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Abstract

Background While the augmented incidence of diabetes after COVID-19 has been widely confirmed, controversial
results are available on the risk of developing hypertension during the COVID-19 pandemic.

Methods We designed a longitudinal cohort study to analyze a closed cohort followed up over a 7-year period, i.e,,
3 years before and 3 years during the COVID-19 pandemic, and during 2023, when the pandemic was declared to be
over. We analyzed medical records of more than 200,000 adults obtained from a cooperative of primary physicians
from January 1, 2017, to December 31, 2023. The main outcome was the new diagnosis of hypertension.

Results We evaluated 202,163 individuals in the pre-pandemic years and 190,743 in the pandemic years, totaling
206,857 when including 2023 data. The incidence rate of new hypertension was 2.11 (95% C.I. 2.08-2.15) per 100
person-years in the years 2017-2019, increasing to 5.20 (95% C.. 5.14-5.26) in the period 2020-2022 (RR=2.46),
and to 6.76 (95% C.I. 6.64-6.88) in 2023. The marked difference in trends between the first and the two succes-
sive observation periods was substantiated by the fitted regression lines of two Poisson models conducted

on the monthly log-incidence of hypertension.

Conclusions We detected a significant increase in new-onset hypertension during the COVID-19 pandemic, which
at the end of the observation period affected ~ 20% of the studied cohort, a percentage higher than the diagnosis
of COVID-19 infection within the same time frame. This observation suggests that increased attention to hyperten-
sion screening should not be limited to individuals who are aware of having contracted the infection but should be
extended to the entire population.
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Background

After the initial observation by Xie and colleagues [1]
that COVID-19 is associated with an increase in car-
diovascular disorders, numerous clinical studies and
meta-analyses have confirmed an augmented incidence
of acute coronary syndromes, myocarditis, pericarditis,
heart failure, and arrhythmias [2-8]. Equally important,
an increase in the onset of new diabetes and hyperten-
sion has been documented [9]. While the augmented
incidence of new-onset diabetes after COVID-19 has
been thoroughly investigated and confirmed by numer-
ous studies [10-15], less information is available regard-
ing the risk of developing hypertension during the
COVID-19 pandemic.

A retrospective study conducted by Tim Duong and
collaborators [16] on patients with COVID-19 and
patients with influenza has recently shown that after
6 months of observation, the incidence of new hyper-
tension was detected in 20.6% of COVID-19 patients
who had been hospitalized and in 10.85% of COVID-19
patients who did not require hospitalization [16]. The
authors concluded that the risk of developing hyperten-
sion in these patients is more than double compared to
patients hospitalized for influenza and 50% higher than
the risk of patients with influenza who were not hospital-
ized [16]. In light of these results, the authors suggested
the need for careful screening of patients who have con-
tracted COVID-19 to limit both the health consequences
for patients and healthcare costs.

However, these findings seem to be in contrast with
another study that aimed at defining the risk of develop-
ing cardiovascular, neurological, psychiatric, or autoim-
mune diseases in 26,499 adults who survived COVID-19
hospitalization [17]. This study has shown that after a
longer follow-up (1 year), the only condition that pre-
sents an increased risk, compared to patients hospitalized
for influenza or for sepsis, is venous thromboembolism,
while there are no differences for all the other consid-
ered pathologies, including hypertension [17]. Hence,
the authors conclude that the so-called post-COVID-19
sequelae should be essentially attributed to the severity
of the disease induced by the virus and not to the virus
itself.

Since the above-mentioned studies had different
follow-up periods (6 months vs. 12 months), a possi-
ble hypothesis to account for the discrepancy between
the results of these two investigations could be that
the increased risk of developing hypertension after
COVID-19 diminishes over time, so that at the 1-year
follow-up such risk is no longer different from the one
induced by other types of infections. In order to clar-
ify this issue and reconcile these apparently conflict-
ing observations, we have analyzed the incidence of
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new hypertension in the general population, examin-
ing the phenomenon in the 3 years before COVID-19
(i.e., 2017-2019), in the 3 years in which the pandemic
developed (i.e., 2020—-2022), and in 2023, when the pan-
demic was declared to be over [18].

Notably, the data currently available in the literature
merely refer to comparisons between groups of patients
who certainly had a positive SARS-CoV-2 test vs. indi-
viduals with similar demographic characteristics who
did not have COVID-19, thus assessing the effects of
the long-term individual COVID-19 infection (post-
acute sequelae) [19]. However, it should be considered
that the attenuation of the severity of COVID-19 symp-
toms and the possibility of autonomously performing
less-sensitive tests has resulted in some COVID-19
infections not being diagnosed [20, 21], making the
evaluation of this complex phenomenon, and conse-
quently its aftermaths on the public health organiza-
tions of different countries, less reliable.

In the present study, we specifically analyzed the
impact of the pandemic on the incidence of new-onset
hypertension in a population of individuals residing in
the city of Naples in Southern Italy, followed by their
primary care physicians from 2017 to 2023. We per-
formed a cohort study assessing the incidence of new
hypertension, based on the diagnosis of hypertension
and the prescription of antihypertensive therapy, using
an interrupted time series (ITS) approach to compare
the 3-year period before the COVID-19 pandemic (i.e.,
2017-2019) to a period of the same time length during
the pandemic (i.e., 2020-2022), and to the year 2023.

To test the hypothesis that hypertension appearing
after COVID-19 infection may be temporary and not per-
sistent, we also evaluated the duration of prescriptions of
antihypertensive medications in individuals with newly
developed hypertension comparing the first and the
second triennium. To rule out that the potential shorter
duration in the second triennium (i.e., 2020-2022) was
due to contingent reasons rather than the loss or dis-
appearance of elevated blood pressure values, we also
compared the duration of antihypertensive medication
prescriptions during the two study periods for hyperten-
sive individuals already present on January 1, 2017.

Methods

Study design

In this longitudinal cohort study, we harnessed data
obtained from COMEGEN (COoperativa di MEdicina-
GENerale: General Medicine Cooperative), an association
of primary physicians in Naples (Local Health Authority
of the Italian Ministry of Health, ASL Napoli 1 Centro)
[22]. Founded in 1997, COMEGEN today includes 140
physicians who are all connected in an online network
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and implement the same computerized medical record
software, creating a unique database containing medi-
cal records of more than 200,000 adult patients. These
records are updated daily by these physicians, who
upload all data concerning their outpatient activities. Of
note, the territorial distribution of individuals assisted
by these primary physicians is similar to the one of the
city population recorded by the Italian National Insti-
tute of Statistics (ISTAT), with no differences in terms
of geographic area or aggregation by age [22, 23]. The
COMEGEN database collects diagnoses according to
the International Classification of Diseases 10 (ICD-X)
recorded by primary care providers, also using stand-
ardized codes for all prescribed diagnostic assessments.
Pharmaceutical prescriptions are recorded with the date,
commercial name, and active ingredients, alongside the
quantities and methods of administration. Additionally,
the database includes information on vital parameters,
weight, height, BMI, waist circumference, chronic condi-
tions, medical visits, hospitalizations, emergency depart-
ment visits, prescription drug dispensations, testing and
vaccinations (including for COVID-19), date, and cause
of death. All these precious pieces of information allow
for real-time provision of data related to the management
of patients in terms of processes and outcomes, use of
drugs, diagnostic investigations, and the complexity and
comorbidities of the assisted population [23]. Moreover,
an accurate evaluation of person-time is crucial for cal-
culating incidence rates and the COMEGEN allows such
assessment, by specifying when each individual has been
entered in the database and started contributing data to
the cohort, as well as the dates of death, end of follow-up,
and end of observation.

We collected data from January 1, 2017, to Decem-
ber 31, 2023. The COMEGEN database provided demo-
graphic and clinical data. Laboratory measurements and
medication data were available, as well. Information on
COVID-19 was obtained from the COVID-19 shared
data resource of the Campania Region. This cohort study
followed the “Strengthening the Reporting of Observa-
tional Studies in Epidemiology” (STROBE) reporting
guidelines. The Ethics Board at the “ASL Napoli 1 Centro”
reviewed and approved this study and granted a waiver of
informed consent.

The exposure was the beginning of the COVID-19
pandemic and the primary outcome was newly diag-
nosed hypertension. At the beginning of the 7-year
observation period, we removed from the two study
cohorts all individuals with a record of systolic blood
pressure>140 mmHg and/or diastolic blood pres-
sure>90 mmHg, or a previous diagnosis of hyperten-
sion as defined by the ICD-10 (code I-10), or prescription
record of anti-hypertensive medications for more than
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30 days. We performed a single cohort study assessing
the incidence of hypertension using an ITS approach
with the same population followed for 3 years before and
3 years during the COVID-19 pandemic and 1 year when
the pandemic was declared over. Only individuals whose
information about hypertension history and in which
demographic and clinical data were entirely available for
the 7 years were included in the study. The diagnoses of
other disorders, including hypercholesterolemia, hyper-
triglyceridemia, cancer, and chronic obstructive pulmo-
nary disease, were made using ICD-10 codes.

The duration of prescriptions of antihypertensive
medications in newly developed hypertension in the first
and second triennium was computed considering the
time elapsed between the diagnosis of hypertension and
the last prescription of medications recorded. For both
observation periods, when the last recorded prescription
was obtained later than the end of the considered trien-
nium, the individual was considered under medication
for the whole 3-year period. To account for the fact that
the prescription included 30 days of medication, indi-
viduals were considered as still under medication until
30 days after the last prescription was recorded.

Statistical analysis

Continuous variables were summarized using mean (and
standard deviation) and with median and interquartile
range (IQR). Normality was evaluated with the Kolmog-
orov—Smirnov and with the visual inspection of density
plots. New onset hypertension was reported as incidence
per 100 person-years.

An ITS analysis on the period between January 2017
and December 2022 was performed to investigate poten-
tial changes in the trend of hypertension incidence in
the pandemic years using an Autoregressive Integrated
Moving Average (ARIMA) model. Our hypothesis was
that exposure to COVID-19 over time could lead to a
consistent increase in the incidence trend (ramp term)
without significant short-term changes (step term). Sta-
tionarity was assessed using the augmented Dickey-
Fuller test. Values of p (autoregressive order), d (degree
of differencing), and ¢ (moving average order) for the
ARIMA model to reduce the impact of autocorrelation
were selected comparing the models’ performances eval-
uated with the Akaike Information Criterion (AIC). To
calculate the difference in the incidence trends between
the pre-pandemic years (January 1, 2017, up to Decem-
ber 31, 2019) and the pandemic years (January 1, 2020,
up to December 31, 2022) two separate log-linear mod-
els (Poisson regression models) were fitted, assuming a
linear relationship between the log-incidence rate and
time. The goodness-of-fit was evaluated by inspecting the
residual plot and the qq plot to assess the normality of
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the residuals. In order to investigate whether the identi-
fied trend remained stable after the pandemic, we fitted
the ITS model and the log-linear models on the period
between January 2017 and December 2023, thus includ-
ing data from 2023, when the pandemic was declared
over.

The difference in the duration of the medical prescrip-
tion between the group of individuals diagnosed with
hypertension in 2017-2019 or in 2020-2022 was evalu-
ated with the Wilcoxon rank sum test. For model esti-
mates, 95% confidence intervals were also reported.
Analyses were performed using the statistical software R,
version 4.3.0. A two-tailed p < 0.05 was considered signifi-
cant for all analyses.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. R.I, D.P,, and B.T. had access to the dataset;
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G.S. and B.T. had final responsibility for the decision to
submit for publication. All authors vouch for the com-
pleteness and accuracy of the data.

Results

From January 1, 2017, to December 31, 2022, a total
of 244,295 individuals were observed (Fig. 1); 25,931
patients had a positive test for COVID-19 between
April 1, 2020, and December 31, 2022. The main demo-
graphic and health characteristics of our study cohort are
reported in Table 1.

The absolute count of new diagnoses of hyperten-
sion in the whole observation period (2017-2022) was
42,343, with 12,820 new diagnoses in the period before
the pandemic (2017-2019), 29,523 new diagnoses during
the pandemic (2020-2022), and 11,366 new diagnoses in
2023 alone. The incidence rate of new hypertension was
2.11 (95% C.I. 2.08-2.15) per 100 person-years in the
years 2017-2019, increasing to 5.20 (95% C.I. 5.14-5.26)

244295
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Data available from year 2023:
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Fig. 1 Flow chart of the study
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Table 1 Demographic characteristics of the total cohort. Data
presented as mean (SD) and confidence interval for continuous
variables and as absolute frequency (percentage) for categorical
variables

Variable N=202,163 95% CI
Age (years) 47.7 (20) 477,478
Glycemia (mg/dl) 91.7 (14) 915,918
Hb1AC (%) 6.04 (0.82) 6.03,6.05
Sex

F 108,062 (54%) 53%, 54%

M 93,530 (46%) 46%, 47%
Current or former smoking

NO 41,705 (71%) 71%, 72%

YES 16,650 (29%) 28%, 29%
BMI (kg/m?) 27.2(1853) 26,29
Creatinine (mg/dl) 0.853(0.19) 0.851,0.855
ALT (mU/ml) 19.9 (8) 199,20
AST (mU/ml) 20.2 (6) 20.1,20.2
Cancer

NO 167,163 (82.7%) 82.5%, 82.9%

YES 35,000 (17.3%) 17.1%, 17.5%
COPD

NO 197,551 (97.7%) 97.7%, 97.8%

YES 4612 (2.3%) 2.2%, 2.3%
Hypercholesterolemia

NO 183,161 (90.6%) 90%, 91%

YES 19,002 (9.4%) 9.3%, 9.5%
Hypertriglyceridemia

NO 200,266 (99.1%) 99.0%, 99.1%

YES 1897 (0.9%) 0.90%, 0.98%
COVID-19

NO 176,232 (87.2%) 87.0%, 87.3%

YES 25,931 (12.8%) 12.7%, 13%

in the period 2020-2022 (RR=2.46) and to 6.76 (95%
C.I 6.64-6.88) in 2023. Table 2 reports the character-
istics of individuals diagnosed with new hypertension
in the period 2017-2019 and in the period 2020-2022,
while the data reported in Table 3 and Additional file 1
(Figures S1-3) show the results of stratification analy-
sis by age (<65 or>65 years old), sex, and cancer. These
latter analyses suggest that the increase in new-onset
hypertension during the pandemic was detectable in
the whole population but it was more marked in sub-
jects aged>65 years and in those without cancer. The
ITS model conducted on the data revealed the best per-
formance and minimized autocorrelation with ARIMA
values p=0, d=0, g=2. Figure 2 displays the regres-
sion line of the observed data against the counterfactual
line. The coefficients estimated with the ITS model evi-
denced a significant effect of time during the pandemic
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on the incidence trend of hypertension, with a signifi-
cant change in the slope during the three pandemic years
(“ramp term” coefficient b=19.71, p=0.031). The effect
of time before the pandemic was not significant (overall
time effect coefficient 5=0.07, p=0.990), indicating that
the trend of the incidence of hypertension was stable
before the beginning of the pandemic. While the effect
of the pandemic over time was observed, there was no
immediate change in the incidence of hypertension at the
beginning of the pandemic period, as hypothesized (“step
term” coefficient 103.01, p=0.538).

The marked difference in trends between the two
observation periods is substantiated by the fitted regres-
sion lines of the two Poisson models conducted on the
monthly log-incidence of hypertension (Fig. 3). In the
pre-pandemic period, in line with the results of the ITS
analysis, the slope of the trend of the estimated monthly
incidence rate was not significant (0.005, 95% C.I. — 0.003,
0.014) whereas in the pandemic period it was signifi-
cantly positive (0.030; 95% C.I. 0.017, 0.042).

The additional confirmatory ITS model conducted on
the period 2017-2023 displayed in Fig. 4 shows consist-
ent results and again a significant “ramp term” coefficient
(ARIMA values p=0, d=0, g=1, “ramp term” coefficient
b=12.60, p=0.048, overall time effect coefficient b=1.41,
p=0.785, “step term” coeflicient 128.16, p =0.355), while
the log-linear model conducted on the period 2020-2023
shows a slope with a still significantly increasing trend
(0.027, 95% C.I. 0.018-0.037) (Fig. 5).

The distributions of the days covered by medical pre-
scription in the observation period for the individuals
diagnosed with hypertension during the pre-pandemic
years and during the pandemic years are depicted in
Fig. 6. To compare the two distributions, we have com-
puted the proportion between the number of days cov-
ered by anti-hypertensive medical prescription over
the total time elapsed between the diagnosis of hyper-
tension and the end of the 3-year observation period.
To account for the fact that the prescription included
30 days of medication, individuals were considered as
still under medication until 30 days after the last pre-
scription was recorded. The proportion of days under
medical prescription (measured as the absolute num-
ber of days under prescription over the total number of
days from the diagnosis until the end of the observation
period) in the group diagnosed before the pandemic
was significantly higher (p<0.001) than in the group
diagnosed in the years during the pandemic as shown
in Fig. 7 (3-year pre-pandemic period mean 0.92, S.D.
0.24; median 1.00, IQR 0.00 vs. 3-year pandemic period
mean 0.83, S.D. 0.28; median 0.99; IQR 0.20). The num-
ber of patients with 100% prescription coverage in
the group diagnosed in the pre-pandemic triennium
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Table 2 Demographic characteristics of individuals diagnosed with hypertension in the period 2017-2019 and in the period 2020-
2022. Data presented as mean (SD) and confidence interval for continuous variables and as absolute frequency (percentage) for
categorical variables

Variable 2017-2019N=12,820 95% Cl 2020-2022 N=29,523 95% Cl
Age (years) 66 (14) 65.9,66.4 66 (14) 66, 67
Glycemia (mg/dl) 97 (15) 96, 97 98 (15) 97,98
Hb1AC (%) 6.17 (0.77) 6.1,6.2 6.23 (0.78) 62,63
Sex

F 6830 (53%) 52%, 54% 16,078 (54%) 54%, 55%

M 5978 (47%) 46%, 48% 13,435 (46%) 45%, 46%
Current or former smoking

NO 4924 (73%) 71%, 74% 6496 (73%) 72%, 74%

YES 1867 (27%) 26%, 29% 2388 (27%) 26%, 28%
BMI (kg/mz) 26.6 (3.7) 26,27 26.5(3.5) 26,27
Creatinine (mg/dl) 0.89(0.20) 0.89,0.90 0.90 (0.21) 0.90, 091
ALT (mU/ml) 20(8) 20,21 20(8) 200,204
AST (mU/ml) 21(6) 20,21 20 (6) 20, 21
Cancer

NO 8987 (70%) 69%, 71% 23,470 (79%) 79%, 80%

YES 3833 (30%) 29%, 31% 6053 (21%) 20%, 21%
COPD

NO 12,072 (94.2%) 94%, 95% 27,504 (93.2%) 92.9%, 93.4%

YES 748 (5.8%) 5.4%, 6.3% 2019 (6.8%) 6.6%, 7.1%
Hypercholesterolemia

NO 9812 (77%) 76%, 77% 23,224 (79%) 78%, 79%

YES 3008 (23%) 23%, 24% 6299 (21%) 21%, 22%
Hypertriglyceridemia

NO 12,433 (97%) 96.7%, 97.3% 28,976 (98.1%) 98.0%, 98.3%

YES 387 (3%) 2.7%, 3.3% 547 (1.9%) 1.7%, 2.0%
COVID-19

NO 26,019 (88%) 87.8%, 88.5%

YES 3504 (12%) 11.5%, 12.2%

Table 3 Incidence of new-onset hypertension per 100 person-years by sex, age group, and cancer

Incidence per 100 person-years in Incidence per 100 person-years in Relative risk 2020-2022 vs p-value

2017-2019 (95% C.1.) 2020-2022 (95% C.1.) 2017-2019 (95% C.1.)
Male 2.16(2.10,2.21) 456 (4.48,4.63) 2.11(2.05,2.18) <0.001
Female 2.13(2.08,2.18) 1(5.23,5.39) 249 (2.42,2.56) <0.001
Age <65 1.26 (1.23,1.29) 281 (2.77, 2.86) 2.23(2.17,2.30) <0.001
Age =65 543 (5.30, 555) 15.50(15.28,15.71) 2.85(2.78,2.93) <0.001
Cancer: yes 370 (3 59, 3. 82) 6.50 (6.34, 6.66) 1.76 (1.69,1.82) <0.001
Cancer: no 1.81(1.77,1.85) 496 (4.90,5.02) 2.74(2.67,2.80) <0.001

was 9656 out of 11,095 (87%) while only 10,726 out of
23,680 (45%) of those diagnosed during the pandemic
years were covered for the whole period after diagnosis.

Furthermore, we measured the proportion of days
under medical prescription in the two periods for the
37,048 patients with a diagnosis of hypertension obtained

before January 1, 2017. Even in this cohort, as shown in
Fig. 7, the proportion of days under coverage was sig-
nificantly higher (p <0.001) in the 3 years before the pan-
demic (mean 0.95, S.D. 0.15; median 1.00, IQR 0.00) than
in the 3 years during the COVID-19 pandemic (mean
0.77, S.D. 0.36, median 0.99, IQR 0.34). The number
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Fig. 2 Interrupted time series (ITS) approach comparing the incidence of a new diagnosis of hypertension in the 3-year period before the COVID-19
pandemic (i.e, 2017-2019) to the 3 years during the COVID-19 pandemic (i.e, 2020-2022). The blue line represents the observed incidence
with 95% confidence bands; the red dashed line represents the counterfactual line with 95% confidence bands

of patients with 100% prescription coverage in the pre-
pandemic years was 32,507 (88%) while it decreased to
14,841 (40%) in the pandemic years.

Discussion

To the best of our knowledge, the present study is the
first to be performed on a large sample of the general
population and not on databases of hospitals or outpa-
tient clinics. Indeed, in Italy, all citizens have a primary
care physician (family doctor) who follows them even
if they do not have specific pathologies. Therefore, the
database that we used includes not only patients with
known illnesses but also individuals who do not have any
disease (or at least are not aware of it). This situation cur-
rently applies to COVID-19 infection since the attenua-
tion of symptoms and the lack of meticulous tracking of
the infection have resulted in many individuals contract-
ing the disease without being aware of it, or not report-
ing this condition to the health authorities. Indeed,
observational retrospective studies cannot fully clarify
the pathophysiological mechanisms of diseases but can
define the social and economic burden they impose on
the population. From this perspective, studies involving
large populations are preferred over those conducted

on hospitalized or outpatient individuals, whose results
must be then extrapolated to the entire population.

Our results clearly demonstrate that COVID-19 pan-
demic is accompanied by a significant increase in the
incidence of new permanent hypertension, with data
even more alarming than those published by Duong and
collaborators [16]: while these authors reported a maxi-
mum peak of 20.6% in patients hospitalized for COVID-
19 and 10.85% in outpatients, which then had stabilized
to~10%, in our study the incidence of new hyperten-
sion continued to increase over the course of the 3 years
of the pandemic. At the end of the observation period,
it affected approximately 15% of our population, above
all in subjects 65 years old and in those without a can-
cer diagnosis, a finding that was still evident in 2023.
This observation is pivotal from an epidemiological per-
spective because it implies that increased attention to
hypertension screening should be extended to the entire
population instead of being limited to those who are
aware of having contracted the SARS-CoV-2 infection.

The fact that we actually detected permanent hyper-
tension is documented not only by the incidence of the
diagnosis of hypertension according to the /CD-X I-10
code but also by the assessment of antihypertensive
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Fig. 3 Monthly incidence of hypertension in the complete cohort during the 6-year observation period (2017-2022) and linear regression lines
estimated with the two log-linear models fitted on each time period. Dashed lines represent the 95% confidence interval

medication prescriptions. In fact, the decline in the per-
centage of therapeutic coverage in patients with a new
diagnosis of hypertension during the pandemic com-
pared to those in the pre-pandemic period is very simi-
lar to what is observed during the two study periods in
patients with hypertension diagnosed before January 1,
2017, indicating that this phenomenon is due to environ-
mental contingencies during the pandemic period rather
than to the attenuation or disappearance of elevated
blood pressure. Lastly, the observation that the increased
incidence of new-onset hypertension was still detectable
in 2023 is not surprising since the virus circulation was still
high, so a new vaccination campaign was undertaken [18].

A major strength of our study is given by having access
to data on the general population in the years before
the pandemic and during the pandemic. Thus, we used
an ITS approach on a single cohort with the only vari-
ation being the appearance of the pandemic in the sec-
ond 3-year of follow-up (2020-2022) compared to the
first period of observation (2017-1019) to analyze the
impact of the pandemic in a broader force on the risk of
developing arterial hypertension. When performing the

“before vs. after” comparison, we also considered that the
difference in the incidence of new-onset hypertension
between the two periods can be multifactorial. First, we
took into account the time effect, as an increased trend
of hypertension incidence over time could have been
expected even before the COVID-19 pandemic, espe-
cially with a relatively long follow-up period. However,
the stable incidence during the first 3 years of observa-
tion and the sharp increase in the monthly incidence of
new hypertension during the second half of the follow-
up period makes this hypothesis unlikely. Secondly, with
this approach, we also managed to overcome poten-
tial issues of lack of awareness of the disease, which has
been a crucial limitation in previous studies due to the
impossibility of ensuring that the control group was truly
infection-free [24—27]. Moreover, the long study period
may allow the possibility to generalize our findings to the
immunity and viral characteristics of the current popu-
lation, as it includes the evolution of viral strains, wide-
spread SARS-CoV-2 reinfections, or administration of
more than 2 doses of COVID-19 vaccines. Nevertheless,
the observation of an increase in incident new persistent
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Fig. 4 Interrupted time series (ITS) approach comparing the incidence of a new diagnosis of hypertension in the 3-year period before the COVID-19
pandemic (i.e, 2017-2019) to the 3 years during the COVID-19 pandemic (i.e, 2020-2022) and including the year 2023, when the pandemic
was declared over. The blue line represents the observed incidence with 95% confidence bands; the red dashed line represents the counterfactual

line with 95% confidence bands

hypertension in the Campania Region, where the percent
of people who were partially or fully vaccinated against
COVID-19 has been very high [28], makes our findings
particularly relevant by suggesting that the increased
cardiovascular risk associated with COVID-19 might be
extended for years and not limited to the acute phase of
the infection.

Our study is not exempt from limitations. First, we can-
not rule out that the larger increase in the incidence of
new persistent hypertension recorded in our study dur-
ing the COVID-19 pandemic may also include the effects
of influenza infection on this parameter [13, 14]. How-
ever, this possibility does not modify the relevance of
our conclusions since, by encompassing the entire years
of follow-up, we can assume that the role of influenza
in determining hypertension should be at least constant
in the two periods, if not lower in the second triennium
due to the use of masks and other measures implemented
during the pandemic, which limited the incidence of
influenza infection [29, 30]. Second, we acknowledge that
our results do not allow any speculation on the patho-
physiologic mechanisms underlying the increased rate

of incident hypertension in the pandemic period, which
could include direct effects of SARS-CoV-2 infection on
endothelial cells, and indirect effects like stress, changes
in diet and exercise and in cardiovascular prevention
strategies, and access to health system during pandemic;
other possibilities include persistent activation of RAAS
and endothelial injury which have been reported among
patients with COVID-19 and both are associated with
blood pressure elevation [31-34]. Besides, consequences
of severe COVID-19 including systemic hypoxia, acute
respiratory distress, hyper-coagulation, sepsis, inflamma-
tion, metabolic stress, and cytokine storm may stress the
cardiovascular system, eventually leading to blood pres-
sure dysregulation [35-38]. Finally, the pandemic itself,
but not necessarily the infection, might raise blood pres-
sure via increased stress as a consequence of dramatic
changes in health strategies, lifestyle, and economic sta-
tus [39—47]. The pandemic crisis has caused great unrest
in society and unprecedented changes in lifestyle, work,
and social interactions [48]. The implementation of poli-
cies such as social distancing and the closure of gather-
ing and interaction centers such as parks, cafes, schools,
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Fig. 6 Density plots showing the frequency density of the absolute number of days covered by prescription in the subgroup of individuals
diagnosed with hypertension in the 3 years before the pandemic (2017-2019: orange curve) and in the subgroup of individuals diagnosed
in the 3 years during the pandemic (2020-2022: purple curve). Dashed lines represent the means for each group
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diagnosed with hypertension in the 3 years before the pandemic (2017-2019: orange curve) and in the subgroup of individuals diagnosed

in the 3 years during the pandemic (2020-2022: purple curve). Dashed lines represent the means for each group

universities, etc., has had certain social consequences
[49]. The adoption of smart work modalities by many
industries and institutions may have exerted deleterious
effect on health outcomes according to the results of a
recently published paper which has demonstrated that
after adjusting for sex, age, education, smoking, drink-
ing, and body mass index, individuals who mostly sat
at work had a 16% higher all-cause mortality risk, and
a 34% increased mortality risk from cardiovascular dis-
ease compared with those who were mostly non-sitting at
work [50], although the prevalence of arterial hyperten-
sion remained unchanged.

However, defining the exact mechanisms is beyond the
scope of this epidemiologic study. Third, we trust that
the positivity reported in our sample is greatly underesti-
mated compared to the prevalence measured in the Cam-
pania Region, where Naples is located, since there have
been more than 2.4 million cases of COVID-19 in the
3 years of the pandemic, and the total population of the
Campania Region is between approximately 6 million.
Consequently, since the proportion of individuals with a
history of COVID-19 positivity is largely underreported
in our dataset, we decided not to include this information
in the model as this strategy would have introduced bias.

Conclusions

We observed a significantly augmented incidence rate of
new hypertension in the period 2020-2022 compared to
the triennium 2017-2019, increasing from 2.11 to 5.2%
(RR=2.46). The difference in trends between the two
periods was corroborated by the fitted regression lines
of two Poisson models conducted on the monthly log-
incidence of hypertension. In the pre-COVID-19 period,
fully in line with the results of the ITS analysis, the slope
of the trend of the estimated monthly incidence rate was
not significant, whereas during the pandemic it was sig-
nificantly positive. It remained positive in 2023, when the
pandemic was declared over but virus circulation was
still high [18]. The observation of an increased incidence
of new-onset hypertension in the whole population dur-
ing the pandemic suggests that hypertension screening
should not be limited to individuals who are aware of
having contracted the infection but should be extended
to the entire population.

Abbreviations

BMI Body mass index

COMEGEN General Medicine Cooperative (COoperativa di MEdicinaGENerale)
COVID-19 Coronavirus disease 2019

ITS Interrupted time series

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2



Trimarco et al. BMC Medicine (2024) 22:127

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512916-024-03328-9.

Additional file 1: Figure S1. Monthly incidence of hypertension dur-

ing the 6-year observation period (2017-2022) grouped by sex. Figure
S2. Monthly incidence of hypertension during the 6-year observation
period (2017-2022) by age group. Figure S3. Monthly incidence of
hypertension during the 6-year observation period (2017-2022) by cancer
prevalence.

Authors’ contributions

GS and BT contributed to the study design. VT, R, DP, UT, MVM, AL, PG, GP, ML,
FR, and CM provided methodological support. Rl, DP, AL, GS, and BT managed
the data. DP was responsible for data analysis. RP and GE developed the data
visualizations. All authors contributed to data interpretation. The manuscript
was written by GS and BT. All authors revised the manuscript for important
intellectual content and participated in the decision to submit the manuscript
for publication. All authors read and approved the final manuscript.

Funding

The Santulli's Lab is currently supported in part by the National Institutes

of Health (NIH): National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK: R0O1-DK123259, R01-DK033823); National Heart, Lung,

and Blood Institute (NHLBI: ROT-HL164772, R0O1-HL159062, ROT-HL 146691,
T32-HL144456); National Center for Advancing Translational Sciences (NCATS:
UL1-TR002556-06, UM1-TR004400) to G.S., by the Diabetes Action Research
and Education Foundation (to G.S.), and by the Monique Weill-Caulier and
Irma T. Hirschl Trusts (to G.S.).

Availability of data and materials
Data and material will be available upon reasonable request to the first authors.

Declarations

Ethics approval and consent to participate
The Ethics Board at the “ASL Napoli 1 Centro” reviewed and approved this
study and granted a waiver of informed consent (Protocol #257/22-2023).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Neuroscience, Reproductive Sciences, and Dentistry, “Federico
[I"University, Naples, Italy. 2Departmem of Advanced Biomedical Sciences,
“Federico II" University, Naples, Italy. *Department of Public Health, “Federico
II"University, Naples, Italy. “Pharmaceutical Department of Campania Region,
Naples, Italy. >Department of Microbiology and Immunology, Fleischer
Institute for Diabetes and Metabolism (FIDAM), Albert Einstein College

of Medicine, New York City, NY, USA. ®Luigi Vanvitelli’ Hospital, Naples, Italy.
’COMEGEN Primary Care Physicians Cooperative, Italian Society of General
Medicine (SIMG), Naples, Italy. 8International Translational Research and Medi-
cal Education (ITME) Consortium, Academic Research Unit, Naples, Italy. %Ital-
ian Society for Cardiovascular Prevention (SIPREC), Rome, Italy. '°Department
of Medicine, Wilf Family Cardiovascular Research Institute, Einstein-Mount
Sinai Diabetes Research Center (ES-DRC), Albert Einstein College of Medicine,
1300 Morris Park Avenue, New York City, NY 10461, USA.

Received: 7 December 2023 Accepted: 28 February 2024
Published online: 19 March 2024

Page 12 of 13

References

1. XieY, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of
COVID-19. Nat Med. 2022;28(3):583-90.

2. The Lancet Public H. COVID-19 pandemic: what's next for public health?
Lancet Public Health. 2022;7(5).e391.

3. Wang W, Wang CY, Wang SI, Wei JC. Long-term cardiovascular outcomes
in COVID-19 survivors among non-vaccinated population: a retrospective
cohort study from the TriNetX US collaborative networks. EClinicalMedi-
cine. 2022;53:101619.

4. Raman B, Bluemke DA, Luscher TF, Neubauer S. Long COVID: post-
acute sequelae of COVID-19 with a cardiovascular focus. Eur Heart J.
2022;43(11):1157-72.

5. Terzic CM, Medina-Inojosa BJ. Cardiovascular complications of coronavi-
rus disease-2019. Phys Med Rehabil Clin N Am. 2023;34(3):551-61.

6. Fairweather D, Beetler DJ, Di Florio DN, Musigk N, Heidecker B, Cooper LT
Jr. COVID-19, myocarditis and pericarditis. Circ Res. 2023;132(10):1302-19.

7. Huseynov A, Akin |, Duerschmied D, Scharf RE. Cardiac arrhythmias in
post-COVID syndrome: prevalence, pathology, diagnosis, and treatment.
Viruses. 2023;15(2):389.

8. Patone M, Mei XW, Handunnetthi L, Dixon S, Zaccardi F, Shankar-Hari M,
Watkinson P, Khunti K, Harnden A, Coupland CAC, et al. Risks of myo-
carditis, pericarditis, and cardiac arrhythmias associated with COVID-19
vaccination or SARS-CoV-2 infection. Nat Med. 2022;28(2):410-22.

9. Wrona M, Skrypnik D. New-onset diabetes mellitus, hypertension,
dyslipidaemia as sequelae of COVID-19 infection-systematic review. Int J
Environ Res Public Health. 2022:19(20):13280.

10. lzzo R, Pacella D, Trimarco V, Manzi MV, Lombardi A, Piccinocchi R, Gallo
P, Esposito G, Lembo M, Piccinocchi G, et al. Incidence of type 2 diabetes
before and during the COVID-19 pandemic in Naples, Italy: a longitudinal
cohort study. EClinicalMedicine. 2023;66:102345.

11. Mone P, Jankauskas SS, Manzi MV, Gambardella J, Coppola A, Kansakar U,
Izzo R, Fiorentino G, Lombardi A, Varzideh F, et al. Endothelial extracel-
lular vesicles enriched in microRNA-34a predict new-onset diabetes in
COVID-19 patients: novel insights for long-COVID metabolic sequelae. J
Pharmacol Exp Ther. 2024. https://doi.org/10.1124/jpet.122.001253.

12 Kim SH, Arora |, Hsia DS, Knowler WC, LeBlanc E, Mylonakis E, Pratley R,
Pittas AG. New-onset diabetes after COVID-19. J Clin Endocrinol Metab.
2023;108:e1164-74.

13. LiJ,LiY,Wang Z, Liu N, He L, Zhang H. Increased risk of new-onset dia-
betes in patients with COVID-19: a systematic review and meta-analysis.
Front Public Health. 2023;11:1170156.

14. Chourasia P, Goyal L, Kansal D, Roy S, Singh R, Mahata |, Sheikh AB, Shek-
har R. Risk of new-onset diabetes mellitus as a post-COVID-19 condition
and possible mechanisms: a scoping review. J Clin Med. 2023;12(3):1159.

15. Zhang T, Mei Q, Zhang Z, Walline JH, Liu Y, Zhu H, Zhang S. Risk for newly
diagnosed diabetes after COVID-19: a systematic review and meta-analy-
sis. BMC Med. 2022;20(1):444.

16. ZhangV, Fisher M, Hou W, Zhang L, Duong TQ. Incidence of new-onset
hypertension post-COVID-19: comparison with influenza. Hypertension.
2023;80(10):2135-48.

17. Quinn KL, Stukel TA, Huang A, Abdel-Qadir H, Altaf A, Bell CM, Cheung
AM, Detsky AS, Goulding S, Herridge M, et al. Comparison of medical and
mental health sequelae following hospitalization for COVID-19, influenza,
and sepsis. JAMA Intern Med. 2023;183(8):806-17.

18. Scobie HM, Panaggio M, Binder AM, Gallagher ME, Duck WM, Graff P, Silk
BJ. Correlations and timeliness of COVID-19 surveillance data sources and
indicators - United States, October 1, 2020-March 22, 2023. MMWR Morb
Mortal Wkly Rep. 2023;72(19):529-35.

19. Cefalu WT. COVID-19 and rising incidence of diabetes: despite evolving
data, an enigma still to be solved. Diabetes Care. 2023;46(5):913-5.

20. Gong F, Wei HX, Li Q, Liu L, Li B. Evaluation and comparison of serological
methods for COVID-19 diagnosis. Front Mol Biosci. 2021;8:682405.

21. Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major find-
ings, mechanisms and recommendations. Nat Rev Microbiol.
2023;21(3):133-46.


https://doi.org/10.1186/s12916-024-03328-9
https://doi.org/10.1186/s12916-024-03328-9
https://doi.org/10.1124/jpet.122.001253

Trimarco et al. BMC Medicine

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

(2024) 22:127

Russo V, Piccinocchi G, Mandaliti V, Annunziata S, Cimmino G, Attena E,
Moio N, Di Micco P, Severino S, Trotta R, et al. Cardiovascular comorbidi-
ties and pharmacological treatments of COVID-19 patients not requiring
hospitalization. Int J Environ Res Public Health. 2020;18(1):102.

Ullah H, Esposito C, Piccinocchi R, De Lellis LF, Santarcangelo C, Minno
AD, Baldi A, Buccato DG, Khan A, Piccinocchi G, et al. Postprandial glyce-
mic and insulinemic response by a Brewer's spent grain extract-based
food supplement in subjects with slightly impaired glucose tolerance: a
monocentric, randomized, cross-over, double-blind, placebo-controlled
clinical trial. Nutrients. 2022;14(19):3916.

Oran DP, Topol EJ. Prevalence of asymptomatic SARS-CoV-2 infection: a
narrative review. Ann Intern Med. 2020;173(5):362-7.

Giordano G, Blanchini F, Bruno R, Colaneri P, Di Filippo A, Di Matteo A,
Colaneri M. Modelling the COVID-19 epidemic and implementation of
population-wide interventions in Italy. Nat Med. 2020;26(6):855-60.
Maison D, Jaworska D, Adamczyk D, Affeltowicz D. The challenges arising
from the COVID-19 pandemic and the way people deal with them. A
qualitative longitudinal study. PLoS One. 2021;16(10):e0258133.

Modesti PA, Wang J, Damasceno A, Agyemang C, Van Bortel L, Persu A,
Zhao D, Jarraya F, Marzotti |, Bamoshmoosh M, et al. Indirect implications
of COVID-19 prevention strategies on non-communicable diseases: an
opinion paper of the European society of hypertension working group
on hypertension and cardiovascular risk assessment in subjects living in
or emigrating from low resource settings. BMC Med. 2020;18(1):256.
D’Angelo G, Rampone S. Forecasting the spread of SARS-CoV-2 in

the campania region using genetic programming. Soft Comput.
2022;26(19):10075-83.

Kobayashi K, Noguchi M. Wearing a mask does indeed matter: lessons
from the 2021 influenza infection season. Eur J Intern Med. 2021;91:96-7.
Han'S, ZhangT, LyuY, Lai S, Dai P, Zheng J, Yang W, Zhou XH, Feng L.
Influenza’s plummeting during the COVID-19 pandemic: the roles of
mask-wearing, mobility change, and SARS-CoV-2 interference. Engineer-
ing (Beijing). 2023;21:195-202.

Sardu C, Gambardella J, Morelli MB, Wang X, Marfella R, Santulli G.
Hypertension, Thrombosis, Kidney Failure, and Diabetes: Is COVID-19 an
Endothelial Disease? A Comprehensive Evaluation of Clinical and Basic
Evidence. J Clin Med. 2020,9(5):1417.

Busse LW, Chow JH, McCurdy MT, Khanna AK. COVID-19 and the RAAS-a
potential role for angiotensin I1? Crit Care. 2020;24(1):136.

Cooper SL, Boyle E, Jefferson SR, Heslop CRA, Mohan P, Mohanraj GGJ,
Sidow HA, Tan RCP, Hill SJ, Woolard J. Role of the renin-angiotensin-aldos-
terone and kinin-kallikrein systems in the cardiovascular complications of
COVID-19 and long COVID. Int J Mol Sci. 2021;22(15):39164.

Azevedo RB, Botelho BG, Hollanda JVG, Ferreira LVL, Junqueira de
Andrade LZ, Oei S, Mello TS, Muxfeldt ES. Covid-19 and the cardiovascular
system: a comprehensive review. J Hum Hypertens. 2021;35(1):4-11.
Garcia-Gasalla M, Berman-Riu M, Pons J, Rodriguez A, Iglesias A, Martinez-
Pomar N, Lliompart-Alabern |, Riera M, Ferre Beltran A, Figueras-Castilla A,
et al. Hyperinflammatory state and low T1 adaptive immune response

in severe and critical acute COVID-19 patients. Front Med (Lausanne).
2022,9:828678.

Tan LY, Komarasamy TV, Rmt Balasubramaniam V. Hyperinflammatory

immune response and COVID-19: a double-edged sword. Front Immunol.

2021;12:742941.

Ning Q Wu D, Wang X, Xi D, ChenT, Chen G, Wang H, Lu H, Wang M,

Zhu L, et al. The mechanism underlying extrapulmonary complications
of the coronavirus disease 2019 and its therapeutic implication. Signal
Transduct Target Ther. 2022;7(1):57.

Martinez-Pomar N, Cunill V, Segura-Guerrero M, Pol-Pol E, Escobar Oblitas
D, Pons J, Ayestaran |, Pruneda PC, Losada |, Toledo-Pons N, et al. Hyper-
inflammatory immune response in COVID-19: host genetic factors in
pyrin inflammasome and immunity to virus in a Spanish population from
Majorca Island. Biomedicines. 2023;11(9):2548.

Palmer K, Monaco A, Kivipelto M, Onder G, Maggi S, Michel JP, Prieto

R, Sykara G, Donde S. The potential long-term impact of the COVID-19
outbreak on patients with non-communicable diseases in Europe: conse-
quences for healthy ageing. Aging Clin Exp Res. 2020;32(7):1189-94.
Zieff G, Bates LC, Kerr ZY, Moore JB, Hanson ED, Battaglini C, Stoner L. Tar-
geting sedentary behavior as a feasible health strategy during COVID-19.
Transl Behav Med. 2021;11(3):826-31.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 13 of 13

Young DR, Sallis JF, Baecker A, Cohen DA, Nau CL, Smith GN, Sallis RE.
Associations of physical inactivity and COVID-19 outcomes among
subgroups. Am J Prev Med. 2023,64(4):492-502.

Nozato Y, Yamamoto K, Rakugi H. Hypertension management before and
under the COVID-19 pandemic: lessons and future directions. Hypertens
Res. 2023;46(6):1471-7.

Spruill TM. Chronic psychosocial stress and hypertension. Curr Hypertens
Rep.2010;12(1):10-6.

Kreutz R, Dobrowolski P, Prejbisz A, Algharably EAE, Bilo G, Creutzig

F, Grassi G, Kotsis V, Lovic D, Lurbe E, et al. Lifestyle, psychological,
socioeconomic and environmental factors and their impact on hyper-
tension during the coronavirus disease 2019 pandemic. J Hypertens.
2021;39(6):1077-89.

Gomez-Escalonilla Lorenzo S, Martinez |, Notario Pacheco B. Influence

of COVID-19 on treatment adherence and psychological well-being in a
sample of hypertensive patients: a cross-sectional study. BMC Psychiatry.
2023;23(1):121.

Gotanda H, Liyanage-Don N, Moran AE, Krousel-Wood M, Green JB,
Zhang Y, Nuckols TK. Changes in blood pressure outcomes among hyper-
tensive individuals during the COVID-19 pandemic: a time series analysis
in three US healthcare organizations. Hypertension. 2022;79(12):2733-42.
Kobayashi K, Chin K, Umezawa S, Ito S, Yamamoto H, Nakano S, Takada

N, Hatori N, Tamura K. Influence of stress induced by the first announced
state of emergency due to coronavirus disease 2019 on outpatient blood
pressure management in Japan. Hypertens Res. 2022;45(4):675-85.
Kashihara T, Mukai R, Oka SI, Zhai P, Nakada Y, Yang Z, Mizushima W, Naka-
hara T, Warren JS, Abdellatif M, et al. YAP mediates compensatory cardiac
hypertrophy through aerobic glycolysis in response to pressure overload.
J Clin Invest. 2022;132(6):e150595.

Murphy C, Lim WW, Mills C, Wong JY, Chen D, Xie Y, Li M, Gould S, Xin

H, Cheung JK; et al. Effectiveness of social distancing measures and
lockdowns for reducing transmission of COVID-19 in non-healthcare,
community-based settings. Philos Trans A Math Phys Eng Sci.
2023;381(2257):20230132.

Gao W, Sanna M, Chen YH, Tsai MK, Wen CP. Occupational sitting time,
leisure physical activity, and all-cause and cardiovascular disease mortal-
ity. JAMA Netw Open. 2024;7(1):e2350680.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Incidence of new-onset hypertension before, during, and after the COVID-19 pandemic: a 7-year longitudinal cohort study in a large population
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Conclusions
	References


