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ABSTRACT

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) that was first identified in December 2019 and emerged into an ongoing global pandemic. Both the
pandemic itself and the associated public restrictive measures of social mobility established with different intensity over
different periods in various countries have significantly affected the everyday activities and lifestyles of people all over
the world. The impact of lockdown and quarantine measures on hypertension incidence and blood pressure (BP) control
is an important topic that requires further investigation. The aim of this review is: a) to present the current evidence
regarding the actual effects of public restrictive measures on BP levels and control, originating primarily from studies
investigating the impact of public restrictive measures on BP control with the use of various BP phenotypes; b) to
summarize the possible pandemic-related effects of factors known to affect BP levels, including both traditional (e.g.
dietary habits including alcohol and sodium intake, body weight, smoking and physical activity) and non-traditional (e.g.
sleep patterns, air pollution, environmental noise, delayed diagnosis and medication adherence) ones.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an infectious disease
caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) that was first identified in China in December 2019
and since then has emerged into an ongoing global pandemic [1].
At 2.5 years after the initial outbreak, COVID-19 has been estab-
lished as a major source of morbidity and mortality worldwide,
infecting >550 million patients, with numbers continuously in-
creasing [2]. The progression and prognosis of COVID-19 is influ-
enced by older age and comorbidities that are common in older
individuals, such as hypertension, obesity, diabetes mellitus and
pulmonary, cardiovascular and kidney disease [3]. These condi-
tions were associated in more than half of COVID-19 patients,
while a third of patients had multiple associated comorbidities
[4].

Apart from the direct clinical impact on healthcare systems
worldwide, the COVID-19 pandemic has also induced important
changes in everyday life, influencing people’s everyday activi-
ties. To minimize the virus transmission and control the pan-
demic, many governments enforced public preventive measures
including quarantine (i.e. government enforced isolation mea-
sures that are applied to individuals presumed to have been ex-
posed to COVID-19, reporting either recent foreign travel history
or contact with COVID-19-positive cases) and nationwide lock-
downs (i.e. government enforced restrictions aimed at reducing
population movement and physical interaction, including stay-
at-home orders and social distancing, such as cancellation of
public gatherings, closure of schools and public transportation,
suspension of markets and non-essential services/activities like
gyms) of different intensity (mild versus strict), frequency and
duration (e.g. in the USA, each individual state put lockdowns in
place of various lengths ranging from 20 to 267 days) over differ-
ent periods [5].

These measures brought significant changes to people’s
lives by impacting both on their mental health and lifestyle
behaviours [6]. In this context, the COVID-19 pandemic may
also have led to adverse changes in the health behaviours of
patients with hypertension and other cardiovascular diseases
[6, 7]. Hence, in addition to alterations in daily life due to social
distancing and economic changes, other traditional (e.g. dietary
habits including alcohol and sodium intake, body weight, smok-
ing and physical activity) and non-traditional risk factors (e.g.
sleep patterns, air pollution, environmental noise, delayed diag-
nosis and medication adherence) affecting blood pressure (BP)
control might also have exhibited significant changes during the
COVID-19 pandemic and lockdown periods [6, 8, 9]. Additionally,
the temporary collapse of some healthcare systems and fear of
contagion may have limited access to care, especially for chronic
conditions such as hypertension. Preliminary studies, mostly in-
volving home BP monitoring, attempted to evaluate the actual
effects of lockdown on BP levels and control using various BP
phenotypes. Therefore, the aim of this review is to summarize
the existing evidence on the impact of public restrictive mea-
sures during the COVID-19 pandemic on BP levels per se and fac-
tors affecting hypertension incidence and BP control and discuss
potential long-term implications.

For the purpose of this review, we conducted literature
searches in the PubMed and Scopus databases up to June 2022
using the following keywords (in different combinations us-

ing simple Boolean operators): ‘SARS-CoV-2’, ‘COVID’, ‘COVID-
19’, ‘COVID19’, ‘lockdown’, ‘quarantine’, ‘confinement’, ‘blood
pressure’, ‘hypertension’, ‘blood pressure control’, ‘body weight’,
‘obesity’, ‘alcohol’, ‘ethanol’, ‘sodium’, ‘salt’, ‘sleep’, ‘insomnia’,
‘adherence’, ‘compliance’, ‘physical activity’, ‘exercise’, ‘seden-
tary behaviour’, ‘smoking’, ‘cigarette’, ‘tobacco’, ‘pollution’, ‘en-
vironmental noise’. The literature search for the specific ques-
tions of the effects of public restrictive measures on BP levels
and control during the COVID-19 pandemic is described in more
detail in the relevant section.

COVID-19 and hypertension

The association between COVID-19 and hypertension was iden-
tified early in the pandemic. Reports from Europe and the USA
suggest that hypertension was the most frequent comorbidity
among patients hospitalized for COVID-19 infection [10, 11] as
well as among COVID-19 patients admitted to intensive care
units [12-14]. Consequently, early after the onset of the pan-
demic, some authors suggested that a significant association
between prevalent hypertension and COVID-19-related mortal-
ity may exist [10, 11, 15]. However, seminal studies in the field
showed that these associations may be affected by several con-
founders, including older age and multiple comorbidities, espe-
cially diabetes, obesity and cardiovascular, pulmonary and kid-
ney disease [3]. As such, there is little direct evidence to indicate
that hypertension per se is an independent risk factor for either
COVID-19 infection or severe COVID-19 disease [13, 14].

In addition, early in the pandemic course, some authors
without supporting clinical evidence suggested that treatment
with renin-angiotensin system (RAS) blockers may be associ-
ated with higher risk of severe COVID-19 [16], based on the fact
that both SARS-CoV and SARS-CoV-2 bind to their target cells
through angiotensin-converting enzyme 2 (ACE2) located in the
cell membrane of respiratory epithelial cells [17]. However, these
concerns were not confirmed by subsequent observational stud-
ies and randomized clinical trials, which demonstrated that the
use of RAS blockers is not associated with COVID-19 infection
or severe disease and that their discontinuation did not appear
to improve outcomes, while their use may also confer a benefit
through organ protection [13, 18-21].

Effects of public restrictive measures on BP levels and
control during the COVID-19 pandemic

Almost 2.5 years after the start of COVID-19, several stud-
ies examining the consequences of the pandemic on BP con-
trol in different countries have been published. To explore this
field, we conducted a literature search in the PubMed and Sco-
pus databases up to June 2022, using the terms ‘SARS-CoV-2’,
‘COVID’, ‘COVID-19’, ‘COVID19’, ‘lockdown’, ‘quarantine’, ‘con-
finement’, ‘blood pressure’, ‘hypertension’ and ‘blood pressure
control’, described in Supplementary Table 1. The flow diagram
of the selection process for studies examining these specific pa-
rameters is shown in Supplementary Fig. 1. Most of these stud-
ies used office and home BP measurements, but there are also a
couple of studies reporting significant changes in 24-h ambula-
tory BP levels as well as in visits to the emergency department
for severe hypertension (Table 1).
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Figure 1: BP changes during the COVID-19 pandemic in the USA. Mean changes (with 95% CIs) in (A) SBP and (B) DBP from the preceding year. From Laffin et al. [26].

Most of the existing evidence supports a worse BP control
pattern during the initial phase of lockdown. In a study from
China, Zhang et al. [22] used longitudinal data of home BP moni-
tored via a smartphone application in 7394 elderly hypertensive
patients living in Wuhan versus other cities of China in order
to examine the impact of the COVID-19 outbreak on BP levels.
A short-term increase in morning home systolic BP (SBP) was
evident during the early phases of the pandemic (from Decem-
ber 2019 to February 2020) in Wuhan compared with non-Wuhan
patients and then returned to normal at the plateau phase. Pa-
tients in Wuhan also had an increased regimen change in an-
tihypertensive drugs during the outbreak compared with non-
Wuhan patients. Expectedly, Wuhan patients were more likely
to check their BP via the application, while doctors were less
likely to monitor the app for BP control during the pandemic
[22]. In a subsequent study from the same research group aimed
at evaluating the association of anxiety status with BP fluctua-
tions and cardiovascular events during the COVID-19 outbreak
in China, patients with anxiety had a higher average morning
home SBP during the pandemic and an increased risk of inci-
dent cardiovascular events during the 1-year follow-up {hazard
ratio [HR] 2.47 [95% confidence interval CI) 1.10-5.58], P = .03}
[23]. Moreover, the rates of uncontrolled BP in patients with anx-
iety were higher than in those without anxiety [23]. This neg-
ative effect of pandemic-associated anxiety on BP control was
also noted by another, albeit small, study including 142 hyper-
tensive patients from Turkey [24]. In this study, Celik et al. [24]
showed that 24-h daytime and nighttime SBP and diastolic BP
(DBP) levels were significantly higher during the pandemic, with
individuals with higher anxiety scores presenting higher ambu-
latory SBP and DBP. Moreover, a Japanese study from Kobayashi
et al. [25] including 748 participants with valid office BP readings
showed an increase in office BP during the pandemic compared
with pre-pandemic levels, as well as an increase in the preva-
lence of white coat hypertension (from 13% to 17%; P < .001). An-
other US study including 464 585 participants with valid annual

office BP measurements (2018-2020) showed increased BP levels
during the pandemic period compared with the previous year
(mean change in SBP from +1.10 to +2.50 mmHg and in DBP from
+0.14 to +0.53 mmHg) (Fig. 1) [26]. A recent population-based
analysis of home BP data from 72706 participants from the USA
showed that during the first months of the pandemic and na-
tional lockdown periods (April-August 2020), home SBP/DBP lev-
els were significantly increased compared with pre-COVID-19
levels (131.6/80.2 versus 127.5/79.2 mmHg; P < .001 for both).
Similarly, the proportion of participants with uncontrolled hy-
pertension also rose during the same period (19% versus 15%)
[27]. Lastly, in a cohort study from Argentina comparing the
number of patients visiting the emergency department with se-
vere hypertension (SBP >160 mmHg and/or DBP >100 mmHg)
reported an increase in severe hypertension cases in post- ver-
sus pre-lockdown (23.9% versus 15.5% of the total visits in the
emergency department; P < .001) and post-lockdown versus in-
terannual reference (23.9% versus 17.6%; P < .001) [28].

In contrast to the above, there are also some studies report-
ing better BP control during the initial phase of the COVID-19
lockdown period. In the aforementioned study from Kobayashi
et al. [25] there was a significant decrease in home BP levels
(SBP/DBP: 128.2 +10.3/75.8 £ 8.8 t0 126.9 + 10.2/75.2 + 9.0 mmHg;
P < .001/P = .01, respectively). Moreover, in a cohort study includ-
ing 126 treated hypertensive patients from Italy, Pengo et al. [29]
reported that home BP was significantly decreased during lock-
down (SBP/DBP: 123.23/74.45 versus 125.05/75.28 mmHg; P = .008
and P = .023 respectively), with more profound effects in pa-
tients with uncontrolled BP. The same results were found in a
French study (2273 participants), in which there was a decrease
in home SBP/DBP by 3.0/1.5 mmHg during lockdown compared
to pre-lockdown periods; these decreases were more significant
in patients with higher BP [30]. Finally, in the only study to date
examining the medium and long-term effects of COVID-19 lock-
down on BP (n = 57 768 individuals from Brazil), Feitosa et al. [31]
reported a trend toward a higher prevalence of high office and



624 | A.G.Karagiannidis et al.

/ : 1 snacking, preserved _i

\

& | i 1 alcohol
o] - 1 sedentary
@T salt intake ¢y 1 obesity () | SO

eﬁ? 1 smoking < | physical activity

delayed

<% adherence to
& diagnosis & care

-1
therapy H

@l sleep quality S&T depressionlanxw

o N S

and quarantine measures

|1_a’zi@ 1 sleep duration | air pollution

| enviromental noise

Figure 2: Adverse and beneficial effects of public restrictive measures on BP levels during the COVID-19 pandemic.

home BP among untreated participants but a lower prevalence of
high office and home BP among treated participants during the
early pandemic period compared with the corresponding period
in 2019. In a subanalysis including 495 untreated and 987 treated
patients with available repeated office and home BP measure-
ments during the same periods, there were no significant differ-
ences in prevalence rates of both office and home high BP before
and during the pandemic; similarly, both office and home BP lev-
els were similar before and during the pandemic.

Of note, in February 2021, the European Society of Hyperten-
sion (ESH) COVID-19 Task Force initiated the ESH ABPM COVID-
19 Study (NCTO05167240) [32]. This is an ongoing, multicentre
(involving 34 hypertension centres in Europe and Israel) study
with the main goal to determine the impact of COVID-19 lock-
down on BP levels and BP variability [through the comparison of
ambulatory BP monitoring (ABPM) results obtained before and
during lockdown) in already-treated hypertensive patients.

Impact of public restrictive measures on traditional and
non-traditional factors affecting BP levels during the
COVID-19 pandemic

Lockdown and quarantine measures may have had both nega-
tive and positive effects on traditional and non-traditional fac-
tors affecting BP levels, including alcohol consumption, body
weight and dietary habits, smoking, physical activity, dietary
sodium intake, sleep quality and duration and sleep disorders,
adherence to therapy, delayed diagnosis and care of BP, air pol-
lution and environmental noise (Fig. 2).

Possible negative effects

Body weight and dietary habits. Obesity is associated with in-
creased hypertension incidence, and reducing weight towards

anideal body weight has beneficial effects on BP levels [33]. Apart
from the strong association with adverse outcomes in hyper-
tension, obesity is also one of the strongest independent pre-
dictors of COVID-19 severity [34]. With regards to patients with
end-stage kidney disease, in a recent subanalysis of the Euro-
pean Renal Association COVID-19 Database (ERACODA) in 3160
patients on kidney function replacement therapy, obesity was
independently associated with an increased risk of mortality at
3 months [adjusted HR 1.71 (95% CI 1.27-2.30) in patients with a
body mass index (BMI) >35 kg/m? compared with a BMI of 18.5-
24.9] [35].

Body weight is another factor that might have been influ-
enced negatively during COVID-19 restrictive measures (Table 2)
[36-41]. In a longitudinal study, young adults gained ~3.5 pounds
(1.6 kg) on average during COVID-19 quarantine measures in the
USA compared with baseline values from the previous 2 years
[42]. Further, a large (2060 adults) cross-sectional study showed
that 30% of the participants reported an increase in BMI during
the COVID-19 lockdown period [43]. In a cross-sectional study
from France including 536 individuals >50 years of age, Berard
et al. [44] showed that one in four participants had gained weight
during this period. Finally, a recent meta-analysis in 3339 indi-
viduals with pre-existing eating disorders and obesity reported
a pooled prevalence rate of weight gain of 52%; the respective
prevalence rate of deterioration in eating disorders was 65% [37].
Depression and anxiety were considered to be major determi-
nants for this deterioration [37].

Alterations in dietary habits and nutritional patterns con-
tributed significantly to the body weight increase during the
COVID-19 lockdown. Studies from Europe reported lower nutri-
tional quality in eating patterns during the lockdown compared
with the pre-COVID era [45]. Along the same line, several stud-
ies conducted in Europe and Latin America showed an increase
in the consumption of unhealthy snacks (i.e. food items rich in
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Table 2: Systematic reviews and meta-analyses examining the impact of public restrictive measures on body weight levels and obesity during

the COVID-19 pandemic.

Author, year Included studies Participants

Results

Bakaloudi et al., 2021 38 studies (6 in

[36] meta-analysis) of age
Sideli et al., 2021 [37] 26 studies

and obesity
Khan et al., 2022 [38] 41 studies 469362 participants
La Fauci et al., 2022 [39] 20 studies 818743 children and adolescents
Chang et al. 2021 [40] 12 studies 4710 children and adolescents
Daniels et al. 2022 [41] 14 studies

59 711 adults and adolescents >16 years

3399 participants with eating disorders

37674 (most of the participants from the
general population)

+ body weight [WMD 1.57 (95% CI
1.01-2.14)], + BMI [WMD 0.31 (95% CI
0.17-0.45)]

1 body weight pooled prevalence 52%
(95% CI 25-78, k = 4). Pooled prevalence of
symptomatic deterioration in eating
disorders 65% (95% CI 48-81, k = 10). No
change in BMI [WMD 0.11 (95% CI
~0.20-0.42)

No quantitative synthesis of the data.
7.2-72.4% of participants with 1 body
weight (mean gain from 0.6 + 1.3 to

3.0 + 2.4 kg) and 11.1-32.0% of
participants | body weight (mean loss
from 2.0 + 1.4 to 2.9 + 1.5 kg).
Determinants of body weight gain:
obesity, female sex, age <25 years and
>45 years, | sleep time/quality,
pre-existing poor dietary quality, stress, |
physical activity, comorbidities

No quantitative synthesis of the data.
Most of the included studies reported 1
body weight and + BMI

1 body weight [WMD 2.67 (95% CI
2.12-3.23)], 4 BMI [WMD 0.77 (95% CI
0.33-1.20)], 1 in obesity rates [OR 1.23
(95% CI 1.10-1.37)] and 1 overweight [OR
1.17 (95% CI 1.06-1.29)]

No quantitative synthesis of the data. A
qualitative synthesis indicated a trend of
weight gain during the pandemic, with 12
of 14 studies reporting 1 body weight and
4 BMI

WMD, weighted mean difference.

salt and calories and poor in nutrients) during the same period
of public restrictive measures [45, 46]. Remarkably, among vari-
ous population groups affected by the COVID-19 lockdown, over-
weight and obese people were more prone to impair their dietary
patterns and lifestyles; in particular, they reported eating and
snacking more during home confinement and had a lower fre-
quency of consumption of fruits and vegetables [47].

Alcohol consumption. The association between alcohol consump-
tion and hypertension is a long-established one. Previous clinical
trials and meta-analyses suggest that a reduction of alcohol con-
sumption has a beneficial effect on BP levels and cardiovascular
health [48, 49]. Conversely, binge drinking has a strong pressor
effect on BP [33].

During the COVID-19 pandemic, changes in alcohol con-
sumption patterns and resultant effects were evident [46, 50].
Most data about changes in alcohol consumption during the
COVID-19 lockdown derive from web-based surveys and the re-
sults are not uniform. While in some studies alcohol consump-
tion remained unchanged [51-53], many studies report an in-
crease in binge drinking and solitary drinking during lockdown
compared with pre-lockdown years [47, 54-56]. Moreover, in a
cohort study from the UK, an increased relative risk for binge
drinking and alcohol consumption frequency during lockdown
was reported [risk ratio (RR) 1.48 (95% CI 1.27-1.73) and RR 1.38

(95% CI 1.26-1.51)] [57]. Consistent with the above findings, mar-
ket research in Europe, Australia and the USA during the first
lockdown period showed an increase in alcohol sales [58-60].
Although some studies observed an increase in drinking among
women in relation to men [55, 61], others did not observe sex dif-
ferences in alcohol use patterns [62]. Overall, there is a growing
body of evidence that during the COVID-19 pandemic, there has
been a tendency towards increased alcohol consumption and al-
terations of alcohol consumption patterns. Medium- and long-
term consequences in cardiovascular health should be investi-
gated in depth.

Smoking. Acutely, smoking exerts a catecholamine-mediated
hypertensive and tachycardic effect [63]. The chronic effects of
smoking on BP have also been established. Studies using ABPM
have shown that smokers exhibit higher daily BP levels than
non-smokers [64]. In addition, smoking has been linked with
masked hypertension [65]. Renovascular hypertension is also
more common in smokers [63]. Overall, smoking increases CVD
risk for hypertensive patients and smoking cessation represents
one of the most effective strategies to diminish this risk [63].
Data on smoking behaviour alterations throughout the
COVID-19 lockdown derive mainly from web-based surveys, the
majority of which included participants from the general pop-
ulation and a few only included smokers. Their results are
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Table 3: Systematic reviews and meta-analyses examining the impact of public restrictive measures on physical activity during the COVID-19

pandemic.

Author, Year

Included studies (physical activity
definition)

Participants

Results

Pérez-Gisbert et al., 2021
[142]

Ng et al., 2022 [86]

Wunsch et al., 2022 [84]

Stockwell et al., 2021
(83]

Oliveira et al., 2022 [143]

5 studies (2 studies
accelerometers, 3 questionnaires)

36 studies (5 studies
accelerometer/ pedometer, 8
questionnaires, 9 no clear
definition)

57 studies (17
accelerometers/pedometers, 40
questionnaires)

66 studies (5 studies
accelerometer/pedometer, 61
questionnaires)

25 studies (4 studies

667 patients with chronic diseases

800 256 participants with or
without chronic diseases

119094 participants

86981 participants (healthy adults
and children, patients with
medical conditions)

15 964 elderly participants

| physical activity levels [SMD
—0.29 (95% CI —0.40 to —0.18),

P < .00001, I2 = 13%]

| step count [SMD —2.789 (95% CI
—3.667 to —1.912), P < .01,

2 = 100%), | METS minutes per
week [SMD —0.164 (95% CI —0.303
to —0.025), P = .02, 12 = 77%], |
physical activity duration

[SMD = —0.068 (95% CI = —0.097 to
—0.039),P < .01, 12 = 0%], 1
sedentary time [SMD = 0.09 (95%
CI 0.006-0.180), P = .04, I2 = 84%]

| physical activity [z = —0.18 (95%
CI —0.30 to —0.06), P < .001]

| in physical activity and 1 in
sedentary behaviours during
lockdown

| in physical activity caused by 1

accelerometer/pedometer, 21
questionnaires)

in sitting time, | in METs, | in the
number of steps, | in exercise
frequency and duration

METSs, metabolic equivalent tasks; SMD, standardized mean difference.

again not homogeneous. In the general population, Sun et al.
[66] showed that the overall percentage of smokers increased
marginally during the pandemic (from 12.8% to 13.6%), but
other studies revealed either similar [67] or decreased rates of
smoking prevalence [68, 69]. Among smokers, the changes in
smoking habits were variable. A few studies showed that dur-
ing the lockdown tobacco consumption remained stable in the
majority of smokers (studies from the USA [70], the Nether-
lands [71] and France [72]). In other studies, the majority in-
creased smoking frequency and the total number of cigarettes
smoked per day during the quarantine (studies from Poland
[73], Israel [74], Australia [75] and Belgium [76]), whereas there is
also an Italian study that revealed a decrease in smoking dur-
ing lockdown (P < .001) [68]. With regards to heavy smoking
(>10 cigarettes/day), a study from the USA showed an increased
prevalence of this habit among smokers, from 5.8% before to
7.9% during the pandemic [67].

In the aforementioned studies, several factors have been
identified to be associated with changes in smoking habits.
Among them, younger age [67, 72, 76] and higher depression,
stress or anxiety levels [72, 75] have been associated with in-
creased smoking. As for education and current living status, the
findings are not consistent. Guignard et al. [72] linked higher edu-
cation level and living in overcrowded housing with higher odds
of increased smoking, whereas Vanderbruggen et al. [76] showed
that lower education and living alone increased the odds.

Although not uniform, these imply a significant worsening in
smoking behaviour following the pandemic’s outbreak.

Physical activity. The antihypertensive role of physical activity
is firmly established. Despite a transient increase in SBP dur-
ing acute exercise, BP falls below baseline levels after complet-
ing training, a phenomenon called ‘post-exercise hypotension’

that persists for hours [77]. In a recent meta-analysis of random-
ized controlled trials (RCTs) assessing the effects of exercise on
ambulatory BP in hypertensive patients, significant decreases in
24-h SBP/DBP (—5.4 mmHg/—3.0 mmHg) daytime and nighttime
SBP/DBP levels were confirmed [78]. As such, the latest European
Society of Cardiology/ESH hypertension guidelines acknowledge
the importance of physical activity in the management of hy-
pertensive patients, recommending regular physical activity as a
first-line lifestyle modification (class of recommendation, I; level
of evidence, A) [33, 79].

Pandemic-related public restrictive measures reduced un-
precedentedly the amount of physical activity through confining
people to their homes and cultivating sedentary behaviours.
A preliminary large cross-sectional study of 3800 individuals
showed a decline in time spent on vigorous physical activity
and walking [16.8% (P < .001) and 58.2% (P < .001), respectively]
and an increase of 23.8% (P < .001) in sedentary time, with these
effects being more markedly manifested in men and previously
more active individuals [80]. Similar results were reported by
other studies [75, 81, 82]. Subsequent meta-analyses confirmed
the above findings by showing a significant decline in physical
activity and a marked increment in sedentary lifestyle in all age
groups [83-87] (Table 3). This shift in physical activity profile
exerted a negative psychological impact, as a relationship be-
tween psychological distress (i.e. stress, anxiety, depression) and
physical activity levels during the pandemic was demonstrated
[88]. The same profile of lockdown-attributed physical inactivity
was also affirmed in the elderly [87] and patients with chronic
comorbidities, although in the latter case most of relevant
studies were based on self-reported questionnaires and not on
objective physical activity measurements [86]. Of note, only one
study so far has investigated the effects of lockdown on phys-
ical activity in hypertensive patients [89]. The main findings



of this study revealed an increase in sedentary behaviour with
prolonged continuous sitting and shorter breaks, a decreased
number of steps per day and a shorter duration of light and
moderate/vigorous physical activity, with these deleterious
changes being more prominent on weekends [89]. Notably,
a specific behaviour that negatively affected physical activity
during the pandemic was an increase in television viewing time.
In a longitudinal study with 631 participants, the hours spent
watching television were significantly increased from 0.9 + 0.8
to 1.7 + 1.4 h/day [82], while other studies reported an increase
in the percentage of participants watching television >2 h/day
(10.4% before versus 24.3% during the pandemic) [90].

Overall, most of these studies were either retrospective or
cross-sectional and were based on self-reported online ques-
tionnaires and did not objectively assess pre-lockdown physi-
cal activity; therefore, the results may have been affected by re-
call bias and mirror a ‘perceived’ instead of an attested physical
activity reduction [91]. Furthermore, it would be interesting to
examine by properly designed studies whether physical activ-
ity returns to usual levels during the periods when the restric-
tive measures are relaxed, since regaining the levels of physical
activity after time intervals of deconditioning, weight gain, etc.
could be a complex issue.

Dietary sodium intake. Salt intake has long been proposed as a
pivotal factor of the pathogenesis of essential hypertension,
based on numerous observational studies and RCTs revealing
an inverse relationship between sodium intake and BP [92].

The consumption of high-sodium processed and preserved
foods (such as snacks, sauces and frozen, canned and instant
foods) increased during the pandemic [93]. A study investigat-
ing the diet changes of 938 French individuals found that salt
intake increased from 2.9 g/day before to 3.2 g/day during lock-
down (P < .001) [94], whereas in the Pandemic-against-LifeStyle
(PaLS) study, more than one-third of the responders stated they
added salt to meals [95]. As mentioned before, the consumption
of snacks, which represent high-sodium products, was signifi-
cantly increased [46, 96] and the percentage of participants ex-
periencing such a dietary change exceeded 50% in some surveys
[73,97]. The American Frozen Food Institute confirmed this ten-
dency by describing spikes in frozen food sales [98]. The hyper-
tensive effects of these changes have not yet been investigated
by properly designed studies.

Sleep quality and sleep disorders. Mounting evidence from experi-
mental and observational studies suggests that poor sleep qual-
ity is associated with hypertension. A meta-analysis of 29 stud-
ies with 45 041 patients demonstrated that poor sleep quality
increased significantly the risk for hypertension [odds ratio 1.48
(95% CI 1.13-1.95)], whereas poor sleepers had a higher average
SBP [mean difference 4.37 mmHg (95% CI —0.69-9.42)] and DBP
[mean difference 1.25 mmHg (95% CI —1.20-3.70)] than normal
sleepers [99]. There is also a relationship between sleep distur-
bances, including insomnia and sleep disruption due to shift
work, and hypertension [100].

National lockdowns forcing people to stay home and alter-
ing rapidly their daily routine prompted serious alterations in
sleep quality. According to a meta-analysis including 493475 in-
dividuals from 49 countries, sleep disorders, including poor sleep
quality and insomnia, irrespective of any covariate, had an esti-
mated prevalence of 40.49% (95% CI 37.56-43.48) [101]. Relevant
studies revealed that sleep quality decreased substantially dur-
ing the pandemic [102-104], sleeping medication use increased
[103, 105] and poorer sleep quality was associated with higher
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levels of depression, stress and anxiety [75, 104]. In support of
the above, insomnia became significantly more common [105-
107], both in terms of new-onset or worsened symptoms [105]
and with women being more affected [105-107]. A recent meta-
analysis showed insomnia to have a pooled prevalence of 23.87%
(95% CI 15.74-34.48) in populations affected by COVID-19, a per-
centage significantly higher than in the pre-pandemic period
[108].

A special group that displayed severe sleep disorders during
the COVID-19 pandemic are healthcare workers. The experience
of intense psychological burden and harsh shift-work schedules
render the sleeping status of healthcare workers a fragile issue;
sleep disorders were given a pooled prevalence of 44% among
them in the latest meta-analysis of 70 related studies [103]. In
a cross-sectional study from the USA, the majority of health-
care workers reported a reduction in sleep duration and experi-
enced both daytime sleepiness and insomnia [109]. Furthermore,
in another study, shift work was linked with deteriorating sleep
quality whereas non-shift work was linked with improved sleep
quality [110]. Finally, Cénat et al. [108] showed that healthcare
workers were more affected by insomnia than other profession-
als (z=2.69, P < .05).

All this evidence may justify the creation of the novel terms
‘COVID-somnia’ or ‘coronasomnia’ that reflect the increased
rates of insomnia in the context of the COVID-19 pandemic [111].

Adherence to therapy. Medication non-adherence is a well-
described determinant of poor BP control that exposes the pa-
tients to an increased risk of cardiovascular morbidity [112, 113].
A recent meta-analysis suggested a pooled prevalence of 31.2%
(95% CI 3.3-86.1) among patients with apparent treatment-
resistant hypertension [114].

Most relevant studies suggest that during the COVID-19
lockdown, patients’ compliance with antihypertensive treat-
ment was reduced. The underlying causes could be economi-
cal, psychological or related to social distancing and to problem-
atic follow-up by physicians. A recent US study revealed that
hypertensive patients reporting cost-related medication non-
adherence were less likely to receive their prescribed treatment
and efficiently control their BP during the lockdown period [115].
In addition, an Ethiopian study in 409 patients showed that the
prevalence of poor adherence according to the Morisky Medica-
tion Adherence Scale was up to 72% [116]. Beyond that, social re-
strictions hindered the patients’ regular follow-up visits to their
physicians and the renewal or alteration of any prescriptions,
thus worsening further their medication compliance [117].

It must be noted however that not all studies reported de-
creased adherence to prescribed medication. Indirect evidence
from a German study comparing the number of patients receiv-
ing cardiovascular medications from pharmacies between the
first trimester in 2019 and 2020 showed an increased number
of patients receiving all studied medications from pharmacies
during the lockdown period (i.e. the first trimester of 2020), with
the largest increase in the age group of 18-40 years, suggest-
ing that an improved adherence pattern might be present in
some populations [118]. Given that this segment of the popu-
lation is frequently studying or working, the reduced time re-
quirements for these activities, together with pandemic-derived
health concerns, may have allowed them to focus on compli-
ance. In addition, in the above-mentioned Ethiopian study, pa-
tients with lower income had better adherence to medication
during the COVID-19 lockdown, probably because citizens un-
der the poverty line were exempt from insurance premiums or
tended to follow medical advice more correctly [116].
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Delayed diagnosis and care on BP control. During lockdown, drastic
confinement measures impeded or delayed diagnosis and regu-
lar care for hypertensive patients. Relevant data can be drawn
from two recent electronic surveys originating from the Cen-
tres of Excellence of the ESH. The first study [117], providing
data from 52 centres from 20 European and 3 non-European
countries, showed that during the pandemic the number of pa-
tients treated per week decreased by 90% compared with the
pre-lockdown era, with 60% of patients reporting limited access
to medical consultations. The vast majority of Centres of Excel-
lence (85%) experienced a shutdown lasting a median of 9 weeks,
whereas more than half of them could not offer 24-h ABPM to
their patients [117]. The second study [119] included data from
54 Centres of Excellence from 18 European and 3 non-European
countries during the consecutive years 2019-2020 and showed
dramatic decreases in hypertension-related diagnostic and ther-
apeutic procedures during the first pandemic year, with the
largest reductions being manifested during the first lockdown. In
this period, the median reduction in ABPM use was 50.7%, ultra-
sound of renal arteries 47.1%, computed tomography/magnetic
resonance imaging of renal arteries 50%, percutaneous angio-
plasties of renal arteries 57.1% and laboratory tests for cate-
cholamines 46.9% and for renin/aldosterone 41% [119]. Taken to-
gether, these results confirmed a pandemic-related compromise
in routine care and diagnostic investigation of hypertensive
patients, hindering BP diagnosis and control.

Socio-economic difficulties. Several socio-economic factors (e.g. so-
cial isolation, low socio-economic status, financial instability or
economic recession) have been previously associated with hy-
pertension, as they are considered to generate excessive chronic
psychological stress and anxiety, both responsible for sympa-
thetic overactivation [120]. In a recent meta-analysis, psychoso-
cial stress was associated with an increased risk of hypertension
[OR 2.40 (95% CI 1.65-3.49)] [121]. In the case of the COVID-19
pandemic, several studies suggest that public restrictive mea-
sures through increasing unemployment rates, financial strain
and insecurity resulted in considerable increases of psycholog-
ical distress [122-124]. These phenomena could have probably
negatively impacted BP levels and hypertension control; how-
ever, the actual impacts of these effects on hypertension in-
cidence and BP control remain to be further investigated by
studies focusing on these particular questions.

Possible positive effects

Sleep duration. Accumulated evidence from experimental and
observational studies suggests that sleep deprivation acts as a
risk factor for hypertension through impeding nocturnal dipping
and increasing morning BP [125]. Of note, these hypertensive ef-
fects of short sleep are more pronounced in female than male
individuals [126] and in those <65 years of age [127].

Despite the aforementioned negative effects of the lockdown
on sleep quality, accumulated evidence suggests that public re-
strictive measures have a beneficial impact on sleep duration.
Since the beginning of lockdown, several studies have reported
slight increases in total sleep duration [102, 128, 129], delayed
sleep chronotypes produced by a later shift of sleep timing [103,
104, 128-130] and decreases in social jetlag (i.e. the difference
in mid-sleep between work days and free days), indicating that
sleep schedules became more consistent throughout the week
[102, 129, 130]. These results revealed that in spite of its poorer
quality, the overall time of sleeping was increased.

Environmental noise. The exposure to excess levels of environ-
mental and transportation-associated noise, particularly aircraft
noise, is increasingly recognized as a significant risk factor for
hypertension, coronary artery disease, heart failure and stroke
[131]. Traffic noise during nighttime disrupts sleep architec-
ture and quality, while during daytime it activates the sym-
pathetic nervous system and hypothalamic-pituitary-adrenal
axis. In combination, these changes lead to autonomic imbal-
ance, metabolic abnormalities, oxidative stress and inflamma-
tion, resulting in endothelial and vascular dysfunction [131, 132].
Arterial stiffness and hypertension are the ultimate epiphenom-
ena. A recent meta-analysis of 11 cohort studies found that the
pooled RR of hypertension for every 10-dB increment of noise
was 1.13 (95% CI 0.99-1.28) [133].

Following the beginning of the pandemic, traffic noise was
diminished due to wide suspension of public transport and
flights, a fact that could exert beneficial effects on BP levels.
Wojciechowska et al. [134] have published the only study so far
shedding light on this subject. In a previous case-control anal-
ysis comparing participants exposed to aircraft noise with a
day-evening-night level >60 dB and unexposed individuals, the
authors showed that long-lasting aircraft noise was associated
with a higher office DBP, nighttime DBP and pulse wave velocity
(PWV) [135]. In the current study they showed that short-term
noise reduction during lockdown was linked with a significant
decrease in 24-h SBP (117.9 versus 121.2 mmHg; P = .034), 24-
h DBP (72.0 versus 75.1 mmHg; P = .003) and PWV (8.8 versus
10.2 m/s; P = .001) in the exposed group. In addition, the dif-
ference in PWV reduction between the exposed and unexposed
subjects was also significant in adjusted analysis accounting for
covariates (—1.49 versus —0.35 m/s; P = .017) [134].

Air pollution. Key components of air pollution include nitrogen
dioxide (NO,) and fine particulate matter (<2.5 um; PM2.5) [136].
Inhalation of PM2.5, derived from the combustion of fossil fu-
els, is an important risk factor for cardiovascular and kidney dis-
ease, including increased BP [137-139]. Economic downturns in
the past have been associated with decreased mortality rates,
and decreased air pollution may be one of the contributing fac-
tors [140]. The COVID-19 lockdowns were associated with a dra-
matic improvement in air quality in many countries that has
been estimated to have prevented thousands of air pollution-
related deaths [141]. This may have potentially resulted in im-
proved control of BP. However, we did not find studies addressing
this hypothesis.

CONCLUSIONS

The COVID-19 pandemic altered dramatically the daily routines
of people all over the world through lockdown and quarantine
measures. These changes had a severe impact on a plethora
of parameters affecting BP levels and control. Despite the fact
that some effects (i.e. increased sleep duration, decreased en-
vironmental noise and air pollution) may be associated with BP
decreases and efficient control, most other changes in individual
behaviours (increased alcohol consumption, increased smoking,
reduced physical activity, insomnia, high sodium intake, med-
ication non-adherence etc.) may have contributed to increased
BP levels and impaired BP control (Fig. 2). However, current
evidence regarding the actual consequences of these risk factor
changes on BP levels and control lacks homogeneity and is not
conclusive. Even if the issues of delayed diagnosis and treatment
of cardiovascular and renal diseases, including hypertension,
could be partially restored when the activity of healthcare



systems returns to ‘normal’, the changes in everyday activities
due to the COVID-19 pandemic and related and self-isolation
policies may be long lasting, thus future longitudinal studies
aimed at investigating the long-term pandemic-related impli-
cations on hypertension incidence and BP control are highly
encouraged.
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