs. T2D who were affected by cardiac 
arrhythmias, valvular disease, pulmonary circulation disorders, pe-
ripheral vascular disorders, and renal failure were similar, even though 
median age in the T1D cohort was 22 years younger than that of the T2D 
cohort (Table 1). Further study is needed to elucidate the underlying 
cause(s) of these more severe outcomes in T1D. 

4.1. Entire study cohort 

This study is one of the first to meaningfully report COVID-associated 
risk for hospitalization in AAPI/AIAN/NHO individuals. We found that 
AAPI/AIAN/NHO race/ethnicity status exerted a non-additive effect 
that exacerbated the increased hospitalization risk associated with dia-
betes. In other words, the risk increase associated with diabetes was 
more pronounced among AAPI/AIAN/NHO individuals than among 
Non-Hispanic White individuals. Of note, all 13 AAPI/AIAN/NHO in-
dividuals with T1D were hospitalized (Supplemental Table 9). Given the 
small number of individuals in this subgroup (n = 13), however, addi-
tional studies are needed to validate this finding. 

Contrary to our expectations, we found that risk for hospitalization in 
the overall cohort was decreased in Non-Hispanic Black and Hispanic 
individuals, relative to Non-Hispanic White individuals. Our models 
adjusted for geographic region and payer status (a proxy for socioeco-
nomic status), as potential confounders of the association between race 
and ethnicity and COVID-19-related hospitalization. Relative to Non- 
Hispanic White individuals, a higher percentage of IQEs for Non- 
Hispanic Black, Hispanic, and AAPI/AIAN/NHO individuals were ED 
encounters, rather than inpatient encounters (Supplemental 
Tables 8–10). The lower odds of hospitalization observed in Non- 
Hispanic Black and Hispanic individuals may reflect increased utiliza-
tion of EDs for COVID-19 encounters that did not require subsequent 
hospitalization. Alternatively, Non-Hispanic Black and Hispanic in-
dividuals whose IQEs were ED encounters may have been less likely than 
Non-Hispanic White individuals to consent to hospital admission; or 
perhaps they were less likely, overall, to access care for their condition. 

A considerable body of research has focused on disproportionate risk 
of more severe COVID-19 illness in ethnic and racial minority pop-
ulations. While it is generally agreed that racial and ethnic minority 
populations are at higher risk of SARS-CoV-2 infection and perhaps also 
COVID-19-related hospitalization, the totality of the evidence pertaining 
to COVID-19-related outcomes such as ICU admission, mechanical 
ventilation, and mortality is mixed.[8–13] Prior studies support the 
conclusion that Non-Hispanic Black and Hispanic individuals are at 
increased risk of hospitalization,[9,10] although one meta-analysis 
noted inconsistent findings for Non-Hispanic Black individuals.[9] A 
separate meta-analysis that also adjusted for comorbidities concluded 
that the odds of hospitalization among Hispanic individuals may be 
slightly higher than that of Non-Hispanic White individuals, while the 
risk for Non-Hispanic Black and Asian individuals was not substantially 

Table 3 
Adjusted odds ratios: Interaction effects for diabetes status by age group and race and ethnicity.  

Effect of diabetes status by age group*  

Age 18–29 Age 30–39 Age 40–49 Age 50–59 Age 60–69 Age 70–79 Age 80+

No diabetes diagnosis 1 1.14 1.28 1.83 2.6 3.74 7.01 
(No diabetes, main effect aOR) 

T1D 5.39 5.54 3.55 7.01 7.91 17.46 17.47 
(T1D main effect) 

T2D 2.22 3.02 3.13 4.01 5.39 6.39 9.55 
(T2D main effect) 

Effect of diabetes status by race and ethnicity**  
Non-Hispanic White Non-Hispanic Black Hispanic AAPI/AIAN/    

NHO 
No diabetes diagnosis 1 0.81 0.83 1.07    

(No diabetes, main effect aOR) 
T1D 5.39 6.37 5.25 16.52    

(T1D main effect) 
T2D 2.22 2.07 1.92 2.3    

(T2D main effect) 

Table legend: The referent group for the “diabetes status X age” interaction term was the group of individuals who did not have diabetes who were age 18–29. The 
referent group for the “diabetes status X race and ethnicity” interaction term was the group of individuals who did not have diabetes who were Non-Hispanic White. 
Beta coefficients and q-values for the fully adjusted model are in Supplemental Table 13. 
Abbreviations: aOR, adjusted odds ratio; AAPI/AIAN/NHO, Asian American/Pacific Islander, American Indian/Alaska Native, Non-Hispanic Other; T1D, Type 1 
diabetes; T2D, Type 2 diabetes 
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different from that of Non-Hispanic White individuals.[13] Overall, in 
patients with and without diabetes, evidence from previous studies 
suggests that race and ethnicity is likely not an independent risk factor 
for hospitalization in individuals with acute SARS-CoV-2 infection. 
However, as one of the first studies to report on this outcome in AAPI/ 
AIAN/NHO individuals, our finding that the risk of hospitalization is 
elevated in this patient subgroup warrants further study. 

Our results for the entire study cohort (with and without diabetes) 
are consistent with those found in existing literature, which note that 
diabetes,[2,5,6] older age,[5] male sex,[5] public insurance[32,33], and 
increased BMI[34,35] are associated with increased risk for COVID-19- 
related hospitalization. Further, we found that vitamin D deficiency/ 
insufficiency was an independent risk factor for hospitalization. This 
finding persisted regardless of the method used to adjust for comorbidity 
burden, viz., a condensed numeric score (i.e., ECS) or full adjustment for 
individual underlying conditions. The present study is, by far, the largest 
US-based study to evaluate the relationship between vitamin D defi-
ciency/insufficiency and risk for hospitalization in COVID-19, as well as 

to adjust for potential confounding from a large number of underlying 
medical conditions.[36–38] 

4.2. Subset of individuals with diabetes 

Our findings also indicate that a positive relationship exists between 
HbA1c and risk for hospitalization in patients with diabetes, under-
scoring the potential role of long-term glycemic control in advancing 
risk stratification efforts. Although some studies have identified elevated 
HbA1c as a prognostic indicator for increased inflammatory markers, 
disease progression, and higher mortality risk in COVID-19 illness, 
[39–42] other studies have not.[28,42,43] Of note, the latter studies did 
not evaluate the outcome of hospitalization in individuals with SARS- 
CoV-2 infection. Further evaluation of HbA1c data in this study indi-
cated that median HbA1c was higher in hospitalized (versus non- 
hospitalized) individuals with both T1D and T2D, particularly in in-
dividuals in the youngest age groups (Supplemental Figure 4). 

We report that vitamin D deficiency/insufficiency increases odds of 
hospitalization in individuals with diabetes and SARS-CoV-2 infection, 
as previously described.[7,39,44] The widely reported relationship be-
tween low vitamin D and diabetes is likely multifactorial in nature and is 
hypothesized to result from decreased uptake of vitamin D due to 
diabetes-related autonomic neuropathy, reduced dietary intake of 
vitamin D, less outdoor exposure to sunlight secondary to decreased 
physical activity, and/or reduced activation of vitamin D3 in the kidney 
secondary to insulin deficiency.[44–46] There is a growing body of 
evidence that indicates that low vitamin D is associated with hypoxemia, 
increased lactate dehydrogenase, and increased inflammatory and 
coagulation biomarkers during COVID-19 illness.[39,44] A recent line 
of research established that individuals with T1D with concurrent SARS- 
CoV-2 infection had demonstrably lower vitamin D levels, relative to 
controls and to individuals with T1D who were not infected.[39] In 
persons with T1D with and without SARS-CoV-2, vitamin D levels 
negatively correlated with lactate dehydrogenase, C-reactive protein, 
erythrocyte sedimentation rate, ferritin, and D-dimer – all prognostic 
indicators of worse outcomes in COVID-19 illness.[39] 

Analysis of the entire cohort suggests a J-shaped association of BMI 
with risk of hospitalization (Supplemental Figure 1). However, in the 
subset of patients with diabetes, heightened risk was only present in 
those with the lowest BMI (<18.5 kg/m2). Elevated risk observed in 
those with low BMI may reflect unmeasured confounding due to factors 
related to weight reduction that were not included in our models or to 
other unknown confounding variables. Alternatively, this finding may 
represent a true effect, similar to a previous study that noted excess risk 
for mortality in individuals with diabetes who had low BMI and con-
current SARS-CoV-2 infection.[47] The finding that hospitalization risk 
was not substantially increased in those with diabetes with high BMI 
(>=40.0 kg/m2) was unexpected. However, if the association between 
BMI and hospitalization is related to deposition of excess ectopic fat, 
which is also implicated in the pathophysiology of T2D, it can be hy-
pothesized that an attenuated association with elevated BMI exists in 
this population.[47,48] 

4.3. Strengths and limitations 

Strengths of this study include its large size, adjustment for differ-
ences across health systems, and comprehensive evaluation of associa-
tions between demographic, clinical, and comorbidity factors associated 
with COVID-19 hospitalization. This study uses real-world EHR data to 
examine a well-characterized population of individuals with and 
without diabetes, thereby strengthening confidence in our findings 
across each diabetes status. 

This study also has several limitations. Given that this study aimed to 
evaluate the impact of sociodemographic and comorbidity factors on the 
odds of COVID-19-related hospitalization, we limited variables in our 
analysis to those that reflected such factors. This study’s results must 

Table 4 
Adjusted odds ratios: Correlates of hospitalization in adults with diabetes with 
SARS-CoV-2 infection.  

Characteristic Adjusted Odds Ratio (95% 
CI) 

p- 
value 

Type 2 diabetes 0.65 (0.53–0.78)  <0.001 
Age (years)   
18–29 1 [Reference]  
30–39 1.55 (1.23–1.95)  <0.001 
40–49 1.64 (1.32–2.03)  <0.001 
50–59 2.36 (1.91–2.91)  <0.001 
60–69 3.69 (2.98–4.55)  <0.001 
70–79 5.41 (4.34–6.74)  <0.001 
80+ 9.16 (7.25–11.57)  <0.001 
Sex   
Female 1 [Reference]  
Male 1.40 (1.31–1.49)  <0.001 
Race and ethnicity   
Non-Hispanic White 1 [Reference]  
Non-Hispanic Black 0.94 (0.85–1.04)  0.345 
Hispanic 0.72 (0.66–0.79)  <0.001 
AAPI/AIAN/NHO 0.92 (0.81–1.05)  0.334 
Payer   
Private insurance 1 [Reference]  
Public insurance 1.32 (1.21–1.45)  <0.001 
Government/Military 1.07 (0.81–1.41)  0.696 
Charity/Other 1.20 (0.87–1.64)  0.350 
Self-pay 0.79 (0.68–0.91)  0.003 
BMI (kg/m2)   
18.5–24.9 1 [Reference]  
<18.5 1.89 (1.27–2.80)  0.003 
25.0–29.9 0.83 (0.75–0.93)  0.002 
30.0–34.9 0.74 (0.67–0.83)  <0.001 
35.0–39.9 0.83 (0.73–0.94)  0.005 
>=40 1.04 (0.92–1.18)  0.553 
Census division   
West South Central 1 [Reference]  
East North Central 1.18 (0.59–2.35)  0.702 
East South Central 3.67 (1.35–9.97)  0.019 
Middle Atlantic 2.38 (1.01–5.58)  0.073 
Mountain 1.24 (0.56–2.72)  0.667 
New England 1.54 (0.63–3.78)  0.436 
Pacific 1.33 (0.66–2.67)  0.505 
South Atlantic 1.36 (0.69–2.66)  0.456 
West North Central 0.77 (0.40–1.50)  0.526 
Vitamin D deficiency/insufficiency 1.52 (1.33–1.73)  <0.001 
Concurrent hyperglycemia and 

acidosis 
11.50 (9.31–14.20)  <0.001 

Hemoglobin A1c* 1.05 (1.04–1.07)  <0.001 

Table legend: A forest plot of the adjusted odds ratios is in Supplemental 
Figure 3. Unadjusted odds ratios are in Supplemental Table 14. 
*HbA1c was analyzed as a continuous variable, in NGSP units (%). 
Abbreviations: AAPI/AIAN/NHO, Asian American/Pacific Islander, American 
Indian/Alaska Native, Non-Hispanic Other; BMI, body mass index 

E.M. Tallon et al.                                                                                                                                                                                                                               



Diabetes Research and Clinical Practice 194 (2022) 110156

10

therefore be interpreted with the understanding that inclusion of addi-
tional clinical variables (e.g., vital signs at admission, intubation status, 
etc.) would likely modify relationships observed in this analysis. 

EHRs serve as rich repositories of longitudinal health data that can be 
analyzed for clinical and public health research, but issues pertaining to 
data quality must be considered. As in other studies that have analyzed 
large-scale EHR data, we used various data elements in Cerner Real- 
World DataTM (e.g., ICD codes, temporal criteria, etc.) to develop clini-
cally relevant case definitions for clinical phenotypes and comorbid 
conditions. A limitation of this approach is that few such case definitions 
have been rigorously validated using manual chart review. Therefore, 
although we employed case definitions (and in some cases, used previ-
ously published algorithms) that we believe captured the vast majority 
of patients presenting with various characteristics or comorbidities, it is 
possible that patients with some conditions – including those with dia-
betes – were misclassified or not identified. 

For example, our case definition for COVID-19 was based on pres-
ence of a positive polymerase chain reaction (PCR) test result for SARS- 
CoV-2 infection. As such, an important limitation is that individuals with 
true infection who had false-negative PCR test results were excluded 
from analysis, whereas individuals with false-positive PCR results were 
included. 

Our model estimates suggest that the odds of hospitalization in in-
dividuals with certain comorbidities (e.g., peptic ulcer disease, depres-
sion, valvular disease, peripheral vascular disorders, and chronic 
pulmonary disease) were decreased, relative to individuals who did not 
have those comorbidities. There could be several explanations for these 
findings. The comorbidity measures developed by Elixhauser et al. 
[21,22] (also referred to as “Elixhauser comorbidities”) are frequently 
used in studies of administrative (i.e., claims) and EHR data, to adjust for 
comorbidity burden in health outcomes research. Importantly, however, 
the definitions for these comorbidity measures were developed using 
administrative data. Therefore, the case definitions for each condition 
are based only on presence/absence of diagnosis codes and do not ac-
count for other data types (e.g., prescriptions, laboratory results, etc.) 
that may be useful for identifying presence of comorbid conditions. Also, 
certain Elixhauser comorbidities represent broad categories of health 
conditions. For example, conditions that fall under the category of 
“chronic pulmonary disease” include bronchitis, emphysema, asthma, 
and pneumoconiosis, as well as respiratory conditions caused by inha-
lation of other agents.[21] It is possible that some of the individual 
conditions captured under the term “chronic pulmonary disease” may be 
associated with increased risk of COVID-19-related hospitalization, 
while others may not. For example, a recent systematic review and meta- 
analysis concluded that chronic obstructive pulmonary disease 
conferred increased risk of hospitalization in individuals with COVID- 
19; however, asthma did not.[49] 

We used diagnosis codes and laboratory testing results to improve 
capture of cases of low vitamin D; however, doing so resulted in the loss 
of some granularity in the data. Given that individuals with a diagnosis 
code for low vitamin D did not always have a corresponding lab result 
confirming their vitamin D status, we defined low vitamin D, in in-
stances where lab results were available, as a serum 25-hydroxyvitamin 
D threshold of < 30 ng/mL. Additional studies with more complete lab 
result data are needed to evaluate the impact of low vitamin D using 
different thresholds (e.g., <20 ng/mL vs. < 30 ng/mL). Of note, some 
health insurance (e.g., Medicare) does not cover the cost of routine 
serum 25-hydroxyvitamin D screening, which may result in underesti-
mation of the true prevalence of vitamin D deficiency/insufficiency. 

Inherent differences in diagnostic and lab coding practices across 
healthcare systems did not allow us to consistently distinguish between 
presence of acidosis due to DKA and presence of acidosis due to other 
underlying causes (e.g., sepsis). For this reason, our statistical models 
adjusted for concurrent hyperglycemia and acidosis, rather than DKA. 
Additional research is needed to develop and validate an optimal case 
definition for DKA in aggregate EHRs. 

Cerner Real-World DataTM is subject to errors in data entry or missing 
data that can happen as part of clinical care. To minimize this impact, we 
performed continuous data quality checks, used robust data outlier 
detection methods, and employed multiple imputation to address issues 
related to incomplete data. Because our analysis was limited to health-
care systems that use Cerner’s EHR and have a signed data use agree-
ment with Cerner, findings may not generalize to all health systems. 

Results from this study have important implications for addressing 
concerns related to modifiable and non-modifiable risk factors for 
COVID-19-related hospitalization. Several risk factors identified in this 
analysis (e.g., BMI, HbA1c, and low vitamin D) are modifiable through 
healthcare or self-management interventions. We suggest that these 
findings, along with results from similar studies evaluating risk factors 
for increased severity of COVID-19 illness, can inform public health 
guidance, improve ongoing COVID-19 risk stratification efforts, and 
encourage individuals with diabetes to continue engagement with dia-
betes self-management and health promoting behaviors. Future work 
must additionally account for factors that reflect the temporal and 
clinical course, as well as severity, of COVID-19 illness. 

4.4. Conclusion 

After controlling for HbA1c and concurrent hyperglycemia and 
acidosis in those with diabetes, T1D was the diabetes status associated 
with the highest risk for COVID-19-related hospitalization. Further 
research on modifiable risk factors is needed to develop tailored ap-
proaches for mitigating the likelihood and impact of severe COVID-19 
illness in individuals with diabetes. 
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