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ABSTRACT
Objectives We sought to examine in individuals with 
SARS- CoV- 2 infection whether risk for thrombotic and 
thromboembolic events (TTE) is modified by presence of 
a diabetes diagnosis. Furthermore, we analysed whether 
differential risk for TTEs exists in type 1 diabetes mellitus 
(T1DM) versus type 2 diabetes mellitus (T2DM).
Design Retrospective case–control study.
Setting The December 2020 version of the Cerner 
Real- World Data COVID- 19 database is a deidentified, 
nationwide database containing electronic medical record 
(EMR) data from 87 US- based health systems.
Participants We analysed EMR data for 322 482 patients 
>17 years old with suspected or confirmed SARS- CoV- 2 
infection who received care between December 2019 and 
mid- September 2020. Of these, 2750 had T1DM; 57 811 
had T2DM; and 261 921 did not have diabetes.
Outcome TTE, defined as presence of a diagnosis code 
for myocardial infarction, thrombotic stroke, pulmonary 
embolism, deep vein thrombosis or other TTE.
Results Odds of TTE were substantially higher in patients 
with T1DM (adjusted OR (AOR) 2.23 (1.93–2.59)) and 
T2DM (AOR 1.52 (1.46–1.58)) versus no diabetes. Among 
patients with diabetes, odds of TTE were lower in T2DM 
versus T1DM (AOR 0.84 (0.72–0.98)).
Conclusions Risk of TTE during COVID- 19 illness is 
substantially higher in patients with diabetes. Further, 
risk for TTEs is higher in those with T1DM versus T2DM. 
Confirmation of increased diabetes- associated clotting risk 
in future studies may warrant incorporation of diabetes 
status into SARS- CoV- 2 infection treatment algorithms.

INTRODUCTION
As of December 2022, over 653 million 
people have been diagnosed with COVID- 19 
worldwide, with more than 6 million deaths 
reported.1 Higher rates of COVID- 19- 
associated mortality are reported in adults with 

type 1 (T1DM) and type 2 diabetes mellitus 
(T2DM).2 3 The risk of COVID- 19- associated 
mortality in patients with diabetes increases 
with age, with rare exceptions reported in 
young adults with T2DM.3 Impaired immu-
nity, a proinflammatory state, and increased 
prevalence of cardiovascular disease are 
postulated as reasons for increased mortality 
risk in patients with diabetes.4 Endothelial 
dysfunction and increased risk for thrombotic 
and thromboembolic events (TTE) are asso-
ciated with both diabetes and COVID- 19 and 
are reported in patients with COVID- 19 inde-
pendent of diabetes diagnosis5–7 as well as 
in adults with T1DM or T2DM independent 
of COVID- 19 illness.8 This hypercoagulable 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Strengths of this study include its large, nationwide 
sample and the rigorous processes used to iden-
tify individuals with diabetes versus those without 
diabetes.

 ⇒ While the use of diagnosis codes to identify indi-
viduals who experienced thrombotic and thrombo-
embolic events (TTE) is likely to have captured the 
vast majority of TTE cases, this case identification 
method may have misclassified or missed some TTE 
cases.

 ⇒ Data pertaining to medication use were not included 
because the validity of medication data in electronic 
medical records varies substantially across medica-
tion classes.

 ⇒ Additional studies using pharmacy claims data are 
needed to evaluate the impact of patients’ medica-
tion exposures on TTE outcomes in individuals with 
SARS- CoV- 2 infection.
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state can be triggered either by infection generally or by 
SARS- CoV- 2 infection directly.

To date, little is known about whether individuals with 
acute COVID- 19 illness with pre- existing T1DM or T2DM 
have higher risk for TTE than those without diabetes. 
Higher risk for TTE could partially explain differences 
in outcomes, warranting additional study into targeted 
interventions or therapeutics for patients with COVID- 19 
and diabetes.

SUBJECTS, MATERIALS AND METHODS
Study design and data source
We conducted a case–control study using Oracle Cern-
er’s nationwide deidentified COVID- 19 database, curated 
from the Cerner Real- World Data (CRWD) clinical data 
warehouse.9 We stratified patients by diabetes status 
(T1DM, T2DM or no diabetes) to summarise demo-
graphic and clinical characteristics of patients with and 
without diabetes. We then examined these character-
istics as correlates of TTE in patients with suspected or 
confirmed SARS- CoV- 2 infection. We also examined the 
impact of diabetes type and other characteristics on the 
likelihood of TTE in the subset of patients with diabetes.

The December 2020 version (2020Q3 CRWD COVID 
database release) of Oracle Cerner’s COVID- 19 data-
base contains longitudinal electronic medical record 
(EMR) data for 490 373 patients seen or admitted at 87 
US- based health systems between 1 December 2019 and 
mid- September 2020. (Ambiguity in the latter date is 
due to date shifting in the deidentified database.) The 
database includes patients from CRWD with a healthcare 
encounter associated with a positive result for a COVID- 
related laboratory test or a diagnosis code associated with 
suspected or confirmed SARS- CoV- 2 infection.10 11

Oracle Cerner curated its COVID- 19 database to capture 
as many SARS- CoV- 2 infection cases as possible.10 11 The 
diagnosis and laboratory test codes that Oracle Cerner 
designated as ‘qualifying’ codes for the purposes of 
inclusion in the data set were intentionally kept broad 
(online supplemental tables 1 and 2). This allowed for 
full capture despite the lack of COVID- 19- specific codes 
at the onset of the pandemic. Oracle Cerner flagged a 
subset of these codes as more apt to indicate definitive 
SARS- CoV- 2 infection (online supplemental tables 1 and 
2).10 We considered individuals assigned one of the codes 
in this subset at the time of the index qualifying encounter 
(IQE) that qualified them for inclusion in the database 
to be ‘confirmed’ SARS- CoV- 2 infection cases. All other 
individuals were considered ‘suspected’ infection cases. 
In this study, we therefore analysed two separate cohorts: 
(1) all patients with either suspected or confirmed SARS- 
CoV- 2 infection, and (2) only patients with confirmed 
SARS- CoV- 2 infection. Following a primary analysis with 
the first cohort, we conducted a sensitivity analysis with 
the second cohort. The database also contains patients’ 
historical data dating back to 1 January 2015.

Diabetes status definitions
Using diagnosis, medication and laboratory data specified 
in the validated SUrveillance, PREvention, and ManagE-
ment of Diabetes Mellitus (SUPREME- DM) algorithm, we 
identified a well- defined subset of sample patients with 
diabetes of any type.12 We used an online conversion tool 
( ICD10Data. com) to map the International Classification 
of Diseases, Tenth Revision, Clinical Modification (ICD- 
10) codes in Oracle Cerner’s database to ICD- 9 codes in 
the SUPREME- DM algorithm (online supplemental table 
3).

Patients from the SUPREME- DM cohort who met criteria 
from a validated algorithm for identifying T1DM cases (viz 
the Klompas Optimized Algorithm) were identified as having 
T1DM.12 Individuals meeting criteria for the US Food and 
Drug Administration Sentinel Initiative Workgroup’s T2DM 
Algorithm (Option 1) were identified as having T2DM.12 
Patients who did not have diabetes were those with no 
diabetes- related ICD codes or medications,12 no HbA1c 
result ≥6.5% (≥48 mmol/mol), no fasting plasma glucose 
≥126 mg/dL and no random plasma glucose ≥200 mg/dL 
(online supplemental figure 1).

Outcomes
The primary outcome was TTE (of any type), documented 
using ICD- 9 and ICD- 10 codes, in association with the 
IQE. In Oracle Cerner’s COVID- 19 database, every diag-
nosis code assigned to a patient is linked to the encounter 
at which the condition was recorded. A patient was 
defined as a TTE case if a diagnosis code for one or more 
of the following conditions was assigned at the patient’s 
IQE: (a) myocardial infarction (MI), (b) thrombotic 
stroke (TS), (c) pulmonary embolism (PE), (d) deep vein 
thrombosis (DVT), (e) superficial or unspecified TTE, 
(f) arterial TTE or (g) other TTE (online supplemental 
table 4). We also examined factors associated with each 
of four subtypes of TTE (MI, TS, PE and DVT) in the 
overall sample, as well as factors associated with TTE (of 
any type) in the subset of patients with diabetes.

Patient characteristics
For each patient, we extracted diabetes status, age, sex, 
race and ethnicity, body mass index (BMI), encounter 
type, length of stay (inpatient encounters only), HbA1c, 
history of TTE and health system census division (table 1).

Only two out of 53 332 patients <18 years old experi-
enced a TTE; therefore, patients <18 years old were 
excluded. Sex was categorised as male or female. History 
of TTE was identified using ICD- 9 and ICD- 10 codes for 
MI, TS, PE, DVT and other TTEs documented prior to 
the IQE service date (online supplemental appendix 1). 
Patients with no TTE documented prior to the IQE were 
presumed to have no history of TTE. Census division was 
classified according to US Census Bureau designations.

BMI was recorded, or calculated from height and 
weight as needed, using data collected at the IQE if 
available, or at the closest visit within 12 months of the 
IQE. HbA1c was defined as the HbA1c measurement 
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Table 1 Patient and health system characteristics for 322 482 individuals with suspected or confirmed COVID- 19

Characteristic Overall No diabetes Type 1 diabetes Type 2 diabetes

Total, n 322 482 261 921 2750 57 811

Age, years (median (IQR))* 48 (32, 64) 42 (29, 59) 41 (29, 57) 65 (55, 75)

Age categories, years, n (%)

  18–29 67 808 (21.0) 66 358 (25.3) 726 (26.4) 724 (1.3)

  30–39 55 634 (17.3) 52 711 (20.1) 587 (21.3) 2336 (4.0)

  40–49 47 348 (14.7) 41 072 (15.7) 450 (16.4) 5826 (10.1)

  50–59 49 510 (15.4) 37 624 (14.4) 395 (14.4) 11 491 (19.9)

  60–69 42 333 (13.1) 27 443 (10.5) 306 (11.1) 14 584 (25.2)

  70–79 32 797 (10.2) 19 038 (7.3) 187 (6.8) 13 572 (23.5)

  80–89 26 823 (8.3) 17 515 (6.7) 97 (3.5) 9211 (15.9)

  ≥90 229 (0.1) 160 (0.1) 2 (0.1) 67 (0.1)

Sex, n (%)

  Male 144 264 (44.9) 114 330 (43.8) 1392 (50.7) 28 542 (49.5)

  Female 177 351 (55.0) 146 935 (56.1) 1351 (49.1) 29 065 (50.3)

  Unknown 867 (0.3) 656 (0.3) 7 (0.3) 204 (0.4)

Race/ethnicity, n (%)

  Non- Hispanic White 126 200 (39.1) 100 301 (38.3) 1404 (51.1) 24 495 (42.4)

  Hispanic 112 729 (35.0) 94 295 (36.0) 665 (24.2) 17 769 (30.7)

  Non- Hispanic Black 45 479 (14.1) 35 328 (13.5) 439 (16.0) 9712 (16.8)

  AAPI | AIAN | NHO 17 799 (5.5) 14 121 (5.4) 112 (4.1) 3566 (6.2)

  Unknown ethnicity, White 5403 (1.7) 4678 (1.8) 50 (1.8) 675 (1.2)

  Non- Hispanic, Unknown 
race

3997 (1.2) 3139 (1.2) 44 (1.6) 814 (1.4)

  Unknown ethnicity, Other 
race

2038 (0.6) 1767 (0.7) 13 (0.5) 258 (0.4)

  Unknown ethnicity, Black 1309 (0.4) 1112 (0.4) 8 (0.3) 189 (0.3)

  Unknown ethnicity and 
unknown race

7528 (2.3) 7180 (2.7) 15 (0.5) 333 (0.6)

BMI, kg/m2 (median (IQR)) 28.5 (24.6, 33.7) 28.1 (24.2, 32.9) 25.7 (22.1, 30.5) 30.9 (26.5, 36.6)

BMI categories, kg/m2, n (%)

  <18.5 6238 (1.9) 5339 (2.0) 173 (6.3) 726 (1.3)

  18.5–24.9 68 954 (21.4) 59 038 (22.5) 1019 (37.1) 8897 (15.4)

  25.0–29.9 84 662 (26.3) 68 550 (26.2) 737 (26.8) 15 375 (26.6)

  30.0–34.9 58 506 (18.1) 44 614 (17.0) 383 (13.9) 13 509 (23.4)

  35.0–39.9 30 164 (9.4) 21 674 (8.3) 193 (7.0) 8297 (14.4)

  ≥40.0 26 377 (8.2) 17 323 (6.6) 140 (5.1) 8914 (15.4)

  Unknown 47 581 (14.8) 45 383 (17.3) 105 (3.8) 2093 (3.6)

Encounter type, n (%)

  Emergency 155 954 (48.4) 140 613 (53.7) 638 (23.2) 14 703 (25.4)

  Inpatient (includes admission 
for observation)

128 079 (39.7) 84 814 (32.4) 2053 (74.7) 41 212 (71.3)

  Urgent care encounter 38 449 (11.9) 36 494 (13.9) 59 (2.1) 1896 (3.3)

Length of stay (inpatient 
encounters), days (median 
(IQR))

3.3 (1.9, 6.3) 2.9 (1.7, 5.3) 3.9 (2.0, 7.2) 4.6 (2.3, 8.7)

In- hospital mortality, n (%)† 4314 (1.3) 1607 (0.6) 69 (2.5) 2638 (4.6)

Continued
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documented closest to and within 12 months of the 
IQE. The 12- month timeframe for BMI and HbA1c 
improved data capture and reduced the need for 
imputation of missing values. Codes for extracting 
BMI and HbA1c data are found in online supple-
mental table 5. Outlier detection and removal are 
described in online supplemental appendix 2. For 
each patient, we also extracted historical weight, BMI 
and HbA1c values (ie, values documented closest, and 
at least 1 year prior, to the IQE).

Statistical analysis
Oracle Cerner’s data science ecosystem, called HealtheDa-
taLab, is hosted by Amazon Web Services and powered 
by Apache Spark V.2.4.4 (Apache Software Founda-
tion, Wilmington, Delaware). We used Python V.3.7.6 

(Python Software Foundation) and R V.4.0.2 (R Founda-
tion for Statistical Computing, Vienna, Austria) for data 
extraction and analysis.

We used the mice package in R to create 15 complete 
data sets using multivariate imputation by chained equa-
tions under a missing at random assumption.13 Variables 
in the imputation model included diabetes status, age, 
health system ID, encounter type, presence of each type 
of TTE (ie, MI, TS, PE, DVT, superficial or unspecified 
TTE, arterial TTE and other TTE), history of TTE, sex, 
race, ethnicity, height, historical weight, current weight, 
historical BMI, current BMI, historical HbA1c and 
current HbA1c.

Historical values (defined as values documented 
>1 year prior to the IQE) for weight, BMI and HbA1c 

Characteristic Overall No diabetes Type 1 diabetes Type 2 diabetes

HbA1c, % (median (IQR)) 6.2 (5.5, 7.8) 5.4 (5.2, 5.7) 9.3 (7.6, 11.5) 7.2 (6.3, 8.8)

HbA1c, mmol/mol (median 
(IQR))

44 (37, 62) 36 (33, 39) 78 (60, 102) 55 (45, 73)

History of TTE, n (%) 39 162 (12.1) 18 477 (7.1) 669 (24.3) 20 016 (34.6)

TTE (any type) at the COVID 
encounter, n (%)

14 720 (4.6) 8144 (3.1) 225 (8.2) 6351 (11.0)

Myocardial infarction at the 
COVID encounter, n (%)

5520 (1.7) 2650 (1.0) 103 (3.7) 2767 (4.8)

Thrombotic stroke at the 
COVID encounter, n (%)

4388 (1.4) 2373 (0.9) 55 (2.0) 1960 (3.4)

Pulmonary embolism at the 
COVID encounter, n (%)

2855 (0.9) 2029 (0.8) 35 (1.3) 791 (1.4)

Deep vein thrombosis at the 
COVID encounter, n (%)

2376 (0.7) 1378 (0.5) 37 (1.3) 961 (1.7)

Superficial/unspecified TTE at 
the COVID encounter, n (%)

461 (0.1) 275 (0.1) 13 (0.5) 173 (0.3)

Arterial TTE at the COVID 
encounter, n (%)

191 (0.1) 109 (0.0) 4 (0.1) 78 (0.1)

Other TTE at the COVID 
encounter, n (%)

905 (0.3) 506 (0.2) 13 (0.5) 386 (0.7)

Census division, n (%)

  East North Central 15 622 (4.8) 12 003 (4.6) 216 (7.9) 3403 (5.9)

  East South Central 3034 (0.9) 2591 (1.0) 27 (1.0) 416 (0.7)

  Middle Atlantic 59 295 (18.4) 48 042 (18.3) 483 (17.6) 10 770 (18.6)

  Mountain 54 588 (16.9) 43 407 (16.6) 647 (23.5) 10 534 (18.2)

  New England 7497 (2.3) 6109 (2.3) 82 (3.0) 1306 (2.3)

  Pacific 39 976 (12.4) 31 382 (12.0) 347 (12.6) 8247 (14.3)

  South Atlantic 103 048 (32.0) 87 815 (33.5) 536 (19.5) 14 697 (25.4)

  West North Central 13 497 (4.2) 10 917 (4.2) 164 (6.0) 2416 (4.2)

  West South Central 25 925 (8.0) 19 655 (7.5) 248 (9.0) 6022 (10.4)

*Individuals <18 years old were excluded from analysis.
†In- hospital mortality was defined as a discharge disposition of ‘Expired’ at the COVID- related encounter.
AAPI | AIAN | NHO, Asian American/Pacific Islander, American Indian/Alaska Native, non- Hispanic Other; BMI, body mass index; HbA1c, 
haemoglobin A1c; TTE, thrombotic or thromboembolic event.

Table 1 Continued
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were included in the model to inform the imputation of 
missing current values (defined as values documented 
within 1 year of the IQE). When historical values were 
missing but current values were present, historical values 
were set equal to the current values. When historical BMI 
or current BMI were missing, they were calculated as 
derived values after imputing missing height and corre-
sponding weight values.

There were no missing data for COVID- 19 status, 
diabetes status, age, encounter type, health system ID 
or census division. Frequency of missing data for other 
covariates is found in online supplemental table 6. 
Because most patients (~86%) without diabetes did not 
have an HbA1c result, we did not impute HbA1c for 
those patients nor include HbA1c in statistical models 
that included patients without diabetes. All other missing 
values in the data set were imputed.

We used the GLMMadaptive package in R to fit for each 
imputed data set a logistic mixed model to examine 
diabetes status, age, race and ethnicity, sex, current 
BMI and history of TTE as correlates of TTE at the 
IQE in patients with suspected or confirmed COVID- 
19. The model included a random health system inter-
cept to adjust for clustering of patients within systems. 
GLMMadaptive uses adaptive Gauss- Hermite quadra-
ture for model fitting.14 We then conducted a sensi-
tivity analysis by fitting a similar model to data from 
the subset of patients with confirmed COVID- 19. In 
a further analysis of the full sample of patients with 
suspected or confirmed COVID- 19, we added interac-
tion terms for (a) diabetes type X age, (b) diabetes 
type X BMI and (c) diabetes type X history of TTE.

We fitted similar models to examine correlates of MI, TS, 
PE and DVT (ie, modelled as four separate outcomes) at 
the IQE in patients with suspected or confirmed COVID- 
19. Each model was limited to patients who experienced 
(1) the specific outcome being modelled or (2) no TTE 
of any kind.

Lastly, we fitted a logistic mixed model to examine 
correlates of TTE in patients with diabetes. This model 
included HbA1c and the explanatory variables common 
to the models described above.

Age was analysed as a categorical variable in increments 
generally spanning 10 years (eg, ages 18–29, 30–39, 40–49, 
…, 80+). BMI (in kg/m2) was grouped into six catego-
ries: <18.5, 18.5–24.9, 25.0–29.9, 30.0–34.9, 35.0–39.9 and 
≥40.0. Race and ethnicity were categorised as (1) non- 
Hispanic White (NHW); (2) non- Hispanic Black (NHB); 
(3) Hispanic; and (4) Asian American/Pacific Islander, 
American Indian/Alaska Native or non- Hispanic Other 
(AAPI | AIAN | NHO). HbA1c was analysed as a contin-
uous variable, as a percentage.

We used the parameters package in R to pool regres-
sion analyses according to Rubin’s rules.15 To quantify 
hypothesis testing error and control for false discov-
eries resulting from multiple hypothesis testing, we 
used the q- value package in R to calculate a q value 
(the Bayesian analogue of a p value16) for each test. 

We used a q value threshold of 0.05 to identify find-
ings unlikely to have occurred by chance under the 
hypothesised null model.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, reporting or dissemination plans of this 
research.

RESULTS
Characteristics of patients with suspected or confirmed 
COVID-19
Of the 322 482 patients with suspected or confirmed 
COVID- 19 infection, 261 921 (81.2%) did not have 
diabetes; 2750 (0.9%) had T1DM; and 57 811 (17.9%) 
had T2DM. Median age was 48 years (IQR 32–64), 
median BMI was 28.5 kg/m2 (IQR 24.6–33.7) and 
44.9% were male. Approximately 12% of individuals 
(n=39 162) had experienced a previous TTE. Median 
HbA1c for individuals with T1DM was 9.3% (IQR 
7.6%–11.5%) (78 mmol/mol (IQR 60–102 mmol/
mol)); for those with T2DM, median HbA1c was 7.2% 
(IQR 6.3%–8.8%) (55 mmol/mol (IQR 45–73 mmol/
mol)).

Baseline probability of experiencing a TTE at the 
IQE was 4.6%. Baseline probability of experiencing 
MI at the IQE was 1.8%; for stroke, 1.4%; for PE, 0.9%; 
and for DVT, 0.8%. Table 1 contains demographic and 
clinical characteristics for these individuals, stratified 
by diabetes type. Baseline characteristics stratified 
by diabetes status and by outpatient versus inpatient 
status are found in online supplemental table 7. Inpa-
tient mortality at encounters associated with each type 
of TTE is stratified by diabetes status in online supple-
mental table 8.

Characteristics of patients with confirmed COVID-19
Of 116 370 patients with confirmed COVID- 19, 93 098 
(80.0%) did not have diabetes; 802 (0.7%) had T1DM; 
and 22 470 (19.3%) had T2DM. Median age was 47 
years (IQR 32–62), median BMI was 29.4 kg/m2 (IQR 
25.4–34.5) and 46.5% were male. Approximately 9.5% of 
individuals (n=11 094) had experienced a previous TTE. 
Median HbA1c for individuals with T1DM was 9.5% (IQR 
7.7%–12.0%) (80 mmol/mol (IQR 61–108 mmol/mol)); 
for those with T2DM, median HbA1c was 7.5% (IQR 
6.5%–9.3%) (58 mmol/mol (IQR 48–78 mmol/mol)). 
Baseline probability of experiencing a TTE at the IQE 
was 3.3%.

Baseline probability of experiencing MI at the IQE was 
1.3%; for TS, 0.8%; for PE, 0.8%; and for DVT, 0.6%. 
Online supplemental table 9 contains demographic and 
clinical characteristics for these patients, stratified by 
diabetes type. Inpatient mortality at encounters associ-
ated with each type of TTE in individuals with confirmed 
COVID- 19 is stratified by diabetes status in online supple-
mental table 10.
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Risk of TTE of any type in patients with suspected or 
confirmed COVID-19
Results from the fully adjusted model in the overall study 
cohort showed that the odds of TTE were substantially 
higher for both T1DM (vs no diabetes; adjusted OR 
(AOR) 2.23; 95% CI 1.93 to 2.59; Q<0.001) and T2DM 
(vs no diabetes; AOR 1.52; 95% CI 1.46 to 1.58; Q<0.001) 
(table 2).

We observed increased odds of TTE in males (vs 
females; AOR 1.32; 95% CI 1.28 to 1.37; Q<0.001) and 
in patients with a history of TTE (AOR 2.69; 95% CI 2.58 
to 2.79; Q<0.001). Meaningful associations were identi-
fied between TTE and older age (table 2). Risk of TTE 

was lower for Hispanic individuals (vs NHW; AOR 0.78; 
95% CI 0.74 to 0.82; Q<0.001). There was some tendency 
for patients with decreased BMI (<18.5 kg/m2) to have 
slightly higher odds of TTE (vs BMI 18.5–24.9 kg/m2; 
AOR 1.16; 95% CI 1.04 to 1.28; Q=0.001) and for patients 
in higher BMI categories to have slightly lower odds of 
TTE (table 2).

The sensitivity analysis carried out by fitting the 
fully adjusted model to data from the cohort of 
patients with confirmed COVID- 19 showed that, rela-
tive to patients who were NHW, individuals who were 
NHB (AOR 1.17; 95% CI 1.06 to 1.30; Q<0.001) or 
AAPI | AIAN | NHO (AOR 1.24; 95% CI 1.09 to 1.42; 

Table 2 Adjusted ORs: Correlates of thrombotic and thromboembolic events of any type

Characteristic

Suspected or confirmed COVID- 19 Confirmed COVID- 19

Adjusted OR (95% CI)* Q value Adjusted OR (95% CI)* Q value

Diabetes status

  No diabetes 1 [Reference) 1 [Reference)

  Type 1 diabetes 2.23 (1.93 to 2.59) <0.001 3.32 (2.53 to 4.36) <0.001

  Type 2 diabetes 1.52 (1.46 to 1.58) <0.001 1.96 (1.82 to 2.12) <0.001

Age (years)

  18–29 1 (Reference) 1 (Reference)

  30–39 2.02 (1.78 to 2.30) <0.001 1.67 (1.32 to 2.11) <0.001

  40–49 3.85 (3.42 to 4.34) <0.001 2.91 (2.35 to 3.59) <0.001

  50–59 6.06 (5.42 to 6.78) <0.001 4.07 (3.33 to 4.98) <0.001

  60–69 9.00 (8.05 to 10.06) <0.001 5.93 (4.85 to 7.24) <0.001

  70–79 11.22 (10.03 to 12.55) <0.001 8.41 (6.87 to 10.29) <0.001

  80+ 13.40 (11.97 to 14.99) <0.001 10.59 (8.64 to 12.99) <0.001

Sex

  Female 1 (Reference) 1 (Reference)

  Male 1.32 (1.28 to 1.37) <0.001 1.47 (1.37 to 1.57) <0.001

Race and ethnicity

  NHW 1 (Reference) 1 (Reference)

  NHB 1.05 (0.99 to 1.11) 0.015 1.17 (1.06 to 1.30) <0.001

  Hispanic 0.78 (0.74 to 0.82) <0.001 0.87 (0.79 to 0.95) 0.001

  AAPI | AIAN | NHO 0.98 (0.91 to 1.05) 0.082 1.24 (1.09 to 1.42) <0.001

BMI (kg/m2)

  18.5–24.9 1 (Reference) 1 (Reference)

  <18.5 1.16 (1.04 to 1.28) 0.001 1.10 (0.87 to 1.38) 0.061

  25.0–29.9 0.94 (0.90 to 0.99) 0.002 0.87 (0.79 to 0.95) 0.001

  30.0–34.9 0.95 (0.90 to 1.00) 0.012 0.88 (0.79 to 0.97) 0.002

  35.0–39.9 0.94 (0.87 to 1.00) 0.009 0.90 (0.80 to 1.02) 0.018

  ≥40.0 0.99 (0.93 to 1.07) 0.112 1.04 (0.91 to 1.19) 0.072

History of TTE

  Not present 1 (Reference) 1 (Reference)

  Present 2.69 (2.58 to 2.79) <0.001 2.81 (2.61 to 3.03) <0.001

*Unadjusted ORs are found in online supplemental table 11.
AAPI | AIAN | NHO, Asian American/Pacific Islander, American Indian/Alaska Native, non- Hispanic Other; BMI, body mass index; NHB, non- 
Hispanic Black; NHW, non- Hispanic White; TTE, thrombotic or thromboembolic event.
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Q<0.001) were at increased risk of TTE (table 2). The 
odds of TTE remained substantially higher for both 
T1DM (vs no diabetes; AOR 3.32; 95% CI 2.53 to 4.36; 
Q<0.001) and T2DM (vs no diabetes; AOR 1.96; 95% 
CI 1.82 to 2.12; Q<0.001) (table 2).

Interaction effects in patients with suspected or confirmed 
COVID-19
Results from the model that estimated interaction 
effects (ie, between diabetes type and age, diabetes 
type and BMI and diabetes type and history of TTE) 
showed that increased TTE risk associated with 
diabetes was most pronounced in individuals with 
T1DM who were <50 years old and in individuals with 
T2DM who were <60 years old (table 3). The increased 
risk for TTE associated with BMI≥40.0 kg/m2 was 
attenuated in individuals with T2DM. Risk associated 
with history of TTE was highest in individuals who did 
not have diabetes (table 3).

Risk of specific TTEs in patients with suspected or confirmed 
COVID-19
Risk for MI, risk for TS and risk for DVT were substan-
tially higher in patients with diabetes versus those without 
diabetes (table 4). Odds of PE were higher in individuals 
with T1DM (vs no diabetes; AOR 1.30; 95% CI 0.92 to 
1.83; Q=0.021) and lower in individuals with T2DM (vs 
no diabetes; AOR 0.79; 95% CI 0.72 to 0.87; Q<0.001). 
Clear associations existed between older age and all four 
TTE subtypes (table 4). Protective factors across all TTE 
types included female sex and no history of thrombosis 
(table 4).

Risk of TTE of any type in patients with diabetes with 
suspected or confirmed COVID-19
In the adjusted model fit to data for only patients with 
diabetes, odds of TTE were lower in patients with T2DM 
(vs T1DM; AOR 0.84; 95% CI 0.72 to 0.98; Q=0.005) 
(table 5). Each one percentage point higher HbA1c was 
associated with an estimated 5% higher average odds 

Table 3 Adjusted ORs: Interaction effects for diabetes status by age group, body mass index category and history of 
thrombosis

Effect of diabetes by age group*

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

No diabetes 
diagnosis

1
(No diabetes, main 
effect AOR)

1.93 3.41 5.34 8.80 11.67 14.76

T1DM 3.69
(T1DM, main effect 
AOR)

7.76 16.34 10.29 18.28 23.96 19.91

T2DM 3.20
(T2DM, main effect 
AOR)

5.78 9.68 13.77 17.13 19.78 20.53

Effect of diabetes status by BMI category†

BMI 18.5–24.9 kg/m2
BMI<18.5 kg/
m2

BMI 25.0–29.9 
kg/m2

BMI 30.0–34.9 
kg/m2

BMI 35.0–39.9 kg/
m2

BMI≥40.0 kg/
m2

No diabetes 
diagnosis

1
(No diabetes, main effect 
AOR)

1.12 0.93 0.96 0.98 1.16

T1DM 3.69
(T1DM, main effect AOR)

3.21 3.21 3.41 2.55 4.41

T2DM 3.20
(T2DM, main effect AOR)

3.79 3.13 3.04 2.83 2.68

Effect of diabetes status by history of thrombosis‡

History of thrombosis, none History of thrombosis, present

No diabetes diagnosis 1
(No diabetes, main effect AOR)

3.30

T1DM 3.69
(T1DM, main effect AOR)

9.64

T2DM 3.20
(T2DM, main effect AOR)

6.81

Beta coefficients and q values for the fully adjusted model are found in online supplemental table 12.
*The referent group was the group of individuals who did not have diabetes and who were aged 18–29.
†The referent group was the group of individuals who did not have diabetes and whose BMI was 18.5–24.9 kg/m2.
‡The referent group was the group of individuals who did not have diabetes and who had no history of thrombosis.
AOR, adjusted OR; BMI, body mass index; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
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of TTE (AOR 1.05; 95% CI 1.04 to 1.07; Q<0.001). A 
negative relationship existed between BMI and TTE; 
odds of TTE were lowest in patients with BMI≥40.0 kg/
m2 (vs 18.5–24.9 kg/m2; AOR 0.85; 95% CI 0.77 to 0.94; 
Q<0.001). Protective factors included female sex and no 
history of TTE (table 5).

DISCUSSION
This analysis is the first to rigorously stratify patients 
based on diabetes status (T1DM, T2DM and no diabetes) 
and investigate diabetes status as a risk factor for arterial 

and venous TTEs in a large cohort of adult patients with 
COVID- 19. Compared with patients with no diabetes, risk 
for TTE was substantially higher for patients with diabetes 
of either type. When odds of experiencing MI, TS, PE or 
DVT were analysed separately, both the T1DM and T2DM 
cohorts had demonstrably higher risk for MI, stroke and 
DVT. Relative to patients without diabetes, risk of PE was 
slightly elevated in the T1DM cohort and lower in patients 
with T2DM. Predictors for TTE included increased age, 
history of TTE and male sex. BMI≥30 kg/m2 was associ-
ated with increased risk for venous thrombosis (PE and 
DVT), but not arterial thrombosis (MI and TS). Overall, 
although increased age, decreased BMI (<18.5 kg/m2), 
increased BMI (≥40.0 kg/m2) and history of thrombosis 
were associated with higher risk of TTE, none of these 
factors exerted an interaction effect that impacted the 
increased TTE risk associated with diabetes. In the anal-
ysis restricted to patients with diabetes, we found that the 
odds of TTE were highest in patients with T1DM. HbA1c 
had a positive relationship with TTE.

Early in the pandemic, high rates of venous TTE 
were reported in intensive care unit (ICU) patients 
with COVID- 19.17–19 A meta- analysis of prospective 
studies showed greater frequency of venous TTE in 
ICU patients with COVID- 19 versus those without 
COVID- 19.20 Subsequent meta- analyses reported high 
prevalence of venous and arterial TTEs (and higher 
subsequent mortality) in adults with COVID- 19.21 22 
Diabetes, cardiovascular disease and hypertension are 
frequent comorbidities in hospitalised patients with 
severe COVID- 19; and T1DM and T2DM are associated 
with increased risk of mortality in hospitalised adults 
with COVID- 19.4

Numerous retrospective studies report on arterial and 
venous thrombosis in COVID- 19 and note the prevalence 
of diabetes, hypertension and elevated BMI in affected 
populations; but whether TTEs were more frequent in 
patients with COVID- 19 with diabetes was unclear. One 
meta- analysis reported increased age and hypertension, 
but not diabetes, as risk factors for stroke in COVID- 19 
disease23 while another identified diabetes as a risk factor 
for stroke in COVID- 19.24 Differences in case definitions 
may account for the variability across studies.

Our findings agree with those from a small prospective 
study of 169 patients hospitalised with COVID- 19 pneu-
monia that showed increased risk of thromboembolism 
in adults with T2DM or stress hyperglycaemia.25 That 
single- centre study, however, included only 32 patients 
with T2DM. A study of 4451 hospitalised patients with 
COVID- 19 noted higher frequency of TTEs in those 
with diabetes but did not evaluate whether diabetes was 
an independent risk factor for TTEs.26 A third analysis 
reported results from a cohort of 1105 adults hospitalised 
with COVID- 19, including 138 adults with pre- existing 
T2DM. While this study did not report on TTEs, it did 
report that coagulopathy was a major extrapulmonary 
risk factor for mortality in the T2DM population but not 
in the cohort without diabetes.27 Unlike our study, none 

Table 5 Adjusted ORs: Correlates of thrombotic and 
thromboembolic events in individuals with diabetes with 
suspected or confirmed COVID- 19

Characteristic Adjusted OR (95% CI)* Q value

Diabetes status

  Type 1 diabetes 1 (Reference)

  Type 2 diabetes 0.84 (0.72 to 0.98) 0.005

Haemoglobin A1c (%)† 1.05 (1.04 to 1.07) <0.001

Age (years)

  18–29 1 (Reference)

  30–39 2.02 (1.32 to 3.10) <0.001

  40–49 3.47 (2.33 to 5.17) <0.001

  50–59 4.76 (3.22 to 7.04) <0.001

  60–69 6.23 (4.21 to 9.21) <0.001

  70–79 7.39 (5.00 to 10.94) <0.001

  80+ 7.71 (5.20 to 11.43) <0.001

Sex

  Female 1 (Reference)

  Male 1.22 (1.15 to 1.28) <0.001

Race and ethnicity

  NHW 1 (Reference)

  NHB 1.02 (0.94 to 1.11) 0.077

  Hispanic 0.91 (0.84 to 0.98) 0.002

  AAPI | AIAN | NHO 1.11 (1.00 to 1.24) 0.008

BMI (kg/m2)

  18.5–24.9 1 (Reference)

  <18.5 1.16 (0.95 to 1.41) 0.024

  25.0–29.9 0.97 (0.90 to 1.05) 0.063

  30.0–34.9 0.94 (0.87 to 1.02) 0.025

  35.0–39.9 0.88 (0.80 to 0.97) 0.002

  ≥40.0 0.85 (0.77 to 0.94) <0.001

History of TTE

  Not present 1 (Reference)

  Present 2.23 (2.12 to 2.36) <0.001

*Unadjusted ORs are found in online supplemental table 14.
†Haemoglobin A1c was analysed as a continuous variable.
AAPI | AIAN | NHO, Asian American/Pacific Islander, American Indian/
Alaska Native, non- Hispanic Other; BMI, body mass index; NHB, 
non- Hispanic Black; NHW, non- Hispanic White; TTE, thrombotic or 
thromboembolic event.
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of the aforementioned studies evaluated patients with 
T1DM.

As reported in the general population, a BMI≥30 kg/
m2 increased risk for venous TTEs (PE and DVT).28 The 
same relationship was not identified for arterial TTEs 
(MI and stroke). In fact, increasing BMI associated with 
substantially decreased risk of stroke. Although we did 
not analyse history of anticoagulant medication, this 
finding may reflect higher baseline use of anticoagulant 
therapies in patients with increased BMI. Further exam-
ination revealed that median BMI was similar across age 
categories and in those with and without a history of TTE 
when stratified by TTE status (present/absent) at the IQE 
(online supplemental figures 2 and 3). A slightly negative 
correlation existed between BMI and HbA1c in T1DM; 
correlation between BMI and HbA1c was slightly positive 
in T2DM (online supplemental figure 4).

The present results are of clinical relevance because 
they suggest that diabetes status may be useful to include 
in models that predict risk for TTEs in individuals with 
SARS- CoV- 2 infection. Accurate risk prediction tools are 
needed to design and test tailored care pathways that 
provide heightened monitoring and treatment to indi-
viduals at highest risk. Appropriate risk stratification 
allows clinicians to anticipate individuals’ needs and opti-
mise outcomes through proactive engagement of at- risk 
patients.

Strengths and limitations
Strengths of this study include the very large sample size 
and utilisation of a nationwide EMR database. We used 
rigorous algorithms to identify patients with and without 
diabetes and to distinguish T1DM from T2DM. As well, we 
adjusted for clustering of patients within health systems 
and for demographic and clinical characteristics that 
impact risk for TTEs. This study is the first to examine 
factors associated with various types of arterial and venous 
TTEs in patients with and without diabetes. It is the only 
study to assess risk for TTEs in patients with T1DM with 
concurrent COVID- 19.

Certain limitations also warrant consideration. 
While Oracle Cerner’s COVID- 19 database contains 
(shifted) encounter dates and start times, it does not 
contain timestamps that indicate the day and time at 
which TTEs occurred. For this reason, we were unable 
to evaluate the extent to which glucose management 
during hospitalisation may have impacted risk for 
TTEs. Some factors known to broadly impact TTE 
risk, such as smoking history and malignancy, were 
not evaluated. Data pertaining to medication use 
were not included because validity of EMR- based 
medication data varies substantially across medication 
classes (eg, non- steroidal anti- inflammatory drugs vs 
platelet inhibitors),29 healthcare institutions and clin-
ical settings.30 Given the highly fragmented nature 
of medication records in EMR data, future studies 
should evaluate data from pharmacy claims databases, 
which contain the totality of patients’ medication 

exposures, to investigate the impact of anticoagulant, 
antiplatelet, statin, high- dose steroid and oral contra-
ceptive use on TTE outcomes in individuals with 
SARS- CoV- 2 infection.

EMR data are often used, but not primarily docu-
mented, for research purposes. Rigorous case definitions 
are needed to identify medical conditions and clinical 
outcomes, as well as distinguish between diabetes types, in 
EMR data. The high specificity of the algorithms we used 
to identify patients’ diabetes status resulted in an inability 
to definitively determine diabetes status for 112 248 (ie, 
25.8% of) adult patients in the database. Further research 
is needed to identify methods that optimally balance 
sensitivity and specificity of EMR- based diabetes case defi-
nitions, as well as validate methods for identifying patients 
with other types of diabetes.

Similar to other published studies that use EMR data, 
we used ICD- 10 codes to create case definitions for MI, 
TS, PE and DVT.31–33 An important limitation of this 
approach is that few such case definitions have been 
validated via manual review of patient records. While 
we believe that our approach captured the vast majority 
of TTE cases, it is possible that some cases were not 
identified or were misclassified. We acknowledge that 
our findings may have been different if more rigorous 
methods were used to identify TTE cases (eg, presence 
of diagnosis codes combined with confirmatory labora-
tory results); however, requiring presence of multiple 
criteria also results in the loss of many true positive 
cases due to differences in documentation practices 
across health systems.

Finally, risk estimates could be biased if coding prac-
tices differed substantially across sites. Our analysis 
was limited to healthcare systems using Oracle Cern-
er’s EMR; therefore, these findings may not generalise 
to healthcare settings that do not use Oracle Cerner’s 
EMR.

CONCLUSION
This case–control study using a nationwide database iden-
tified diabetes as a risk factor for TTE in a large cohort 
of adult patients (n=322 482) with COVID- 19. Compared 
with patients without diabetes, risk for TTE was substan-
tially higher for patients with T1DM and T2DM. Further 
research is needed to determine whether this increased 
risk plays a role in the increased COVID- 19- associated 
mortality reported in patients with diabetes.
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