
Journal of the American Heart Association

J Am Heart Assoc. 2023;12:e030240. DOI: 10.1161/JAHA.122.030240 1

ORIGINAL RESEARCH

Association Between Hypertension and 
Diabetes Control and COVID-19 Severity: 
National Patient-Centered Clinical Research 
Network, United States, March 2020 to 
February 2022
Sandra L. Jackson , PhD, MPH; Rebecca C. Woodruff , PhD; Kshema Nagavedu, MPH; 
Julia Fearrington, MPH; Deborah B. Rolka , MS; Evelyn Twentyman , MD, MPH; Thomas W. Carton , PhD, MS; 
Jon Puro, MPA-HA; Joshua L. Denson , MD; Michael D. Kappelman , MD, MPH;  
Anuradha Paranjape , MD, MPH; Deepika Thacker , MD; Mark G. Weiner , MD; Alyson B. Goodman, MD, 
MPH; Akaki Lekiachvili, MD, MBA; Tegan K. Boehmer , PhD, MPH; Jason P. Block, MD, MPH;  
PCORnet Collaboration Authors;* 

BACKGROUND: Hypertension and diabetes are associated with increased COVID-19 severity. The association between level of 
control of these conditions and COVID-19 severity is less well understood.

METHODS AND RESULTS: This retrospective cohort study identified adults with COVID-19, March 2020 to February 2022, in 43 
US health systems in the National Patient-Centered Clinical Research Network. Hypertension control was categorized as 
blood pressure (BP) <130/80, 130 to 139/80 to 89, 140 to 159/90 to 99, or ≥160/100 mm Hg, and diabetes control as glycated 
hemoglobin <7%, 7% to <9%, ≥9%. Adjusted, pooled logistic regression assessed associations between hypertension and 
diabetes control and severe COVID-19 outcomes. Among 1 494 837 adults with COVID-19, 43% had hypertension and 12% 
had diabetes. Among patients with hypertension, the highest baseline BP was associated with greater odds of hospitaliza-
tion (adjusted odds ratio [aOR], 1.30 [95% CI, 1.23–1.37] for BP ≥160/100 versus BP <130/80), critical care (aOR, 1.30 [95% 
CI, 1.21–1.40]), and mechanical ventilation (aOR, 1.32 [95% CI, 1.17–1.50]) but not mortality (aOR, 1.08 [95% CI, 0.98–1.12]). 
Among patients with diabetes, the highest glycated hemoglobin was associated with greater odds of hospitalization (aOR, 
1.61 [95% CI, 1.47–1.76] for glycated hemoglobin ≥9% versus <7%), critical care (aOR, 1.42 [95% CI, 1.31–1.54]), mechanical 
ventilation (aOR, 1.12 [95% CI, 1.02–1.23]), and mortality (aOR, 1.18 [95% CI, 1.09–1.27]). Black and Hispanic adults were more 
likely than White adults to experience severe COVID-19 outcomes, independent of comorbidity score and control of hyperten-
sion or diabetes.

CONCLUSIONS: Among 1.5 million patients with COVID-19, higher BP and glycated hemoglobin were associated with more 
severe COVID-19 outcomes. Findings suggest that adults with poorest control of hypertension or diabetes might benefit from 
efforts to prevent and initiate early treatment of COVID-19.
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Poorly managed hypertension and diabetes are 
known risk factors for a range of adverse health 
events, including cardiovascular morbidity and 

mortality.1 Although these conditions can be managed 
through medical treatment and lifestyle modifications, 
such as dietary change and physical activity, control 
of these conditions is often suboptimal.1 In recent na-
tional estimates, approximately one-quarter (24.3%) 
of US adults with hypertension had blood pressure 
(BP) levels that met recommended treatment targets 
for control (defined as BP <130/80 mm Hg).2 Among 
adults with diabetes, approximately two-thirds (66.8%) 
met the standard glycated hemoglobin (HbA1c) target 
of <7%.3 The COVID-19 pandemic adversely affected 
chronic disease management through disruptions to 
health care access and daily life, leading to reduced 
ability for adults to obtain preventive health care or en-
gage in behaviors known to promote control of hyper-
tension and diabetes.1,4,5

Hypertension and diabetes are 2 of the most com-
mon comorbidities among adults hospitalized with 

COVID-196 and have been associated with severe dis-
ease outcomes and mortality.7–9 Poor BP or glycemic 
control might also be associated with worse COVID-19 
outcomes, but research gaps persist regarding any 
independent associations between severe COVID-19 
outcomes and standard measures of chronic disease 
control such as BP and HbA1c.10–12 A prior study de-
scribed greater prevalence of severe COVID-19 out-
comes across higher strata of BP and HbA1c; however, 
these results did not account for differences in demo-
graphic and clinical characteristics across patient pop-
ulations by BP or HbA1c level.13 In this study, we build 
on these previous descriptive analyses by assessing 
the independent association between hypertension 
control and diabetes control and severe COVID-19 
outcomes among a large multisite US cohort of adults 
with COVID-19 from March 2020 to February 2022. We 
hypothesized that patients with hypertension who had 
the highest preinfection BP levels and patients with di-
abetes who had the highest preinfection HbA1c levels 
would have greater odds of severe COVID-19 outcomes 
relative to those with the lowest respective levels, after 
adjusting for demographic and clinical characteristics. 
These results can be used to guide clinical and public 
health practice by identifying populations who might 
be most at risk for poor COVID-19 outcomes and who 
might benefit most from enhanced chronic disease 
management, COVID-19 prevention strategies, and 
early treatment with medications known to reduce pro-
gression to severe COVID-19.14

METHODS
Participants and Procedures
This cross-sectional study aggregated ambulatory, 
emergency department, and inpatient electronic 
health record data in 43 sites (each representing ≥1 
health systems) participating in PCORnet, the National 
Patient-Centered Clinical Research Network.15,16 All 
adults aged ≥20 years with COVID-19 identified by 
positive SARS-CoV-2 polymerase chain reaction 
(98%) or antigen (3%) lab test in an ambulatory, emer-
gency department, or inpatient care setting during 
March 1, 2020, to February 28, 2022 were included 
(N=1 494 837). (Some patients tested positive by both 
polymerase chain reaction and antigen tests.) If a pa-
tient had multiple positive tests for COVID-19, we used 
the first positive record as the COVID-19 index date. 
Patient diagnoses and characteristics were identified 
by querying procedure codes (ie, Current Procedure 
Terminology; Healthcare Common Procedure Coding 
Systems, 9th and 10th Revisions), diagnostic codes (ie, 
International Classification of Diseases, 10th Revision, 
Clinical Modification [ICD-10-CM]), laboratory codes 
(ie, Logical Observation Identifiers Names and Codes), 

CLINICAL PERSPECTIVE

What Is New?
• In this study of 1.5 million patients with COVID-19 

in the United States, higher blood pressure and
glycated hemoglobin were associated with worse
COVID-19 outcomes.

• This was the largest study of its kind, and un-
like prior work, assessed hypertension and
diabetes control based on assessments before
SARS-CoV-2 infection, rather than measure-
ments taken during acute COVID-19 illness.

What Are the Clinical Implications?
• These findings highlight the importance of on-

going chronic disease management during a
pandemic, including through out-of-office ser-
vices, such as telehealth, and strategies such
as disease self-management education and
support.

• In addition, clinicians can encourage adults with
poorly controlled hypertension or diabetes to
adhere to COVID-19 vaccination recommen-
dations and encourage these patients to seek
early treatment for COVID-19 to prevent pro-
gression to severe disease.
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or prescribing codes (ie, National Drug Code, RxNorm 
concept unique identifiers). This activity was deemed 
not to be research as defined in 45 CFR 46.102(l); 
informed consent and institutional review board re-
view were not required. The data for this study were 
shared using existing data use agreements between 
sites involved. PCORnet has a standardized process 
called the Front Door to query and request data across 
participating systems. Requests can be made here: 
https://pcorn​et.org/front​-door/.

Measures
Hypertension Control

Using a 3-year lookback period before the COVID-19 
index date, we defined patients as having hyperten-
sion based on (1) prescription for an outpatient antihy-
pertensive medication (not including centrally acting 
agents, loop diuretics, or beta blockers, as these are 
commonly used for other conditions); (2) outpatient 
centrally acting agents, loop diuretics, or beta blockers 
and either an ICD-10-CM diagnostic code for hyper-
tension (I10–I16) or outpatient BP ≥130/80 mm Hg; (3) 
2 outpatient BP readings ≥130/80 on separate days; 
or (4) 2 ICD-10-CM codes for hypertension on sepa-
rate days in any care setting. We identified hyperten-
sion control status by the outpatient BP measurement 
most recently available before the COVID-19-positive 
lab test, with values identified in the 18-month to 2-
week period before the positive COVID-19 lab test. 
Excluding the 2-week period before infection avoided 
use of values during the acute illness, and including 
measures up to 18 months before accounted for the 
possibility that patients might have gone long peri-
ods without a measured BP, especially during the 
COVID-19 pandemic. Patients without a BP value dur-
ing this period were not classified into hypertension 
control categories. Hypertension control was cat-
egorized into 4 strata (BP <130/80, 130–139/80–89, 
140–159/90–99, or ≥160/100 mm Hg; these cutpoints 
were selected a priori), using the higher systolic or 
diastolic value if a patient’s values fell into multiple 
levels.

Diabetes Control

Using a 3-year-lookback period, we defined patients 
as having type 1 or type 2 diabetes based on (1) having 
≥1 prescriptions for an outpatient diabetes medication, 
(2) HbA1c ≥6.5%, (3) 1 ICD-10-CM code for diabetes
(E10–E11) plus metformin, or (4) 2 ICD-10-CM codes
for diabetes in any care setting. Using an 18-month
lookback period, we categorized diabetes control into
3 strata (HbA1c <7%, 7%–<9%, ≥9%; these cutpoints
were selected a priori) using the most recently meas-
ured HbA1c before the index COVID-19 date. Adults

without an HbA1c measurement during this period 
were not categorized into diabetes control categories.

Severe Disease Outcomes

Hospitalization (defined as receiving ≥1 diagnosis for 
any reason in an inpatient setting), receipt of criti-
cal care (defined by procedure codes), and receipt 
of mechanical ventilation (defined by procedure and 
diagnostic codes) were assessed from 1 day before 
through 16 days after the COVID-19 index date, ac-
counting for delayed worsening of COVID-19 illness 
that can extend into the second week of illness. We 
also captured deaths from any cause that occurred 
≤60 days from the COVID-19 index date.

Demographic and Clinical Characteristics

Demographic variables included age in years, sex 
(male, female), race (White, Black, Asian, other [includ-
ing American Indian or Alaska Native, Native Hawaiian 
or other Pacific Islander, Multiple Race, other]), and 
Hispanic ethnicity (yes, no). Patients were classified 
as having obesity according to their body mass index 
(≥30 kg/m2 versus <30 kg/m2) and by smoking status by 
the most recent value recorded in the electronic health 
record (current, former, never, unknown). History of 
32 comorbidities within a 3-year lookback period was 
assessed individually (see Table 1; comorbidities with 
prevalence ≥5%) and collectively using the Combined 
Comorbidity Index score.17 COVID-19 treatment vari-
ables included use of dexamethasone, monoclonal 
antibodies, or remdesivir within 14 days before or after 
the COVID-19 index date. COVID-19 index dates were 
also classified according to date ranges correspond-
ing to pandemic phase (March 1, 2020–April 30, 2020 
early pandemic, May 1, 2020–February 28, 2021 
summer and winter waves, March 1, 2021–June 30, 
2021 rising vaccination rates, July 1, 2021–December 
19, 2021 Delta variant predominance, and December 
20, 2021–February 28, 2022 Omicron variant 
predominance).18

Statistical Analysis
Each PCORnet site ran a statistical program that con-
ducted descriptive and multivariable analyses using 
patient-level data that remained behind each health 
system’s firewall. They returned aggregate results to 
the study data coordinating center. For multivariable 
models, pooled logistic regression models generated 
the parameter estimates, SEs, covariance matrices, 
convergence status, and number of observations. If 
models did not converge at sites, typically because 
of limited sample size, results were discarded; this 
was especially true for children’s hospitals that had 
few patients in the data with the conditions of interest 

https://pcornet.org/front-door/
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Table 1.  Demographic and Clinical Characteristics of Patients With COVID-19, Overall and by COVID-19 Outcomes, 
PCORnet, March 2020 to February 2022

Characteristic All COVID-19 Hospitalization Critical care
Mechanical 
ventilation

60-day 
mortality*

Number of unique patients 1 494 837 100% 188 188 (12.6%) 43 357 (2.9%) 22 346 (1.5%) 31 094 (2.1%)

Age group

20–39 y 607 239 41% 18% 12% 10% 3%

40–54 y 388 201 26% 19% 19% 19% 10%

55–64 y 230 500 15% 20% 22% 24% 17%

65–74 y 153 868 10% 20% 24% 27% 26%

75–84 y 81 232 5% 15% 16% 16% 26%

85+ y 33 797 2% 8% 7% 5% 19%

Sex†

Female 835 254 56% 50% 42% 39% 42%

Male 659 026 44% 50% 58% 61% 58%

Hispanic ethnicity†

Yes 249 445 17% 19% 16% 20% 16%

No 1 106 884 74% 76% 79% 73% 77%

Race†

Asian 42 665 3% 3% 3% 3% 3%

Black 245 015 16% 23% 23% 23% 21%

White 942 985 63% 53% 57% 51% 56%

Pandemic phase

March 1, 2020–April 30, 2020 59 836 4% 11% 12% 20% 19%

May 1, 2020–February 28, 
2021

660 518 44% 41% 40% 39% 39%

March 1, 2021–Jun 30, 2021 89 500 6% 10% 9% 8% 7%

July 1, 2021–December 19, 
2021

270 093 18% 20% 23% 21% 20%

December 20, 2021–February 
28, 2022

414 890 28% 18% 17% 12% 15%

Hypertension

No hypertension 857 014 57% 40% 35% 42% 32%

All hypertension‡ 637 823 43% 61% 65% 58% 69%

Diabetes

No diabetes 1 311 676 88% 69% 58% 57% 59%

All diabetes‡ 183 161 12% 32% 41% 43% 42%

Other comorbidities§

Combined Comorbidity Index 
score (mean)

1 494 837 1.1 3.4 4.7 4.8 5.2

Chronic pulmonary disorders 197 721 13% 25% 29% 28% 29%

Mental health disorders 187 948 13% 20% 21% 19% 20%

Anemia 141 639 9% 26% 33% 35% 34%

Arrythmia 136 473 9% 29% 43% 45% 47%

Asthma 119 764 8% 12% 11% 11% 9%

Severe obesity (BMI ≥40 kg/m2) 117 400 8% 16% 20% 21% 15%

Coronary artery disease 100 203 7% 22% 28% 26% 33%

Chronic kidney disease 91 538 6% 23% 29% 29% 35%

Cancer 69 582 5% 11% 12% 10% 17%

Congestive heart failure 73 737 5% 19% 27% 27% 31%

Pregnancy 70 442 5% 6% 1% 1% 0%

 (Continued)
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(diabetes or hypertension) or with severe COVID-19 
outcomes. For example, the highest number of sites 
that had convergence was 38 for hypertension models 
and 32 for diabetes models that were unadjusted with 
hospitalization as the outcome; for fully adjusted mod-
els with mechanical ventilation as the outcome, conver-
gence was achieved only for 23 sites for hypertension 
and 21 sites for diabetes models. Results from sites 
that did converge were combined using meta-analytic 
techniques, with the random-effects model based on 
the DerSimonian and Laird method generating pooled 
estimates.19 Each COVID-19 outcome was tested in a 
separate model. Models generated crude (OR) and ad-
justed (aOR) odds ratios and 95% CIs using a type 1 
error rate of 5% to determine statistical significance. 
Adjusted models included the following covariates: 
age in years, age squared, sex, race, ethnicity, obesity, 
Combined Comorbidity Index score, smoking status, 
receipt of dexamethasone, receipt of remdesivir, re-
ceipt of monoclonal antibodies, and pandemic phase.

RESULTS
Among 1 494 837 adults with COVID-19, 56% were 
female, and the median age was 46.7 years (SD=17.5; 
Table 1). The largest race groups were White (63%) and 
Black (16%); 17% were of Hispanic ethnicity (Table 1). 
Overall, 637 823 (43%) patients with COVID-19 had 
hypertension (among whom, n=518 293 had data 

available to allow classification into hypertension con-
trol categories; Table  2), and 183 161 (12%) had dia-
betes (among whom, n=123 557 had data available to 
allow classification into diabetes control categories; 
Table 3).

Among all patients with COVID-19, 13% required 
hospitalization, 3% required critical care, 2% were 
mechanically ventilated, and 2% died within 60 days 
of the COVID-19 index date (Table  1). The most fre-
quent COVID-19 treatment was dexamethasone (7%), 
followed by remdesivir (4%) and monoclonal antibod-
ies (2%). Older age, male sex, Black race, COVID-19 
illness early in the pandemic, and a greater number 
of comorbidities before COVID-19 illness were dis-
proportionately represented among those with severe 
COVID-19 outcomes (hospitalization, critical care, me-
chanical ventilation, or 60-day mortality, Table 1).

Hypertension and Severe COVID-19 
Outcomes
Among patients with COVID-19, severe COVID-19 out-
comes were twice as frequent among those with hyper-
tension compared with those without hypertension: 18% 
versus 9% for hospitalization, 4% versus 2% for critical care, 
2% versus 1% for mechanical ventilation, and 3% versus 
1% for 60-day mortality (Table 2). Of 518 293 (81%) patients 
whose hypertension control could be classified, 35% had 
BP <130/80, 37% had BP 130 to 139/80 to 89, 22% had 
BP 140 to 159/90 to 99, and 7% had BP ≥160/100. The 

Characteristic All COVID-19 Hospitalization Critical care
Mechanical 
ventilation

60-day 
mortality*

Smoking status

Current smoker 72 359 5% 5% 5% 4% 3%

Former smoker 146 896 10% 13% 16% 13% 16%

Never smoker 506 885 34% 24% 29% 21% 21%

Unknown or missing 768 697 51% 58% 51% 62% 60%

COVID-19 treatments

Dexamethasone 107 777 7% 40% 54% 52% 44%

Monoclonal antibodies 34 682 2% 2% 2% 1% 1%

Remdesivir 66 210 4% 29% 39% 38% 30%

BMI

<30 kg/m2 426 797 29% 37% 41% 34% 42%

≥30 kg/m2 363 352 24% 34% 39% 38% 30%

BMI missingǁ 704 688 47% 28% 20% 28% 29%

*60-day mortality refers to in-hospital mortality.
†Missing and “Other” not shown.
‡All hypertension and diabetes included patients who did not have a documented blood pressure measurement or glycated hemoglobin, respectively, within 

18 months before COVID-19, so control status could not be categorized.
§Comorbidities with prevalence ≥5% are displayed; other comorbidities with prevalence <5% included rheumatoid arthritis, systemic lupus erythematosus,

seizures or epilepsy, alcohol use disorder, chronic obstructive pulmonary disease, cirrhosis, dementia, Down syndrome, end-stage renal disease, HIV, 
hemiplegia, inflammatory bowel disorder, multiple sclerosis, peripheral vascular disorders, Parkinson disease, pulmonary circulation disorders, chronic 
pulmonary disorders, sickle cell disease, or weight loss.

ǁBMI was missing if patients did not have a recorded height and weight within 18 months of the index positive test.
BMI indicates body mass index; and PCORnet, National Patient-Centered Clinical Research Network.

Table 1.  Continued
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frequency of hospitalization, critical care, mechanical ven-
tilation, and 60-day mortality were lowest among patients 
with BP 130 to 139/80 to 89 (11% hospitalized, 3% criti-
cal care, 1% mechanically ventilated, 2% 60-day mortality), 
higher among those with BP 140 to 159/90 to 99 (16% 
hospitalized, 4% critical care, 2% mechanically ventilated, 
3% 60-day mortality) and highest among patients with BP 
≥160/100 (22% hospitalized, 6% critical care, 3% mechani-
cally ventilated, 4% 60-day mortality). Those with the lowest 
BP (<130/80) were older, had higher Combined Comorbidity 
Index scores, and had slightly worse COVID-19 outcomes 
than those with BP 130 to 139/80 to 89.

In unadjusted analyses among patients with hyperten-
sion, the poorest BP control level was significantly asso-
ciated with greater odds of hospitalization (OR, 1.48 [95% 
CI, 1.41–1.55] for BP ≥160/100 versus BP <130/80), criti-
cal care (OR:1.59 [95% CI, 1.48–1.71]), mechanical ventila-
tion (OR, 1.63 [95% CI, 1.45–1.84]), and 60-day mortality 
(OR, 1.34 [95% CI, 1.22–1.47]) (Table S1). In adjusted anal-
yses, associations remained statistically significant for BP 
≥160/100 versus BP <130/80 for hospitalization (aOR, 
1.30 [95% CI, 1.23–1.37]), critical care (aOR, 1.30 [95% 

CI, 1.21–1.40]), and mechanical ventilation (aOR, 1.32 
[95% CI, 1.17–1.50]), but not 60-day mortality (aOR, 1.08 
[95% CI, 0.98–1.12]) (Figure 1 and Table S2). There was 
a less pronounced but statistically significant association 
for BP 140 to 159/90 to 99 versus BP <130/80 for hos-
pitalization (aOR, 1.05 [95% CI, 1.00–1.09]), critical care 
(aOR, 1.13 [95% CI, 1.10–1.20]), and mechanical ventila-
tion (aOR, 1.17 [95% CI, 1.06–1.29]). Among patients with 
hypertension, Black and Hispanic adults were more likely 
to be hospitalized, receive mechanical ventilation, or re-
ceive critical care, compared with White adults (Table S2). 
Other characteristics independently associated with more 
severe COVID-19 outcomes included higher comorbidity 
score, male sex, and COVID-19 illness during the earliest 
phase of the pandemic.

Diabetes and Severe COVID-19 Outcomes
Among patients with COVID-19, the frequency of se-
vere COVID-19 outcomes was 3 to 7 times higher for 
those with diabetes than those without: 32% versus 
10% for hospitalization, 10% versus 2% for critical care, 

Table 2.  Demographic and Clinical Characteristics of Patients With COVID-19, by Hypertension and Control Status, 
PCORnet, March 2020 to February 2022

Hypertension Blood pressure control category

No Yes* <130/80 130–139/80–89 140–159/90–99 ≥160/100

Number 857 034 638 128 180 021 192 728 111 519 34 025

Mean age, y 41.1 54.1 52.8 51.1 55.6 58.5

Sex

Female 55% 57% 64% 58% 53% 53%

Male 45% 43% 36% 42% 47% 47%

Hispanic ethnicity†

Yes 19% 13% 13% 13% 12% 12%

No 67% 83% 85% 85% 85% 86%

Race†

Asian 3% 2% 2% 2% 2% 2%

Black 15% 19% 16% 17% 20% 26%

White 59% 68% 72% 71% 69% 62%

Combined 
Comorbidity Index 
score (mean)

0.4 2.0 2.4 1.6 2.0 2.5

Body mass index 
(mean)†

24.9 28.0 27.0 28.6 29.0 27.5

COVID-19 outcomes

Hospitalization 9% 18% 15% 11% 16% 22%

Critical care 2% 4% 4% 3% 4% 6%

Mechanical 
ventilation

1% 2% 2% 1% 2% 3%

60-d mortality‡ 1% 3% 3% 2% 3% 4%

PCORnet indicates National Patient-Centered Clinical Research Network.
*Includes 119 835 who met criteria for hypertension but could not be classified by control status (ie, did not have blood pressure measurement within

18 months before COVID-19). Blood pressure control categories shown in mm Hg.
†Missing and “Other” not shown.
‡60-day mortality refers to in-hospital mortality.
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5% versus 1% for mechanical ventilation, and 7% ver-
sus 1% for 60-day mortality (Table 3). Among 123 557 
(67%) adults with diabetes whose control status could 
be classified, 47% had HbA1c <7%, 34% had HbA1c 
7% to <9%, and 20% had HbA1c ≥9%. The frequency 
of hospitalization, critical care, and mechanical ventila-
tion was lowest among patients with HbA1c <7% (28% 
hospitalized, 9% critical care, 4% mechanically ven-
tilated) and highest among patients with HbA1c ≥9% 
(37% hospitalized, 11% critical care, 6% mechanically 
ventilated). In-hospital 60-day mortality was similar 
among patients regardless of HbA1c level.

Among patients with diabetes, there was a graded 
association between higher HbA1c and more severe 
COVID-19 outcomes. In unadjusted analyses, higher 
HbA1c was significantly associated with greater odds of 
hospitalization (OR, 1.52 [95% CI, 1.40–1.64] for HbA1c 
≥9% versus HbA1c <7%; OR, 1.10 [95% CI, 1.04–1.17] 
for HbA1c 7% to <9% versus <7%), critical care (OR, 
1.51 [95% CI, 1.38–1.65] for HbA1c ≥9% versus HbA1c 
<7%, OR, 1.10 [95% CI, 1.02–1.19] for HbA1c 7%–<9% 
versus <7%), and mechanical ventilation (OR, 1.35 [95% 
CI, 1.22–1.48] HbA1c ≥9% versus HbA1c <7%; OR, 
1.12 [95% CI, 1.01–1.23] for HbA1c 7% to <9% versus 
<7%) (Table  S1). After adjustment, associations were 

statistically significant for hospitalization (aOR, 1.61 [95% 
CI, 1.47–1.76] for HbA1c ≥9% versus HbA1c <7%; OR, 
1.10 [95% CI, 1.05–1.16] for HbA1c 7% to <9% versus 
<7%), critical care (aOR, 1.42 [95% CI, 1.31–1.54] for 
HbA1c ≥9% versus HbA1c <7%; OR, 1.08 [95% CI, 
1.00–1.16] for HbA1c 7% to <9% versus <7%), mechan-
ical ventilation (aOR, 1.12 [95% CI, 1.02–1.23] for HbA1c 
≥9% versus HbA1c <7%; not significant for HbA1c 7% to 
<9% versus <7%), and 60-day mortality (aOR, 1.18 [95% 
CI, 1.09–1.27] for HbA1c ≥9% versus HbA1c <7%; OR, 
1.07 [95% CI, 1.01–1.15] for HbA1c 7% to <9% versus 
<7%) (Figure 2 and Table S3). Among adults with diabe-
tes, Black adults were more likely to be hospitalized than 
White adults, and Hispanic adults were more likely to be 
hospitalized, receive critical care, and receive mechanical 
ventilation than White adults (Table S3). Higher comor-
bidity score, male sex, and COVID-19 illness during the 
earliest phase of the pandemic were also associated with 
more severe COVID-19 outcomes.

DISCUSSION
In a large-scale, multisite study of nearly 1.5 million US 
adults, we observed that poor control of hypertension 

Table 3.  Demographic and Clinical Characteristics of Patients With COVID-19, by Diabetes and Control Status, PCORnet, 
March 2020 to February 2022

Diabetes HbA1c control category

No Yes* <7% 7%–<9% ≥9%

Number 1 311 896 183 266 57 892 41 457 24 208

Mean age, y 44.9 59.5 60.4 61.5 55.0

Sex

Female 56% 52% 54% 50% 49%

Male 43% 48% 46% 50% 51%

Hispanic ethnicity†

Yes 16% 18% 15% 18% 26%

No 73% 78% 82% 79% 71%

Race†

Asian 3% 3% 3% 3% 2%

Black 15% 24% 24% 21% 29%

White 64% 58% 60% 61% 49%

Combined Comorbidity 
Index score (mean)

0.7 3.4 3.9 3.5 3.3

Body mass index (mean)† 25.8 30.4 30.6 30.5 31.5

COVID-19 outcomes

Hospitalization 10% 32% 28% 30% 37%

Critical care 2% 10% 9% 9% 11%

Mechanical ventilation 1% 5% 4% 5% 6%

60-d mortality‡ 1% 7% 6% 7% 6%

PCORnet indicates National Patient-Centered Clinical Research Network.
*Includes 59 709 who met criteria for diabetes but could not be classified by control status (ie, did not have glycated hemoglobin measurement within

18 months before COVID-19).
†Missing and “Other” not shown.
‡60-day mortality refers to in-hospital mortality.
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and diabetes was associated with greater odds of 
severe COVID-19 outcomes. In adjusted models of 
adults with hypertension, those with least controlled 
BP levels had approximately 30% greater odds of hos-
pitalization, 30% greater odds of critical care, and 32% 
greater odds of mechanical ventilation compared with 
those with the most controlled BP level. Among adults 
with diabetes, those with the least controlled HbA1c 
level had approximately 61% greater odds of hospitali-
zation, 42% greater odds of critical care, 12% greater 
odds of mechanical ventilation, and 18% greater odds 
of 60-day mortality compared with those with the most 
controlled HbA1c level. Overall, findings from this study 
address a research gap regarding the independent 
associations of BP and HbA1c control with COVID-19 
severity, identifying those with least control as subpop-
ulations at greatest risk for severe COVID-19 outcomes. 
Strengths of our study include the large population size 
across a broad geographic area, study period encom-
passing multiple pandemic phases, ability to assess 
BP and HbA1c before SARS-CoV-2 infection rather 
than upon hospital admission, and adjustment for dif-
ferences in demographic and clinical characteristics 

among adults across BP and HbA1c control levels dur-
ing a large proportion of the pandemic.

An important contribution of this study is that it 
clarifies the independent association between hy-
pertension and severe COVID-19 outcomes, which 
some studies have suggested might be driven by age 
or other comorbidities.20,21 These results add to an 
emerging body of research that has presented con-
flicting findings. One study of 12 548 patients with hy-
pertension and COVID-19 in the Kaiser Permanente 
system in Southern California found that uncontrolled 
BP (>130/80) was not associated with hospitalization 
or mortality.22 Our study included a much larger pop-
ulation and more refined strata of baseline BP and ob-
served stronger associations between hypertension 
control and hospitalization, mechanical ventilation, and 
critical care in the highest stratum (BP ≥160/100). Our 
findings were consistent with 2 studies from Wuhan, 
China. One of these assessed 803 hospitalized pa-
tients with hypertension and COVID-19 and found that 
higher systolic and diastolic BP were associated with 
adverse outcomes including intensive care unit admis-
sion and mortality.23 The other, which consisted of 2864 
hospitalized patients, also found that worse BP control 
was associated with worse COVID-19 outcomes.24 An 

Figure 1.  Adjusted odds ratios for COVID-19 outcomes 
by hypertension control status, PCORnet, March 2020 to 
February 2022.
This figure shows adjusted odds ratios for inpatient hospita­
lization, critical care use, mechanical ventilation, and 60-day 
in-hospital mortality by strata of blood pressure control, with 
blood pressure <130/80 mm Hg as the referent category. Models 
controlled for age in years, age squared, sex, race, ethnicity, 
obesity, Combined Comorbidity Index score, smoking status, 
COVID-19 treatments (receipt of dexamethasone, receipt of 
remdesivir, receipt of monoclonal antibodies), and pandemic 
phase. This analysis was limited to patients with hypertension 
whose blood pressure control status could be categorized 
(n=518 293 overall; model sample sizes varied depending on 
participating PCORnet sites). The number of sites that had model 
convergence was 32, 24, 23, and 29 for each of the outcomes, 
respectively. aOR indicates adjusted odds ratio; PCORnet, 
National Patient-Centered Clinical Research Network.

Hospitalization

Mechanical
Ventilation

Critical Care

60-Day Mortality

130–139/80–89
140–159/90–99

≥160/100

130–139/80–89
140–159/90–99

≥160/100

130–139/80–89
140–159/90–99

≥160/100

130–139/80–89
140–159/90–99

≥160/100

<130/80

<130/80

<130/80

<130/80

0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
aOR and 95% CI Figure 2.  Adjusted odds ratios for COVID-19 outcomes by 

diabetes control status, PCORnet, March 2020 to February 
2022.
This figure shows adjusted odds ratios for inpatient hospita­
lization, mechanical ventilation, critical care use, and 60-day in-
hospital mortality by strata of HbA1c control, with HbA1c <7% 
as the referent category. Models controlled for age in years, age 
squared, sex, race, ethnicity, obesity, Combined Comorbidity 
Index score, smoking status, COVID-19 treatments (receipt of 
dexamethasone, receipt of remdesivir, receipt of monoclonal 
antibodies), and pandemic phase. This analysis was limited 
to patients with diabetes whose HbA1c control status could 
be categorized (n=123 557 overall; model sample sizes varied 
depending on participating PCORnet sites). The number of sites 
that had model convergence was 29, 22, 21, and 26 for each of 
the outcomes, respectively. aOR indicates adjusted odds ratio; 
HbA1c, glycated hemoglobin; PCORnet, the National Patient-
Centered Clinical Research Network.
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important difference between our study and these 2 
was our use of baseline, pre-COVID-19 measures of 
BP instead of in-hospital BP assessment, during which 
SARS-CoV-2 infection itself and the hospital environ-
ment might have influenced BP levels.25

One proposed mechanism by which hyperten-
sion could exacerbate COVID-19 risk is through ele-
vated immunological activity and inflammation.26 The 
relationship between uncontrolled hypertension and 
severe COVID-19 outcomes is especially concerning 
given the high prevalence of uncontrolled hypertension 
in the United States2 and increases in mean systolic 
and diastolic BP during the COVID-19 pandemic.27 
Such population-level increases in BP might be re-
lated to increased alcohol consumption and stress 
or decreased physical activity and access to medi-
cal care.4,27,28 To improve hypertension management, 
some clinical practices have made concerted efforts 
to increase use of telehealth services and support for 
self-measured BP monitoring.29,30

Counterintuitively, severe COVID-19 outcomes were 
less frequent among adults with hypertension who had 
BP 130 to 139/80 to 89 compared with the lowest BP 
level of <130/80. Prior research has shown that adults 
with hypertension and lower BP tend to be older, with 
more comorbidities, and with a longer history of hy-
pertension.31,32 Adults with hypertension  in our study 
with BP <130/80 were older than those with BP 130 
to 139/80 to 89; however, worse COVID-19 outcomes 
among those with BP <130/80 persisted in adjusted 
regression models that controlled for age and comor-
bidity score. Such findings suggest the possibility of re-
sidual confounding by factors we could not capture or 
a potential association between low BP or hypotension 
(which would have been grouped with BP <130/80) 
and frailty as well as severe COVID-19 outcomes.33–35

Severe COVID-19 outcomes were 3 to 7 times 
higher for those with diabetes compared with those 
without, and adjusted models demonstrated a stepped 
association between higher HbA1c levels and more se-
vere COVID-19 outcomes. Our findings are consistent 
with prior studies that have found associations of higher 
HbA1c with COVID-19 severity and mortality.11,12,36 
As with hypertension, proposed mechanisms of in-
creased risk of severe COVID-19 from diabetes include 
chronic inflammation and dysregulated immune func-
tion.12 Also potentially related to inflammation or auto-
immunity, emerging evidence suggests that COVID-19 
might increase diabetes incidence and hyperglycemia, 
indicating a bidirectional relationship.37,38 Potentially 
exacerbating risk, HbA1c levels might have increased 
during the pandemic for some patients5,39 due to less 
screening and monitoring and to behavior changes 
related to the pandemic.40 Among young and middle-
aged adults with diabetes, a majority reported delaying 
medical care due to COVID-19 concerns (63%–87%), 

and many reported difficulty accessing medications 
(26%–44%).41 Technologies such as telehealth and 
home monitoring of blood glucose might help support 
diabetes management, especially in the context of 
health care disruption due to the pandemic.39

In addition to hypertension and diabetes, other fac-
tors observed to be independently associated with 
more severe COVID-19 outcomes were consistent with 
prior studies. Higher Combined Comorbidity Index 
scores, indicating more comorbidities, were associ-
ated with greater odds of severe COVID-19 outcomes. 
In prior studies, multiple comorbidities have been as-
sociated with COVID-19 risk, including obesity, chronic 
liver disease, chronic kidney disease, chronic neuro-
logic disease, chronic pulmonary disease, diabetes, 
and heart disease.42,43 We also observed greater odds 
of severe COVID-19 outcomes among male adults42 
and adults whose COVID-19 index event was in the 
earliest phase of the pandemic (March 1 through April 
30, 2020), as other research has shown.44 Black adults 
and Hispanic adults were more likely to experience 
severe COVID-19 outcomes, which is consistent with 
prior studies demonstrating disparities in COVID-19 
risk.42,45,46 These effects were independent of comor-
bidity score and control of hypertension or diabetes. 
It should be noted that race is not a biological con-
struct, and observed disparities could be driven by dif-
ferences in social determinants of health,1 health care 
access, other societal and health system inequities, or 
residual confounding by other underlying health con-
ditions.45–47 At a population level, potential effects of 
poor hypertension and diabetes control on COVID-19 
outcomes could disproportionately affect Black and 
Hispanic adults, given longstanding disparities in 
chronic disease management1 and potential exacer-
bation of these disparities during the pandemic due to 
factors such as reduced access to telehealth, internet 
access, and other technological supports for chronic 
disease management.48

This study had several limitations. First, patients in 
this study might not be generalizable to the US popula-
tion; most of the institutions included were tertiary care 
academic medical centers in urban settings. In addi-
tion, many patients with COVID-19 were not captured in 
our data set, particularly those who tested in commu-
nity settings, tested using at-home kits, or did not test 
at all. This likely biases our study toward inclusion of 
patients at higher risk for more severe COVID-19, which 
does not affect internal validity but might limit generaliz-
ability. However, if patients at higher risk for more severe 
COVID-19 were also more likely to have poorly controlled 
hypertension or diabetes, then collider bias could have 
influenced our findings. Second, some patients’ hyper-
tension or diabetes control status could not be classi-
fied because they did not have a BP or HbA1c within 
18 months before the COVID-19 index date. Missing 



J Am Heart Assoc. 2023;12:e030240. DOI: 10.1161/JAHA.122.030240 10

Jackson et al� Chronic Disease Control and COVID-19 Outcomes

data could bias results if there was differential missing-
ness by BP and HbA1c level. Third, patient hypertension 
or diabetes control status could have been misclassi-
fied if BP or HbA1c measures changed from between 
the date of assessment and the COVID-19 index date 
or if the patient experienced transient high BP levels in 
health care settings (ie, the “white coat hypertension” 
phenomenon). Fourth, we cannot causally attribute the 
patient’s hospitalization, critical care, mechanical ven-
tilation, or death to their laboratory-confirmed SARS-
CoV-2 infection; it is possible that some patients were 
hospitalized, treated, or died for reasons independent 
of their SARS-CoV-2 infection. Fifth, not all sites were 
included in final models; if a model did not converge for 
a particular DataMart (typically because of small sam-
ple sizes or small number of events among patients at 
those sites, especially at children’s hospitals that had 
few patients aged 20 years and older), those data were 
discarded rather than pooled. Sixth, we did not distin-
guish between type 1 and type 2 diabetes, which might 
have differential relationships with COVID-19 outcomes 
and warrant further study. Finally, residual confounding 
might have occurred due to factors such as body mass 
index (which was missing in nearly half of patients, al-
though we included both obesity status and an indicator 
for missing body mass index in our models) or unmea-
sured factors. We were unable to adjust for COVID-19 
vaccination status due to poor capture of COVID-19 
vaccination status in electronic health records for vac-
cinations that were delivered outside of health systems. 
Future studies could confirm our findings in different 
electronic health record data systems and patient pop-
ulations, could explore multivariable models comparing 
the nonhypertension (and nondiabetes) groups against 
various levels of chronic disease control, and could ex-
amine robustness of results across additional stratifi-
cations, such as by age, by pre- and postvaccination 
eras, by pre- and post-in-home-testing eras, and by 
additional categories of BP control (such as systolic BP 
110–130).

CONCLUSIONS
In conclusion, this multisite study of nearly 1.5 million US 
adults demonstrated worse COVID-19 severity among 
patients with poorly controlled hypertension and diabe-
tes. These results have important implications for clini-
cal and public health practice, especially given existing 
disparities in chronic disease control and the role such 
disparities might play in exacerbating observed dispari-
ties in COVID-19 outcomes. Clinicians and public health 
professionals can encourage adults with poorly con-
trolled hypertension or diabetes to adhere to COVID-19 
vaccination recommendations and encourage these 
patients to seek early treatment for COVID-19 to prevent 

progression to severe disease.14,49 Additionally, results 
underscore the importance of ongoing chronic disease 
management during a pandemic, including through 
out-of-office services, such as telehealth, and strategies 
such as disease self-management education and sup-
port, as well as self-measured BP monitoring and home 
blood glucose measurements with clinical support.30,50 
Ongoing efforts to adapt care delivery to the chang-
ing needs of the population during the pandemic could 
potentially improve population health and COVID-19 
outcomes or outcomes from other infectious diseases. 
Finally, improved capture of data related to COVID-19 
care, particularly vaccination status, would help to miti-
gate the limitations cited as well as improve the reliability 
of research findings.
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