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Abstract

COVID-19 has resulted in more than 100 million reported infections in the United States.
Hypertension is a highly prevalent comorbidity among adults hospitalized with COVID-19
and is commonly associated with cardiovascular disease, chronic kidney disease, endothe-
lial dysfunction, and systemic inflammation. Our study aimed to evaluate the impact of hy-
pertension on outcomes among COVID-19 hospitalizations. We conducted a retrospective
study using the National Inpatient Sample. We included 5.9 million adult hospitalizations
with confirmed COVID-19 between 2020 and 2022, of which 3.7 million had concomitant
HTN and 2.2 million did not. After multivariable adjustment, HTN was associated with
higher odds of noninvasive ventilation (aOR 1.40, 95% CI 1.37–1.43), acute kidney injury
(aOR 1.64, 95% CI 1.62–1.67), renal replacement therapy (aOR 4.17, 95% CI 4.02–4.34), atrial
fibrillation (aOR 1.76, 95% CI 1.74–1.79), acute myocardial infarction (aOR 1.52, 95% CI
1.48–1.56), ischemic stroke (aOR 1.50, 95% CI 1.44–1.57), cardiac arrest (aOR 1.21, 95% CI
1.17–1.25), severe COVID-19 (aOR 1.78, 95% CI 1.75–1.80), and critical COVID-19 (aOR 1.65,
95% CI 1.63–1.67). HTN was also associated with a slightly longer adjusted length of stay
and higher adjusted total charges. The hypertension group had higher crude in-hospital
mortality (12.6% vs. 9.3%); however, after multivariable adjustment, hypertension was
associated with lower odds of in-hospital mortality (aOR 0.92, 95% CI 0.90–0.93; p < 0.001).
Overall, hypertension was associated with increased inpatient morbidity and a complicated
hospital course among hospitalizations with COVID-19, despite lower adjusted odds of
in-hospital mortality.
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1. Introduction
In the United States, nearly 50% of all adults have been diagnosed with hyperten-

sion (HTN) [1]. By April 2023, more than 104 million COVID-19 cases were reported
in the United States [2]. Hypertension has been identified as one of the most common
comorbidities among patients hospitalized with COVID-19 [3].

Research has also shown that COVID-19 infection was more likely to trigger persistent
hypertension in vulnerable patients than influenza [4]. In a follow-up after 6 months, it was
found that over 20% of hospitalized COVID-19 patients and about 11% of non-hospitalized
patients developed HTN [4].

There is a reciprocal relationship between COVID-19 infection and HTN; they make
each other worse by damaging the blood vessels and disturbing the chemical balance in
the body. SARS-CoV-2 enters host cells by binding to the angiotensin-converting enzyme
2 (ACE2) receptor, which may contribute to dysregulation of the renin–angiotensin sys-
tem and increased angiotensin II activity, promoting vasoconstriction and elevated blood
pressure. Coronavirus can also directly cause inflammation in the endothelial lining of
the blood vessels [5], leading to the increased production of pro-inflammatory markers
such as IL-6, TNF-alpha, IL-1β, IFN-γ, and acute phase reactants such as CRP and ferritin.
An increase in D-dimer and lactate dehydrogenase can lead to disseminated intravascular
coagulation [6].

This hyper-exaggerated host immune system response is called a ‘cytokine storm’ and
can lead to severe fatigue, hyperthermia, apnea, hypoxia, tachycardia, and kidney injury [7].
In hospitalizations with hypertension, excessive damage to the endothelial lining of the
blood vessels by the coronavirus can trigger systemic inflammation and disseminated
intravascular coagulation more commonly than in hospitalizations with normal blood
pressure [8]. Chronic HTN can also hinder the immune response in fighting the COVID-19
infection, as well as cause acute kidney injury due to vasoconstriction of the renal blood
vessels, further altering the renin–angiotensin system [9]. Hospitalizations with HTN
not controlled by medication were 15% more likely to be admitted to the intensive care
unit with acute respiratory distress syndrome than hospitalizations with normal blood
pressure requiring ventilatory support [10]. Due to the impact of the coronavirus on the
cardiovascular system, previously healthy hospitalizations developed arterial stiffness and
were reported to have abnormal blood pressure after contracting COVID-19. This had a
greater impact on women than on men [11].

Despite the prevalence of HTN in the US and its impact on the outcomes of COVID-
19, gaps remain in the understanding of the impact of HTN on the clinical outcomes
of patients hospitalized with COVID-19. Several early studies comparing outcomes in
COVID-19 hospitalizations with hypertension are limited by small sample sizes, have
not adequately included hospitalizations admitted to hospitals across the US, or used a
single-center design, limiting their relevance to the general population [12–14]. There is
also limited evidence accounting for hospital-level factors such as teaching status, bed
size, and location, which may influence COVID-19 outcomes by reflecting differences in
hospital resources, case complexity, referral patterns, staffing, access to intensive care,
and availability of advanced therapies such as mechanical ventilation, renal replacement
therapy, and extracorporeal membrane oxygenation. Accounting for these factors helps
distinguish the association between hypertension and clinical outcomes from differences
related to where hospitalizations received care.

To address these gaps, we utilized the NIS database, the largest inpatient database of
hospitalizations in the US, to investigate the outcomes of COVID-19 hospitalizations with
HTN [15]. In our study, we investigated the outcomes of mortality, need for non-invasive
and invasive ventilation, length of hospital stay, total hospital charges, use of vasopressors,
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incidence of acute kidney injury, and the need for renal replacement therapy. We also
included outcomes not extensively studied previously [13,14] but which could impact
the long-term outcomes for hospitalizations, such as incidence of myocardial ischemia
and stroke, and cardiac arrest. The impact on the circulatory and respiratory systems
was studied through outcomes of deep vein thrombosis, pulmonary embolism, and acute
respiratory distress syndrome. We also reported the need for ECMO utilization and septic
shock in COVID-19 hospitalizations with hypertension. Both patient and hospital variables
were taken into account, and subgroup analysis was performed to ensure the accuracy of
the results.

2. Methods
2.1. Data Source and Study Design

A retrospective cohort study was carried out using the National Inpatient Sample
(NIS) database between 2020 and 2022. The NIS forms part of the Healthcare Cost and
Utilization Project, which is sponsored by the Agency for Healthcare Research and Quality.
It is one of the largest all-payer inpatient databases available to the public in the United
States and includes discharge-level data drawn from a stratified sample of U.S. community
hospitals; furthermore, when weighted, it yields nationally representative estimates of
inpatient hospitalizations.

The study looked at adult hospitalizations who were 18 years of age or older and
were hospitalized due to COVID-19 from 1 January 2020, to 31 December 2022. COVID-19
hospitalizations were identified using ICD-10-CM code U07.1 in any diagnosis position.
To address the possibility of incidental COVID-19 among hospitalizations where U07.1
appeared only as a secondary diagnosis, we performed a sensitivity analysis restricted to
hospitalizations with U07.1 listed as the principal diagnosis. Hypertension was identified
using ICD-10-CM diagnosis codes I10, I11, I12, I13, I15, and I16. The hospitalizations were
divided into groups according to whether or not they had hypertension. The study cohort
comprised all adult hospitalizations with a diagnosis of COVID-19 during the period in
question. Those under 18 years of age were excluded. Hospitalizations with missing
data for key outcomes, such as in-hospital mortality, were excluded when carrying out
the outcome-specific analyses. The final weighted cohort was split into two groups: one
consisting of hospitalizations with hypertension and the other of those without.

2.2. Variables and Covariates

The main exposure variable was hypertension status, recorded as a binary categorical
variable. Categorical covariates included sex, race/ethnicity, median household income
quartile based on ZIP code, primary expected payer, hospital region, hospital teaching
status and location, hospital bed size, hospital division, and calendar year. Continuous
covariates included age and modified Charlson Comorbidity Index.

Binary clinical outcome variables included in-hospital mortality, acute kidney in-
jury, invasive ventilation, non-invasive ventilation, vasopressor use, septic shock, acute
myocardial infarction, cardiogenic shock, acute respiratory distress syndrome, extracor-
poreal membrane oxygenation use, cardiac arrest, ischemic stroke, pulmonary embolism,
deep vein thrombosis, RRT, atrial fibrillation, severe COVID-19, and critical COVID-19.
Continuous outcome variables included length of stay and total hospital charges.

2.3. Outcomes

The primary outcome was in-hospital mortality, recorded as a binary categorical vari-
able. Secondary binary clinical outcomes included acute kidney injury, invasive ventilation,
non-invasive ventilation, vasopressor use, septic shock, acute myocardial infarction, cardio-
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genic shock, acute respiratory distress syndrome, extracorporeal membrane oxygenation
use, cardiac arrest, ischemic stroke, pulmonary embolism, deep vein thrombosis, renal re-
placement therapy, and atrial fibrillation. Continuous outcomes included length of hospital
stay, recorded in days, and total hospital charges, recorded in U.S. dollars.

Composite outcomes of severe COVID-19 and critical COVID-19 were also recorded as
binary categorical variables. The severe COVID-19 composite included mortality, invasive
ventilation, non-invasive ventilation, acute kidney injury, renal replacement therapy, vaso-
pressor use, acute respiratory distress syndrome, extracorporeal membrane oxygenation
use, acute myocardial infarction, ischemic stroke, pulmonary embolism, deep vein throm-
bosis, atrial fibrillation, cardiogenic shock, septic shock, and cardiac arrest. The critical
COVID-19 composite included mortality, invasive ventilation, acute kidney injury, renal
replacement therapy, vasopressor use, acute respiratory distress syndrome, extracorporeal
membrane oxygenation use, cardiogenic shock, septic shock, and cardiac arrest.

2.4. Statistical Analysis

All data analyses were conducted using Stata/BE version 17.0 (StataCorp LLC, College
Station, TX, USA). Nationally representative estimates were produced by incorporating
the NIS discharge weights, clustering, and stratification variables in all analyses. Baseline
characteristics were compared between hospitalizations with and without hypertension.
Categorical variables were reported as weighted frequencies and percentages and com-
pared using chi-square tests. Continuous variables were reported as means with standard
deviations or medians with interquartile ranges, depending on distribution, and compared
using appropriate survey-adjusted statistical tests.

Multivariable logistic regression was used to assess the association between hyperten-
sion status and in-hospital mortality. Additional multivariable logistic regression models
were used for binary secondary outcomes, and linear regression models were used for con-
tinuous outcomes, including length of stay and total hospital charges. Models were adjusted
for age, sex, race/ethnicity, income quartile, insurance status, hospital region, hospital
teaching status/location, hospital bed size, hospital division, calendar year, and modified
Charlson Comorbidity Index. Based on a presumed directed acyclic graph framework,
we used a modified Charlson Comorbidity Index to capture overall baseline comorbid-
ity burden while reducing overadjustment. Cardiovascular, cerebrovascular, renal, and
metabolic conditions were omitted because they are closely related to hypertension and
may lie on the pathway between hypertension and adverse COVID-19 outcomes or overlap
with measured outcomes. The retained conditions captured non-hypertension-related
comorbidity burden.

Results are reported as adjusted odds ratios for logistic regression models and adjusted
mean differences for linear regression models, with 95% confidence intervals. For binary
outcomes, adjusted risk differences were calculated from the multivariable survey-weighted
logistic regression models using average marginal effects and are reported as percentage-
point differences comparing hospitalizations with hypertension to those without hyperten-
sion. Missing data were handled using complete-case analysis for each outcome-specific
model. Hospitalizations with missing data for the outcome or covariates required for a
given model were excluded from that specific analysis. No imputation was performed.
Multicollinearity was assessed using variance inflation factors after an analogous linear
model and by reviewing model-estimation diagnostics. Mean VIF was low, and Stata
omitted collinear hospital-division categories where applicable. Predicted probabilities
were generated for the primary mortality model. Temporal trends in death rates from 2020
to 2022 were evaluated by calendar year. All statistical analyses were performed using
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survey-specific procedures appropriate for the complex sampling design of the NIS. A
two-sided p value < 0.05 was considered statistically significant.

2.5. Ethical Considerations

The data in the NIS database are de-identified and publicly available at the discharge
level, which is why this study did not need approval from an institutional review board or
informed consent.

3. Results
3.1. Study Population

The study selection process is summarized in Figure 1. The hypertension cohort had
a greater modified Charlson comorbidity burden, which may partly explain why worse
nonfatal outcomes were observed in the hypertension group (Table 1). Additional mortality
analyses are presented in Tables S1 and S2.

Figure 1. Cohort selection flow diagram.

Table 1. Demographic and Clinical Characteristics of Hospitalizations with COVID-19 Infection,
Stratified by Hypertension.

Variable

COVID-19
Infection

Without HTN
(n = 2,188,362)

COVID-19
Infection

with HTN
(n = 3,746,203)

p-Value

Age, mean (years) 52.4 68.7 <0.001

Sex <0.001

Male 48.1% 52.3%

Female 51.9% 47.7%

Race <0.001

Caucasian 56.8% 61.6%

African American 13.7% 18.5%
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Table 1. Cont.

Variable

COVID-19
Infection

Without HTN
(n = 2,188,362)

COVID-19
Infection

with HTN
(n = 3,746,203)

p-Value

Hispanic 21.2% 13.3%

Asian/Pacific Islander 3.0% 2.8%

Native American 1.0% 0.7%

Other 4.2% 3.0%

National Income Quartile <0.001

1–$38,999 30.5% 33.1%

$39,000–$47,999 26.6% 27.0%

$48,000–$62,999 24.1% 23.0%

>$63,000 18.8% 16.9%

Insurance <0.001

Medicare 32.2% 65.6%

Medicaid 24.5% 10.9%

Private 37.2% 21.2%

Uninsured 6.1% 2.4%

Modified Charlson Comorbidity Index <0.001

0 76.3% 66.4%

1 17.5% 26.1%

2 3.2% 4.3%

>=3 3.0% 3.3%

Hospital Region <0.001

Northeast 17.9% 18.1%

Mid-West 19.8% 22.0%

South 40.3% 42.6%

West 22.1% 17.3%

Hospital Location & Teaching Status <0.001

Rural 10.1% 10.9%

Urban, Non-Teaching 18.6% 19.1%

Urban, Teaching 71.2% 69.9%

Hospital Bed Size 0.001

Small 25.2% 25.3%

Medium 28.8% 29.5%

Large 46.0% 45.2%

Hospital Division <0.001

New England 4.0% 3.9%

Middle Atlantic 13.9% 14.1%

East North Central 13.4% 15.9%

West North Central 6.4% 6.0%
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Table 1. Cont.

Variable

COVID-19
Infection

Without HTN
(n = 2,188,362)

COVID-19
Infection

with HTN
(n = 3,746,203)

p-Value

South Atlantic 20.6% 22.6%

East South Central 6.0% 7.1%

West South Central 13.6% 12.8%

Mountain 8.2% 5.8%

Pacific 13.9% 11.5%
HTN = Hypertension; COVID-19 = Coronavirus Disease 2019.

3.2. Clinical Outcomes

After multivariable adjustment using the modified Charlson Comorbidity Index,
hypertension was associated with higher odds of noninvasive ventilation (aOR 1.40, 95% CI
1.37–1.43), acute kidney injury (aOR 1.64, 95% CI 1.62–1.67), renal replacement therapy (aOR
4.17, 95% CI 4.02–4.34), atrial fibrillation (aOR 1.76, 95% CI 1.74–1.79), acute myocardial
infarction (aOR 1.52, 95% CI 1.48–1.56), ischemic stroke (aOR 1.50, 95% CI 1.44–1.57), and
cardiac arrest (aOR 1.21, 95% CI 1.17–1.25). Hypertension was also associated with higher
odds of the severe (aOR 1.78, 95% CI 1.75–1.80) and critical (aOR 1.65, 95% CI 1.63–1.67)
COVID-19 composite outcomes (Figures 2–5; Table S3).

Figure 2. Clinical outcomes comparing mortality, invasive ventilation, non-invasive ventilation, vaso-
pressor usage, acute kidney injury, renal replacement therapy, cardiogenic shock and acute respiratory
distress syndrome in hospitalizations with COVID-19 infection, with and without hypertension.
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Figure 3. Clinical outcomes comparing atrial fibrillation, Extracorporeal membrane oxygenation use,
cardiac arrest, acute myocardial infarction, ischemic stroke, pulmonary embolism, deep vein throm-
bosis and septic shock in hospitalizations with COVID-19 infection, with and without hypertension.

 

Figure 4. Clinical outcomes comparing severe COVID-19, critical COVID-19, length of stay and total
hospitalization charges in hospitalizations with COVID-19 infection, with and without hypertension.
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Figure 5. Forest Plot Depicting Adjusted Odds Ratios, Adjusted Mean Differences and Adjusted Risk
Differences for Hospitalizations with COVID-19 Infection and Hypertension.

The largest adjusted absolute differences were observed for severe COVID-19
(+11.58 percentage points), critical COVID-19 (+9.69), acute kidney injury (+7.78), renal
replacement therapy (+5.70), and atrial fibrillation (+5.21). Absolute differences for several
other statistically significant outcomes were comparatively small (Figure 2).

Hospitalizations with concomitant HTN had longer unadjusted hospital stays and
higher unadjusted total hospitalization charges. After adjustment for demographic, co-
morbidity, hospital, and calendar-year factors, HTN remained associated with a slightly
longer adjusted length of stay and higher adjusted total charges (adjusted mean difference,
+0.13 days and +$5038, respectively) (Figures 4 and 5). Temporal analysis demonstrated
that in-hospital mortality among hospitalizations with COVID-19 and HTN declined from
15.2% in 2020 to 14.6% in 2021, and then to 8.0% in 2022 (p < 0.001) (Figure 6). Similarly,
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COVID-19 hospitalizations in both cohorts were most frequent in 2021 (37.9% vs. 44.1%)
(p < 0.001) (Figure 7).

Figure 6. Mortality trends in hospitalizations with hypertension and concomitant COVID-19 from
the years 2020–2022.

Figure 7. Distribution of hospitalizations with hypertension and concomitant COVID-19 infection
from the years 2020–2022.
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3.3. Mortality and Sensitivity Analyses

Although hypertension was associated with higher unadjusted in-hospital mortality
(OR 1.41, 95% CI 1.38–1.43), the association reversed after adjustment for age, sex, and race
(aOR 0.88, 95% CI 0.87–0.90) and remained lower after further adjustment for sociodemo-
graphic, hospital, calendar-year, and modified comorbidity characteristics (aOR 0.92, 95%
CI 0.90–0.93; p < 0.001; Table S1).

The mortality association differed by age (Table S2). Hypertension was associated
with higher adjusted mortality among hospitalizations involving adults aged 18–44 years
(aOR 1.53, 95% CI 1.22–1.93), whereas the association was attenuated or inverse in older age
groups. In the sensitivity analysis restricted to 3,359,861 hospitalizations with COVID-19 as
the principal diagnosis, hypertension was not associated with adjusted in-hospital mortality
(aOR 1.01, 95% CI 0.98–1.03; p = 0.572; Table S1).

4. Discussion
In this large, nationally representative analysis of adult COVID-19 hospitalizations

in the United States from 2020 to 2022, hypertension was associated with greater renal
and cardiovascular morbidity and higher odds of severe and critical COVID-19 composite
outcomes after multivariable adjustment. However, adjusted in-hospital mortality was
lower, highlighting the importance of considering morbidity and disease severity alongside
mortality when interpreting these associations.

Given the large, weighted sample size, statistical significance should be interpreted
cautiously and in conjunction with effect size and adjusted absolute differences. The
largest adjusted absolute differences were observed for severe COVID-19, critical COVID-
19, acute kidney injury, renal replacement therapy, and atrial fibrillation, whereas sev-
eral other statistically significant outcomes had comparatively small absolute differences.
This pattern suggests that the most clinically meaningful associations were concentrated
in renal complications and broader severity measures, while smaller effects should be
interpreted cautiously.

The association between hypertension and COVID-19 outcomes has been debated
since the beginning of the pandemic. Early observational studies consistently identified
hypertension as one of the most common comorbidities among hospitalized patients and
reported associations with severe disease and mortality [13,14,16–18]. However, many of
those studies were conducted early in the pandemic, had smaller or single-center designs,
and focused primarily on mortality. The present analysis builds on that literature by
evaluating a broader range of clinically meaningful inpatient complications and composite
severity outcomes in a nationally representative cohort.

The lower adjusted mortality observed among hospitalizations with hypertension
should not be interpreted as a protective biologic effect of hypertension. In a hospitalized
cohort, index-event and admission-selection bias may occur if patients with hypertension,
older age, and greater comorbidity burden are admitted at a lower threshold or for different
clinical reasons than patients without hypertension. This selection into the hospitalized
cohort may make hypertension appear inversely associated with mortality even when it
is associated with greater inpatient morbidity. The age-stratified analysis supports this
interpretation, as hypertension was associated with higher adjusted mortality among
younger adults but attenuated or inverse mortality associations in older age groups.

This interpretation is further supported by the principal-diagnosis COVID-19 sen-
sitivity analysis, in which hypertension was not significantly associated with adjusted
in-hospital mortality. Differences in frailty, goals-of-care limitations, treatment intensity,
coding patterns, and incidental COVID-19 may also have contributed to the observed mor-
tality pattern. Therefore, the findings are best interpreted as population-level associations
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reflecting both clinical risk and hospitalization-selection factors rather than a direct causal
effect of hypertension on mortality. These findings are consistent with and extend our
preliminary NIS analysis conducted during the earlier pandemic period [19].

The association between hypertension and adverse renal outcomes was particularly
notable. Hospitalizations with hypertension had higher rates of acute kidney injury and
renal replacement therapy, and these associations remained significant after adjustment,
particularly for renal replacement therapy. Hypertension is a well-established risk factor for
chronic kidney disease and may reduce renal reserve, making affected individuals more sus-
ceptible to kidney injury during acute systemic illness. COVID-19 associated kidney injury
is thought to result from multiple mechanisms, including systemic inflammation, endothe-
lial dysfunction, coagulation pathway activation, microvascular thrombosis, hypoxemia,
hemodynamic instability, nephrotoxic exposures, multiorgan failure, and possible direct
viral kidney involvement [20,21]. These findings support careful renal monitoring and
early supportive management among hospitalized COVID-19 patients with hypertension.

Hypertension was also associated with higher adjusted odds of acute myocardial
infarction, atrial fibrillation, ischemic stroke, and cardiac arrest, with the largest cardio-
vascular association observed for atrial fibrillation. These findings are consistent with the
prior literature describing cardiovascular complications of SARS-CoV-2 infection, including
RAAS/ACE2 dysregulation, endothelial dysfunction, inflammation, platelet activation,
thrombosis, myocardial injury, oxygen supply–demand mismatch, and accelerated vascular
inflammation [20–28]. However, these mechanisms could not be directly evaluated in the
present NIS analysis. The database lacks blood pressure values, hypertension duration or
control, antihypertensive medication use, ACE inhibitor or angiotensin receptor blocker
exposure, laboratory biomarkers, and direct measures of endothelial or RAAS activity.
Accordingly, the cardiovascular findings should be interpreted as database associations
and coded inpatient events rather than mechanistic evidence.

Our findings should also be interpreted in the context of previous National Inpatient
Sample studies evaluating cardiovascular complications during the COVID-19 pandemic.
Studies of COVID-19 complicated by NSTEMI, pulmonary embolism, and type 2 myocar-
dial infarction have demonstrated increased mortality, prolonged hospitalization, greater
healthcare resource utilization, and changes in procedural management during the pan-
demic [29–31]. The present study extends this work by evaluating these associations across
a broader spectrum of inpatient outcomes in a nationally representative cohort.

The decline in mortality among hospitalizations with hypertension from 2020 to 2022
is also noteworthy and is consistent with prior NIS-based evidence showing temporal
changes in COVID-19 hospitalization outcomes during the same period [32]. This improve-
ment may reflect greater clinical experience, corticosteroid and antiviral use, advances in
respiratory support, increasing vaccination coverage, and changes in circulating SARS-CoV-
2 variants [33]. Despite this temporal improvement, hypertension remained associated
with higher morbidity and disease severity, underscoring the need to interpret survival
trends alongside nonfatal inpatient complications.

This study has several strengths. It represents one of the largest nationally representa-
tive analyses evaluating hypertension among adults hospitalized with COVID-19 in the
United States, including nearly six million hospitalizations over three years of the pandemic.
The use of the National Inpatient Sample enhances generalizability across hospital sizes,
regions, and practice settings. The analysis also incorporated adjusted absolute differences,
age-stratified mortality analyses, principal-diagnosis sensitivity analysis, and composite
severe and critical COVID-19 outcomes, allowing a more clinically balanced interpretation
than mortality alone.
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The clinical implications of these findings are that hypertension may serve as a marker
of increased risk for severe inpatient complications among adults hospitalized with COVID-
19. Early recognition of hypertension together with overall comorbidity burden may
support closer monitoring, earlier intervention, and appropriate resource allocation during
hospitalization. Future studies incorporating blood pressure control, duration and sever-
ity of hypertension, antihypertensive medication class, vaccination status, SARS-CoV-2
variant, laboratory data, imaging findings, and long-term follow-up are needed to clarify
mechanisms and determine whether these associations persist beyond hospitalization.

5. Limitations
This study has several limitations. First, this was a retrospective observational study

using an administrative database; therefore, causality cannot be established, and resid-
ual confounding remains possible despite multivariable adjustment. Important clinical
factors unavailable in the NIS, including hypertension severity and control, medication
use, vaccination status, illness severity, body mass index, smoking, functional status, and
access-to-care factors, may have influenced outcomes. Second, the National Inpatient
Sample relies on ICD-10-CM and ICD-10-PCS coding, making misclassification of diag-
noses, procedures, and outcomes possible. Third, the database does not include laboratory
values, oxygen requirements, inflammatory biomarkers, imaging findings, SARS-CoV-2
variants, COVID-19-directed therapies, or post-discharge outcomes. Fourth, because the
NIS captures hospitalizations rather than individual patients, repeat admissions may be
counted as separate encounters. Fifth, cardiovascular and cerebrovascular outcomes were
identified using ICD-10-CM codes without detailed phenotyping by mechanism, subtype,
timing, treatment, or present-on-admission status; therefore, these outcomes should be
interpreted as coded inpatient events rather than definitive evidence of ACS or specific
stroke mechanisms. Sixth, COVID-19 hospitalizations during January through March 2020
may be under-captured because ICD-10-CM code U07.1 was implemented in the United
States on April 1, 2020, so temporal trends involving 2020 should be interpreted cautiously.
Seventh, multiple outcomes were evaluated without formal correction for multiplicity;
therefore, findings should be interpreted according to effect size, adjusted absolute differ-
ences, and clinical magnitude rather than statistical significance alone. Finally, because
in-hospital mortality was included as a component of the severe and critical COVID-19
composite outcomes, these composite outcomes are not independent of the primary mortal-
ity outcome and should be interpreted as broader severity measures rather than separate
independent endpoints.

6. Conclusions
In this nationwide analysis of nearly six million adult COVID-19 hospitalizations,

hypertension was associated with greater inpatient morbidity and disease severity. Al-
though adjusted in-hospital mortality was lower, this finding should not be interpreted as
a protective effect and may reflect age, comorbidity burden, admission-selection factors,
and residual confounding. These findings support considering hypertension as a marker of
increased inpatient morbidity when interpreting outcomes among adults hospitalized with
COVID-19.

Supplementary Materials: The following supporting information can be downloaded at https://
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hypertension and clinical outcomes among adult COVID-19 hospitalizations.
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