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Incidence and risk factors of new-
onset hypertension up to 3 years
post SARS-CoV-2 infection
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COVID-19 can trigger new cardiovascular events, including hypertension, in the acute setting.
However, few studies have reported sustained new-onset hypertension post-infection. Moreover,
these studies have a small sample size, inadequate controls, and a short (<1 year) follow-up time. This
retrospective cohort study of 64,000 COVID-19 patients) from the Stony Brook Health System assessed
the incidence and risk factors for new-onset hypertension after COVID-19. Contemporary COVID-
negative controls were obtained and propensity-matched for age, race, sex, ethnicity, and major
comorbidities before analyzing outcomes. The primary outcome was new-onset hypertension up to 3
years post-index date. About 9.93% of hospitalized patients and 4.66% of non-hospitalized patients
developed new-onset hypertension after COVID-19. Hospitalized COVID-positive patients were more
likely to develop hypertension compared to COVID-negative controls (Hazard Ratio [HR]=1.57, 95%
Confidence Interval [CI] [1.35-1.81]) and non-hospitalized COVID-positive controls (HR: 1.42, 95%Cl
[1.24-1.63]). Non-hospitalized COVID-positive patients were not more likely to develop hypertension
than COVID-negative controls (HR: 1.05, 95%CIl [0.98-1.13]). COVID-19 was one of the five greatest
risk factors for developing hypertension. COVID-19 patients are at increased risk of developing
hypertension beyond the acute phase of the disease compared to controls. Long-term follow-up,
holistic workups, and vigilant blood pressure screening and/or monitoring for COVID-19 patients are
needed.
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The long-term health consequences of COVID-19 have garnered significant attention as a multitude of
persistent and systemic effects of the virus are uncovered, collectively referred to as post-acute sequelae of
COVID-19 (PASC), or “long COVID'” While much focus has been placed on respiratory and neurological
sequelae, emerging evidence highlights the potential for COVID-19 to contribute to the development of long-
term cardiovascular conditions, including hypertension. Hypertension, a leading global cause of morbidity
and mortality, often develops insidiously but carries significant implications for cardiovascular events such as
myocardial infarction, stroke, and heart failure?.

Mechanistically, COVID-19 may cause hypertension by persistent systemic inflammation, endothelial
dysfunction, and/or autonomic dysregulation. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection has been shown to directly impair endothelial function by down regulating angiotensin converting
enzyme 2 (ACE2) receptors, promoting vasoconstriction, oxidative stress, and pro-inflammatory states. In
addition, the virus may exacerbate pre-existing subclinical cardiovascular conditions, potentially unmasking
hypertension in individuals with predisposing risk factors. Chronic dysregulation of the renin-angiotensin-
aldosterone system (RAAS), a pathway critical to blood pressure regulation, may also play a central role in the
long-term sequelae of COVID-19.

The association between COVID-19 and new-onset hypertension is poorly understood, as only a handful of
studies have been conducted~°. Moreover, many of these studies have a small sample size, lack COVID-negative
controls, do not adequately distinguish between new-onset and persistent hypertension, or do not provide an in-
depth analysis of risk factors. Most studies are limited to at most a 6-month follow-up®. As such, the long-term
(> 1 year) effects of SARS-CoV-2 on developing hypertension have yet to be adequately analyzed.
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This study of over 1.7 million patients from January 2020 to October 2024 investigates the long-term association
between COVID-19 and new-onset hypertension at 3-year follow-up to capture the sustained effects of SARS-
CoV-2. Moreover, we stratified the COVID-positive patients into hospitalized and non-hospitalized cohorts to
compare the impact of COVID-19 severity on the development of new-onset hypertension. We also identified
the major risk factors for developing new-onset hypertension. Understanding the long-term risk of hypertension
in patients with COVID-19 is essential for guiding post-COVID care, including targeted monitoring and early
intervention strategies, to mitigate the cardiovascular burden associated with the pandemic.

Results

Figure 1 shows the cohort selection flowchart for this study. From January 2020 to October 2024, 64,250 patients
tested positive for COVID-19, and 225,980 patients tested negative for COVID-19 and never had a positive test
thereafter. There were 172,660 (76.40%) COVID-negative patients and 42,900 (66.77%) COVID-positive patients
who had no past medical history of hypertension. The COVID-positive cohort was divided into 5,500 (12.94%)
hospitalized patients and 37,350 (87.06%) non-hospitalized patients. Before matching, the number of patients
with new-onset hypertension at 3 years follow-up was 410 (9.93%), 1,650 (4.66%), and 12,030 (6.94%) for the
hospitalized COVID-positive, non-hospitalized COVID-positive, and COVID-negative cohorts, respectively.

Table 1 shows the baseline patient demographics for the three cohorts. Hospitalized COVID-positive patients
were more likely to be older (50.4+23.7 vs. 35.9+23.8, p <0.001) white (63% vs. 56%, p <0.001), male (54% vs.
45%, p<0.001) and had a higher prevalence of CAD, CHE, CKD, diabetes, obesity, COPD, and tobacco use (all
p<0.001), but not asthma (p=0.68), compared to COVID-negative patients.

Hospitalized COVID-positive patients were more likely to be older (50.4 £23.7 vs. 36.5+£22.4, p <0.001) white
(63% vs. 52%, p <0.001), male (54% vs. 42%, p <0.001) and had higher prevalence of CAD, CHE, CKD, diabetes,
COPD, and tobacco use (all p <0.001), but lower prevalence of asthma and obesity (p <0.001), compared to non-
hospitalized COVID-positive patients.

Non-hospitalized COVID-positive patients were more likely to be older (36.5+22.4 vs. 35.9+23.8, p<0.001),
less likely to be white (52% vs. 56%, p <0.001), less likely to be male (42% vs. 45%, p <0.001) and had higher
prevalence of CAD, CHE CKD, diabetes, obesity, COPD, asthma, and tobacco use (all p<0.001) compared to
COVID-negative patients.

Figure 2 shows the 3-year cumulative incidence curve for new-onset hypertension. At 3-year follow-up,
hospitalized COVID-positive patients were at greater risk of developing new-onset hypertension compared to
COVID-negative controls (HR=1.57, 95%CI [1.35-1.81]). Non-hospitalized COVID-positive patients were
not more likely to develop hypertension than COVID-negative controls (HR: 1.05 [0.98-1.13]). Hospitalized
COVID-positive patients were also at greater risk of developing new-onset hypertension compared to non-
hospitalized COVID-positive patients (HR: 1.42, 95%CI [1.24-1.63]).

For the non-hospitalized COVID-positive cohort, the results were then separated into two distinct time
periods: 1-month to 1.5-years after COVID, and 1.5-years to three years afterCOVID. Non-hospitalized patients
were not more likely to develop hypertension in the 1-month to 1.5-year time period (HR: 1.00, 95% CI [0.92-
1.10]), but they were more likely in the 1.5-3-year time period (HR: 1.14, 95% CI [1.01-1.28]) compared to
COVID-negative controls.

Table 2 shows the multivariate odds ratios for patients with new-onset hypertension at 3-yearfollow-up.
COVID-19 patients were more likely to develop new-onset hypertension compared to COVID-19 negative
controls (OR=1.76 [1.62-1.92]). Confounders included male (OR=1.22 [1.15-2.30]), older than 50 years old
(OR=2.39 [2.24-2.55]), Hispanic (OR=1.12 [1.01-1.24]) and those with greater comorbidities (ORs ranging
from 1.12 to 3.07).

COVID-Positive COVID-Negative
(N =64,250) (N =225,980)

No PMH of HTN
(N =42,900, 66.77%)

No PMH of HTN
(N =172,660, 76.40%)

3-Year Follow-Up

Hospitalized During
COovID
(N =5,550, 12.94%)

3-Year Follow-Up

Not Hospitalized
During COVID
(N = 37,350, 87.06)

3-Year Follow-Up

New Onset HTN
(N =12,030, 6.94%)

No New Onset HTN
(N =160,630, 93.03%)

New Onset HTN
(N =410, 9.93%)

No New Onset HTN
(N =5140, 92.61%)

New Onset HTN
(N = 1650, 4.66%)

No New Onset HTN
(N = 35,700, 95.58%)

Fig. 1. Flowchart of cohort selection.
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COVID-positive non-hospitalized

Demographics COVID-positive hospitalized (5,550) | (N=37,350) COVID-negative (172,660)
Age 50.4 423,744 36.5+22.4*%* 35.9+23.8

Male 3000 (54%)***"" 15,680 (42%)*** 72,810 (45%)

White race 3490 (63%)*+""" 19,510 (52%)*** 96,640 (56%)

Black race 390 (7%)"" 2040 (5%)*** 11,130 (6%)

Asian race 160 (3%) 1280 (3%)" 5890 (3%)

Unknown race 1500 (27%)*** 14,380 (39%)*+""" 59,040 (34%)

Non-hispanic 3720 (67%)***"" 22,200 (59%)*** 111,260 (64%)

Hispanic

1130 (20%)***"

6080 (16%)***

30,250 (18%)

Unknown ethnicity

700 (13%)*+*

9080 (24%)*** "

31,800 (18%)

Comorbidities

CAD 300 (5%)***"™ 990 (3%)*** 3190 (2%)
CHF 190 (3%)***""" 350 (1%)** 1300 (1%)
CKD 150 (3%)***"™" 360 (1%)*** 1100 (1%)
Diabetes 340 (6%)***"™ 1520 (4%)*** 4660 (2%)
COPD 200 (4%)*""" 460 (1%)** 1780 (1%)
Asthma 450 (8%) 4510 (12%)**"™" 14,320 (9%)
Obesity 550 (10%)*** 4350 (12%)*"™ 13,510 (8%)
Tobacco use 140 (3%)***"" 720 (2%)*** 2700 (2%)

Table 1. Patient demographics. *p <0.05, **p <0.01, and ***p <0.001 compared to COVID-19 negative
patients. A p<0.05, A p<0.01, and AA p<0.001 between hospitalized and non-hospitalized COVID-19
patients.
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Fig. 2. Cumulative incidences curves from 1 month - 3 years after COVID-19 for (a) Hospitalized COVID-
positive patients compared to matched COVID-negative patients and (b) non-hospitalized COVID-positive
patients compared to matched COVID-negative patients.

Discussion

This study evaluated the risk of new-onset hypertension up to 3 years post SARS-CoV-2 infection in 1.7 million
patients in the Stony Brook Medicine Healthcare System. This is the first study to report these findings at up
to 3-years post-infection follow-up. The main findings were: (1) 9.93% of hospitalized patients and 4.66%
of non-hospitalized patients developed new-onset hypertension after COVID-19 compared to 6.94% in
COVID-19 negative controls, (2) Hospitalized COVID-positive patients were more likely to develop new-onset
hypertension compared to propensity-matched COVID-negative patients (HR=1.57) and non-hospitalized
COVID-positive patients (HR: 1.42). (3) COVID-19 was one of the five greatest risk factors for developing new-
onset hypertension, along with obesity, age > 50, tobacco use, and insomnia.

A few studies have investigated new-onset hypertension after COVID-19. Zhang et al. analyzed 45,398
COVID-19 patients in the Montefiore Health System in the Bronx. They reported the incidence of new-
onset hypertension to be 20.6% and 10.85% in hospitalized and non-hospitalized patients, respectively, at
6-months follow-up®. Hospitalized patients with COVID-19 were 2.23 ([95% CI, 1.48-3.54]; P<0.001) times
and nonhospitalized patients with COVID-19 were 1.52 ([95% CI, 1.22-1.90]; P<0.01) times more likely to
develop new-onset hypertension than influenza counterparts with adjustment of confounders. Notably, the
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Odds ratio | 95% CI
COVID + 1.76 1.62-1.92
Age>50 2.39 2.24-2.55
Male 1.22 1.15-1.30
Black 0.99 0.87-1.13
Asian 1.01 0.84-1.22
Other race 0.87 0.81-0.93
Hispanic 1.12 1.01-1.24
CAD 1.68 1.54-1.83
HF 1.14 1.02-1.26
CKD 1.39 1.23-1.57
Diabetes 1.50 1.38-1.63
Obesity 3.07 2.86-3.31
Asthma 1.57 1.43-1.72
COPD 1.24 1.09-1.40
Tobaccouse | 1.95 1.67-2.26
Anxiety 1.74 1.30-2.10
Depression 1.48 1.36-1.61
Insomnia 1.77 1.56-2.01
Substance use | 1.32 1.23-1.43

Table 2. Multivariate odds ratios for new-onset hypertension between 1 month and 3 years follow up for all
COVID-positive and COVID-negative patients. Odds ratios represent the odds of patients with new onset
hypertension having any single characteristic compared to patients without new onset hypertension.

Montefiore cohort was predominantly Black and/or Hispanic patients and had a high prevalence of pre-existing
comorbidities. Our cohort was predominantly White, comparatively younger, and had a lower prevalence of
comorbidities. Despite these differences, we found similar risk factors for developing new-onset hypertension,
including age, male sex, and major preexisting comorbidities.

In a study of 168 COVID-19 patients, Akpek et al. found the incidence of new-onset hypertension to be 12%
at 30-day follow-up®. Delacic et al. report an incidence of 16% in 199 COVID-19 patients at 3-month follow-
up®. Vyas et al. report an incidence of 32.3% in 248 COVID-19 patients at 1-year follow-up®. In addition to
small sample sizes, lack of risk factor analysis, and a relatively short follow-up period, these studies do not have
COVID-negative controls nor statistical analyses for comparison. Azama et al. conducted a larger study of 5,355
COVID-19 patients and found an incidence of 17% at 1-year follow-up. This study was conducted at a cardiology
clinic, which likely had higher incidence. This study also did not use COVID-negative controls for comparison.
Nonetheless, they identified risk factors associated with elevated blood pressure including increased age and
comorbidities, which is consistent with our study. Lastly, Cohen et al. found COVID-19 patients>65 years
old to be more likely to experience hypertension compared to propensity-matched COVID-negative patients
(risk difference 4.43, 2.27-6.37) at 3-month follow-up®. They did not report the percent incidence. Generally,
the patients in the aforementioned studies were older and/or had a higher prevalence of comorbidities than
our cohorts, which may explain the elevated incidence rate relative to our study. Differences in experimental
design, patient profiles (i.e., age, race/ethnicity, and pre-existing comorbidities), comparison group, regional and
temporal differences in the severity of COVID-19 cases, duration of study (observation time), and other factors
could all have contributed to differences in findings. Studies of populations from more affected regions and
studies of the first few months of the pandemic likely have a higher outcome incidence.

Vaccination status may be an important protective factor against new onset hypertension. The COVID-19
vaccine has been shown to decrease the risk of repeat infection, and both acute and long-COVID cardiovascular
complications!®*3. In this study, while individual vaccination data was not available, Suffolk County reported
on May 2022 that 95% of adults received at least one vaccination dose and 87% of adults were fully vaccinated!*.
In contrast, an estimated 34% of people in the Bronx were vaccinated as of August 2022'%, which may explain,
in part, the difference in incidence between the two cohorts. It should be noted that the effect of individual
vaccination status is particularly difficult to assess with regards to the outcomes of this study. Vaccine status is not
reliably recorded across different health care systems, and administration can vary based on age, comorbidities,
and vaccine type (single vs. multiple shots).

The magnitude and the rate of cumulative incidence of new HTN in the hospitalized COVID-19 cohort
were markedly higher than those of COVID-negative controls in the first-year post-infection. By contrast, the
magnitude and the rate of cumulative incidence of new HTN in the nonhospitalized COVID-19 cohort were
similar to the COVID-negative cohort. These observations suggest that non-hospitalized COVID-19 patients
experience an initial indolent phase followed by a late onset of hypertension. Indeed, whereas a more severe
course of COVID-19 may lead to a relatively immediate diagnosis of hypertension, a less severe course of
COVID-19 may simply accelerate the progression of hypertension in patients who may already be at risk of
developing it.

Scientific Reports |

(2025) 15:28728 | https://doi.org/10.1038/s41598-025-14617-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Not surprisingly, patients with age over 50, male sex, and major comorbidities (CAD, HE, CKD, DM, obesity,
asthma, COPD, tobacco use) were found to be at higher risk of new-onset hypertension. Age is a well-known
risk factor for developing hypertension and has also been shown to be an independent predictor of COVID-19
severity!®!7. Sex differences in developing hypertension have been hypothesized to occur, in part, due to
differences in the influence of sex hormones on activating the renin-angiotensin-aldosterone system (RAAS)'S.
Likewise, this differential activation of the RAAS in males, coupled with the dysregulation of the RAAS by SARS-
CoV-2, may explain why males have a greater predisposition for increased COVID severity'. This increased
severity may lead to greater rates of hypertension in males post-COVID. Obesity was the greatest risk factor
for the development of new-onset hypertension, which is unsurprising considering obesity is a known cause
of hypertension®is linked to worse COVID-19 outcomes by several studies?!?* and is associated with every
other chronic comorbidity found to be a risk factor. Despite black race having a well-known association with
developing hypertension?*we did not find black race to be a significant risk factor for developing hypertension,
which may be due to the low proportion of black patients in our cohort. Moreover, the high socioeconomic
status of the area around Stony Brook Hospital (Suffolk County has the third highest median income, $141,671,
in New York State) may contribute to lower rates of hypertension in our cohort, regardless of race?>%.

COVID-19 status was the fifth-greatest risk factor for new-onset hypertension, greater than even well-
established risk factors such as CKD, and diabetes*”?8. This may be because very few patients in our study
population had these pre-existing comorbidities, thereby leading to underestimation of their association with
developing hypertension. Indeed, the absence of comorbidities in younger and healthier patients may make
COVID-19 a greater risk factor for new-onset hypertension in this population.

Mental health during the COVID-19 pandemic may also play an important role in the development of new-
onset hypertension. Prior studies show increased levels of anxiety, mood, substance abuse, and sleep disorders
among patients with COVID-19 compared to contemporary controls?. These conditions have been associated
with an increase in the subsequent diagnosis of new-onset hypertension”. Likewise, we found anxiety, depression,
insomnia, and substance use disorders to be independent risk factors for developing hypertension. Moreover,
certain antidepressant and antipsychotic medications are linked to an increased risk of hypertension. Dedicated
studies analyzing the relationship between COVID-19, psychiatric conditions, psychiatric medications, and
new-onset hypertension are necessary.

In addition to the effects of the SARS-CoV-2 infection, the social and economic stress imparted by the
COVID-19 pandemic lockdown may also contribute to the development of hypertension. The increase in
hypertension diagnoses and mean systolic/diastolic blood pressures®*2 after the COVID-19 pandemic cannot
be explained entirely by those infected by SARS-CoV-233. Instead, the increase in mental health and financial
stress, weight gain, decrease in physical activity, and limited access to healthcare®*-3¢ likely also play a significant
role in the development of hypertension.

Multiple COVID-19 infections may be another important risk factor for developing new onset hypertension.
A large national study using data from the US Department of Veteran Affairs found increased risk of death,
rehospitalization, and multi-organ system sequalae in patients with reinfection from COVID-19 compared to
those without reinfection at 6-month follow-up®. Notably, patients with reinfection were more likely to suffer
from cardiovascular disorders (HR=3.02, 95% CI=2.80-3.26) at follow-up. Moreover, other studies have
shown an increased risk of developing long-COVID in patients with multiple COVID-19 infections compared
to single-infection patients'®*!. As such, it reasons to believe that those with multiple COVID-19 infections
will likely have a greater degree of cardiovascular and multiorgan system insult, thereby increasing the risk of
developing hypertension.

Our cohorts are predominantly White, relatively young, with few comorbidities, and a high median income,
which may reduce the generalizability of our results. However, despite our homogenous cohorts, the risk factors
identified in this study, with the exception of race, are largely consistent with studies conducted in more diverse
and lower income populations®. Moreover, despite our study showing a significant increase in the incidence of
new onset hypertension after COVID-19, this is still likely an underestimation especially in more diverse and
lower income populations’. Indeed, the burden that new onset hypertension may impose on the healthcare
system is likely even greater than our study predicts, particularly in underserved populations where patients may
have more risk factors and/or reduced access to adequate healthcare.

The exact mechanism by which COVID-19 may cause new-onset hypertension is not known, though several
mechanisms have been proposed. One mechanism is via disruption of the RAAS system by the binding of SARS-
CoV-2 to the ACE2 receptor, thus, preventing the conversion of angiotensin II (vasoconstrictor) to angiotensin
[1-7] (vasodilator). This imbalance results in excess angiotensin II and leads to sustained vasoconstriction and
increased blood pressure. Another mechanism is the “cytokine storm” whereby COVID-19 triggers a systemic
inflammatory response resulting in irreversible damage to the vascular endothelium by cytokines such as IL-6
and TNF-a. This permanent damage to the blood vessels impairs their ability to relax, resulting in hypertension.
Lastly, it is possible that during the acute phase of SARS-CoV-2 infection, sympathetic activation, typical of a
viral illness, may persist beyond the acute phase of infection, or may even have some degree of delayed-onset.
Despite the resolution of COVID-19 symptoms, sympathetic tone may remain persistently elevated, resulting
in new-onset hypertension in the post-acute setting. Regardless of its exact mechanism, we found COVID-19
to be an independent risk factor for developing new-onset hypertension, even after matching for other major
comorbidities.

Diagnosing post-COVID hypertension may pose a unique challenge to healthcare providers. The onset of
hypertension can occur well beyond the acute COVID period and in relatively young and healthy patients,
making it difficult to determine an etiology. We urge healthcare providers not to dismiss new-onset hypertension
in COVID-19 patients as white coat hypertension, and to instead conduct a holistic workup with a particular
emphasis on patients’ mental and psychiatric health as well as new-onset comorbidities. This study also highlights
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the need for close long-term follow-up and blood pressure monitoring in COVID-19 patients. Implementing
post-COVID blood pressure screening programs may be beneficial, especially in populations/communities with
predisposing risk factors.

There are a few limitations to this study. First, this is a single center study, although there were 1.7 million
patients within the Stony Brook Healthcare System. Our cohort was predominantly White, relatively young,
with low rate of comorbidities, and a high median income which may reduce the generalizability of our results.
Furthermore, our analysis was limited to patients who were tested for COVID-19 exclusively within the Stony
Brook Healthcare System and returned. Consequently, it does not encompass patients who tested positive at
other healthcare systems, with at-home COVID-19 test kits, or experienced mild symptoms and were not
tested. We did not study outcomes concerning COVID-19 vaccination status because many patients may have
received the vaccine elsewhere. Moreover, there may be patients in either cohort with white coat hypertension or,
conversely, those with masked hypertension. Hospitalized patients may be screened sooner and more frequently
after COVID-19, possibly contributing to an earlier and higher incidence of outcomes. As is the case with any
retrospective cohort study, the outcomes of this study may be affected by confounders that were not accounted
for.

Analysis with respect to hypertension severity is important. However, our study is limited to the use of ICD
10 codes available on the TriNetX platform which does not include grades of hypertension, isolated systolic
hypertension, isolated diastolic hypertension, or masked hypertension. We explored the possibility of using blood
pressure readings to define the severity of hypertension, but this proved to have many confounders (concurrent
use of blood pressure medications, blood pressure readings during hospitalizations, white coat hypertension)
making the data difficult to interpret.

In conclusion, this study reports an increased incidence of new-onset hypertension in both hospitalized and
non-hospitalized COVID-19 patients compared to propensity-matched COVID-negative contemporary controls
up to 3 years post-index date. COVID-19 was found to be a major independent risk factor for the development of
new-onset hypertension, comparable to other known risk factors for hypertension. These findings highlight the
need for close long-term follow-up, holistic workups, and vigilant blood pressure screening and/or monitoring
for at-risk COVID-19 patients.

Methods

This retrospective cohort study was conducted on the TriNetX*? research platform using de-identified Electronic
Medical Record data from over 1.7 million patients from January 2020 to October 2024 in the Stony Brook
University Healthcare Network. TriNetX is a global web-based platform that allows researchers to identify
and characterize patient cohorts and analyze outcomes. Broadly, the data includes demographics, diagnoses
(based on International Classification of Diseases, 10th Revision, Clinical Modification codes), procedures
(based primarily on International Classification of Diseases, 10th Revision, Procedure Coding System, Current
Procedural Terminology, Healthcare Common Procedure Coding System, and Systemized Nomenclature
of Medicine codes), medications (based on Veteran Affairs and Anatomical Therapeutic Chemical codes),
laboratory values (based on Logical Observation Identifiers, Names, and Codes or curated separately by
TriNetX), and genomics data.

With one of the largest global COVID-19 datasets, multiple studies have used TriNetX to study the outcomes
of COVID-19**%, Details regarding the data extraction, transformation, and validation performed by TriNetX
have been published*®. Other external validation studies have also confirmed the reliability of TriNetX in
analyzing large-scale data?’.

Due to the study’s retrospective nature, the Stony Brook University Institutional Review Board waived the
need to obtain informed consent. The data reviewed is a secondary analysis of existing data, does not involve
intervention or interaction with human subjects, and is de-identified per the de-identification standard defined
in Section § 164.514(a) of the HIPAA Privacy Rule. The process of de-identifying data is attested to through a
formal determination by a qualified expert as defined in Section § 164.514(b)(1) of the HIPAA Privacy Rule.
This formal determination by a qualified expert was updated in December 2020. All methods were conducted in
accordance with TriNetX guidelines and regulations. All experimental protocols received approval from Stony
Brook University.

We queried the Stony Brook TriNetX database from January 2020 to October 2024 for patients with
COVID-19 and without COVID-19 who did not have a pre-existing diagnosis of hypertension (assessed on
October 10, 2024). Details regarding the search query, identification codes, and inclusion/exclusion criteria can
be found in the supplemental materials (Supplemental Tables 1 and Supplemental Table 2). Briefly, COVID-19
was defined as a positive SARS-CoV-2 PCR test. COVID-negative patients were defined as those with a negative
SARS-CoV-2 PCR test who never had a subsequent positive SARS-COV-2 PCR test. Essential hypertension
was defined using the ICD code 110. The COVID-positive cohort was then subdivided into those who were
hospitalized during the time of their COVID infection and those who were not. These cohorts were then 1:1
propensity-matched with the COVID-negative cohort before analyzing outcomes.

The follow-up period for this study was between 1 month and 3 years after COVID-19. The primary outcome
was a new diagnosis of hypertension based on the ICD-10 code. Cumulative incidence was obtained by assessing
the number of outcomes monthly. All outcomes in this study were categorical.

Statistical analyses were performed directly on the TriNetX platform, which, for this study, used R 4.0.2
software. All variables in this study were categorical and expressed a frequency or percentage of the total cohort,
except age, which was expressed as mean +standard deviation. Patients who met the inclusion criteria were
1:1 propensity matched with controls for age, race, sex, ethnicity, and comorbidities including congestive
heart failure (CHF), coronary artery disease (CAD), diabetes, chronic kidney disease (CKD), asthma, chronic
obstructive pulmonary disease (COPD), obesity, and tobacco use before analyzing outcomes. Propensity score—
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representing the probability of the experimental group—was estimated for each subject using logistic regression
based on the observed covariates. Individuals in the experimental group were 1:1 matched with those in the
control group who had similar propensity scores, creating comparable groups for outcome analysis. Matching was
done between any two cohorts that were being directly compared. Hazard ratios (HR) and confidence intervals
(CI) were generated by the TriNetX platform for all outcomes. Multivariate odds ratios (OR) and their 95%
confidence intervals were calculated using Microsoft Excel.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
request.
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