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Abstract

Importance COVID-19 altered lifestyles and disrupted routine health care. Whether blood pressure (BP) control wors-
ened during COVID-19 is unknown.

Obiective To understand whether home BP control worsened during COVID-19 across the United States (US) .

Design, Setting, and Participants A populationbased analysis of home BP data from 72,706 participants
enrolled in a digital health hypertension control program. Data was compared before (January 2019 to March 2020) and
during (April 2020 to August 2020) COVID-19.

Main Outcomes and Measures Monthly mean home BP readings, systolic blood pressure (SBP), diastolic
blood pressure (DBP), and mean arterial pressure [MAP) were quantified before and during the pandemic. Multivariable
adjustments were made for age, sex, race, region, and months enrolled. Home BP readings were also classified based on
monthly averages and highest home BP readings into risk groups: Stage 2 HTN: BP> = 135 or DBP> = 85; Uncontrolled
HTN: SBP> = 145 or DBP> = 95; or Severely uncontrolled HTN: SBP> = 160 or DBP> = 100).

Results Overall, 72,706 participants were enrolled in a digital health hypertension program between 1/1/2019 and
8/31/2020. Compared with participants pre-COVID-19 (n = 33,440), those during COVID-19 (n = 39,266) were of
similar age (mean 53.0 £ 10.7 years vs 53.3 &+ 10.8 years); sex (46% vs 50.6% female) and race (29.1% vs 34.2%
non-white). Relative to pre-Covid (Apr-Aug 2019) the mean monthly number of home BP readings rose during COVID-19
(Apr-Aug, 2020), from 7.3 to 9.3 per month (P < .001). During COVID-19, participants had higher monthly adjusted mean
SBP (131.6 mmHg vs. 127.5 mmHg, P < .001); DBP (80.2 mmHg vs. 79.2 mmHg, P < .001); and MAP (97.4 mmHg
vs. 95.3 mmHg; P < .001). Relative to the pre-pandemic period, during COVID-19 the proportion of participants with a
mean monthly BP classified as uncontrolled or severely uncontrolled hypertension also rose, 15% vs 19% and 4% vs 5%,
respectively

Conclusions and Relevance Based on home BP readings, mean monthly BP rose modestly after COVID-19, de-
spite increased utilization of home monitoring. Further studies are needed to examine the longitudinal effects of the pandemic
on cardiovascular disease risk factors, the impact of these on long-term population health. (Am Heart ) 2022;247:15-23.)

The COVID-19 pandemic has affected millions world-
wide. In the United States 30 million have contracted
the virus, and of these, more than 500,000 have died.!>
COVID-19 has also had multiple direct and indirect
negative impacts on individuals’ health and well-being.
Many are out-of-work, socially isolated, sedentary, and de-
pressed. Furthermore, fears of viral exposure have dis-
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rupted routine in-person health care visits, vital for the
treatment of chronic conditions.’

Hypertension is a highly prevalent chronic condition
and a strong modifiable risk factor for cardiovascular dis-
ease (CVD). The risk of CVD in individuals rises sharply
with increasing blood-pressure (BP)*® and even a few
mmHg rise in BP at the population level can mean signif-
icant increased rates of heart attack, stroke, heart failure
and chronic kidney disease.> More recently, individuals
with hypertension have been found to have higher risk
for death among those contracting COVID-19.” Prior to
the pandemic hypertension control rates remained sub-
optimal; nearly a quarter of adults with hypertension are
not at treatment goals.!® How this may have changed
during the pandemic remains largely unknown. To date,
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though there is very limited information on population
level blood control rates during the COVID-19 pandemic,
there are reports from death certificate data'! that deaths
from ‘hypertension’ have risen substantially in 2020.

Using data from a large national digital health BP dis-
ease management program run by Livongo, we examined
community-based trends in home BP measurement and
control. Specifically, we examined three questions: (1)
Relative to similar periods before COVID-19, did individ-
uals monitor their home BP more or less during COVID-
19?; (2) Did population mean BP rise during COVID-197?;
and (3) Did rates of severely uncontrolled BP also rise
with COVID-19?

Statistical methods
Program characteristics

The Livongo Hypertension program is a digital chronic
condition management program that combines: (1) a
Food and Drug Administration cleared, cellular-
connected, BP monitor and upper arm cuff; (2) un-
limited scheduled access to clinicians (e.g., nutritionists,
dieticians, exercise physiologists) for goal setting, and
lifestyle education based on guideline recommendations;
and (3) mobile phone application on iOS and Android
platforms. The BP monitor technology used by Livongo
has been clinically validated to be within +/— 3 mmHg
of actual BP. The technology platform automatically
uploads all BP readings taken. It also gives participants
reminders for BP checking, and allows participants to
send Health Summary Reports of BP readings to care
providers, family members, and friends via email. The
program provides evidence-based lifestyle and health
advice, however, it does not directly give any specific
medication treatment recommendations. The partic-
ipants are not paid to participate in the program. In
contrast, the program had a cost to participate which
was typically born by the participant’s employer and/or
their health insurance provider.

Database

This study included data from patients using the dig-
ital platform between January 1, 2019 and August 31,
2020. For this study, we defined the onset of the pan-
demic as April 1, 2020 to coincide with the shutdown
imposed across many U.S. states at that time. Participant
sex, race, and ethnicity were provided by the user at time
of registration. Age, geographic region, account status,
and enrollment status were based on the most recent in-
formation available at the time of the data cut (September
2020). Smoking status, height, weight, and body mass
index (BMID) were self-reported and based on the most
recent health status questionnaire. All available BP mea-
surements collected in the digital platform from January
2019 to August 2020 were analyzed. These measures
included systolic blood pressure (SBP), diastolic blood
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pressure (DBP), and frequency of BP readings. Mean ar-
terial blood pressure (MAP) was calculated using the for-
mula: MAP = (SBP + 2*DBP)/3.

For each user, the number of BP measurements per
month were calculated. For the primary analysis, indi-
viduals who had no readings in a month (but did have
readings in subsequent months) were assigned a zero
value for that month. If the individual had no subse-
quent readings, they were conservatively ‘censored’ af-
ter a month of no readings and were considered to
have self-discontinued the program. Based on all read-
ings recorded, mean monthly SBP, DBP, and MAP for
each participant were obtained. A sensitivity analysis
was also performed limited to participants who had BP
measurements in both the pre-pandemic and pandemic
periods.

Participants were also classified monthly into major
BP severity categories in two different ways: (1) based
on their mean BP readings during the month or alter-
natively, (2) based on their highest single BP reading in
each month (peak BP reading). The SBP and DBP mea-
sures were used to define hypertension classifications
during each calendar month. Because home BP moni-
tor values are typically lower then office-based BPs, we
based our BP categories on current BP guidelines with
refinements to the home thresholds as suggested by the
current measurement guidelines.'?!? Additionally, since
we were specifically interested in whether there was an
increase in higher risk, poorly controlled hypertension
we classified mean monthly blood pressure into Nor-
mal/Stage 1 (defined as a home SBP of < 135 and DBP
< 85); Stage 2 HTN (defined as home SBP of > = 135
or DBP> = 85); Uncontrolled HTN (defined as home
SBP> = 145 or DBP > = 95), and Severely uncontrolled
HTN (defined as home SBP> = 160 or DBP> = 100).
These classifications of monthly BP was then repeated
based on the highest single BP reading in a given month
(peak BP reading).

Statistics

Summary statistics for these characteristics are pre-
sented for the overall cohort, and for users contributing
data within each quarter of the study period. Continuous
user characteristics are summarized using mean (SD),
median (interquartile range), and range. Categorical char-
acteristics are summarized using frequencies (percent-
ages). Descriptive summaries were based on patients
with available BP data. To assess whether changes in av-
erage monthly mean values of SBP, DBP, and MAP were
associated with the advent of the COVID-19 pandemic,
Generalized Estimating Equations (GEE) were used to fit
linear models with repeated measures, assuming an inde-
pendent working correlation structure for measurements
within a patient. The model included factors for the asso-
ciated month and year from which the mean values were
determined, and included the interaction between year
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and month. Endpoints were analyzed in unadjusted mod-
els, as well as models adjusted for age, sex, race, region,
and months-in-program (from first billing date in the pro-
gram). In adjusted models, means were calculated using
average covariate values for January, 2020.

The fitted model was used to estimate monthly means
during the study period, and mean differences between
2020 vs. 2019 for calendar months January-August. To as-
sess the “pandemic effect”, a “difference-in-differences”
contrast was tested comparing the mean between-year
difference in April-June (pandemic months in 2020,
but not 2019) to the mean between-year difference in
January-March (pre-pandemic months in both years). All
model estimates are reported with a 95% confidence in-
terval and p-value calculated using the robust covariance
matrix estimate.

A sensitivity analysis was performed to compare the
number of BP readings, SBP, DBP, and MAP during the
first 3 months of 2020 (directly prior to COVID-19) to
those seen from April to August 2020 (during COVID-19)
to evaluate for additional pandemic related differences.
Furthermore, an additional sensitivity analysis was per-
formed on a subset of participants who had BP measure-
ments in both the pre-pandemic and pandemic period.
Additionally, to evaluate whether participants had higher
peak BP during COVID-19, we repeated the classification
analysis using participants’ highest single BP reading dur-
ing each month.

A modeling strategy analogous to that described above
was also employed to evaluate the frequency of BP mon-
itoring. For the analysis of this count variable (monthly
number of readings), GEE was used to fit a negative bino-
mial log linear regression model with repeated measures,
and relevant comparisons were quantified with rate ra-
tios (in place of the differences used for this purpose
in the linear models). For the multinomial hypertension
endpoint, the odds of more severe vs less severe hyper-
tension was modeled using a logit link, and cumulative
odds ratios were used (in place of differences in linear
models) to make the relevant comparisons.

A P-value < .05 was considered statistically significant
and no adjustment was made for multiple comparisons.
Statistical analyses were performed by Duke Clinical Re-
search Institute, (Durham, NC) using SAS software ver-
sion 9.4 (SAS Institute, Cary, NC). The study was ap-
proved by the Institutional Review Board of the Duke
Health System.

Results

The overall study population included 72,706 partic-
ipants in the digital health hypertension platform be-
tween January 1, 2019 and August 31, 2020. Of the total
population, 33,440 participants had their first BP read-
ing on or before March 31, 2020 (pre-pandemic period),
and 39, 266 participants had their first BP reading on or
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after April 1, 2020 (pandemic period). Table 1 describes
characteristics of the overall study population. The over-
all mean age of the study population was 53.2 £+ 10.8
years, with 8,297 (11%) of the cohort being > 65 years
of age. Overall, 48.5% of the cohort was female. The indi-
viduals came from a broad geographic distribution across
United States Census Bureau (USCB) designated divisions
with the most participants coming from the West South
Central division (24.7%) followed by the South Atlantic
(22%). Over half the participants came from the southern
region. Of those individuals self-reporting race/ethnicity
(N = 29,237), 68.6% were White, 17.7% were Black and
13.3% were Hispanic. Overall, 61.5% had a BMI >30 and
6.6% reported being a current smoker.

Comparing those who enrolled in the program prior
to COVID-19 relative to after the onset of the pandemic,
the mean age remained similar (53.0 £ 10.7 years vs 53.3
+ 10.8 years), however, the pandemic population had
slightly more females (50.6% vs 46.0%), and more non-
Whites 34.2% vs 29.1%. Approximately the same propor-
tion of the participants enrolling pre-pandemic and dur-
ing the pandemic were above the age of 65, 11.8% vs
11.1%. The mean BMI also remained similar, 33.54+7.6 vs.
32.8+7.4. The rest of the baseline characteristics were
similar among patients enrolled in the pre vs during
COVID-19 periods (Table I). Further breakdown of the
population characteristics by quarter from January 2019
to August 2020 is provided in the supplement (Supple-
mental table 1).

Number of blood pressure readings

In 2019 (the pre-pandemic period) the number of BP
readings using the digital health platform varied sea-
sonally. The average number of readings per month in
the pre-pandemic period (2019) was highest in Febru-
ary and then declined through November and Decem-
ber. However, after the onset of the pandemic (April
1, 2020) there was a significant rise in the mean num-
ber of BP readings per month compared with similar
months in the pre-pandemic period (Figure 1). Compar-
ing similar months in the pre- (April 1, 2019-August 31,
2019) and COVID-19 (April 1, 2020-August 31, 2019) pe-
riods, the average number of monthly BP readings rose
from 7.3 readings registered per month to 9.3 per month
(Figure 1). This relationship was constant after adjust-
ment for participant characteristics (Supplemental Fig-
ure 1).

Blood pressure trends

As illustrated in Figures 2A-C, population mean
monthly BP varied by season; with mean BPs being high-
est in the early winter and lowest in the summer months.
Important to this study, when compared with corre-
sponding monthly averages from 2019, mean monthly
SBP, DBP, and MAP rose significantly during the months
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Table 1. Baseline characteristics of hypertension program participants.

Overall (N = 72706)

Pre-Pandemic (N = 33440)
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Pandemic (N = 39266)

Age, yrs 53.2 (10.8) 53.0 (10.7) 53.3 (10.8)

Gender (femdle) 35242 / 72678 (48.5) 15375 / 33422 (46.0) 19867 / 39256 (50.4)
Race

White 20046 / 29237 (68.6) 11114 / 15665 (70.9) 8932 / 13572 (65.8)
Black 5172 / 29237 (17.7) 2476 / 15665 (15.8) 2696 / 13572 (19.9)
Asian 1665 / 29237 (5.7) 857 / 15665 (5.5) 808 / 13572 (6.0)
Other 2354 /29237 (8.1) 1218 / 15665 (7.8) 1136 / 13572 (8.4)
Hispanic 3912 /29356 (13.3) 1845 / 15734 (11.7) 2067 / 13622 (15.2)
Smoker 1807 / 27390 (6.6) 925 / 14633 (6.3) 882 / 12757 (6.9)
Height (inches) 67.4 (4.1) 67.5 (4.1) 67.3 (4.1)

Weight (Ibs) 214.7 (54.0) 218.2 (54.6) 212.2 (53.4)

Body mass index 33.1(7.5) 33.5(7.¢) 32.8 (7.4)

BMI>=30 24281 / 39500 (61.5) 10596 / 16635 (63.7) 13685 / 22865 (59.9)
First Monthly Mean SBP 134.7 (15.9) 133.8 (16.2) 135.5 (15.6)

First Monthly Mean DBP 82.2 (10.2) 82.1(10.3) 82.2 (10.0)

In this table, user characteristics are categorized by the date of their first blood pressure reading in 2019-2020.
Summary Statistics: N, Mean (SD); n/N (%) for Discrete. Pre-Pandemic is first blood pressure reading on March 31, 2020 or before; Pandemic is 1 blood pressure reading

on 4/1/2020 or after.

Figure 1

Number of BP Readings, Mean (95% CI)

Number of Mean Monthly Blood Pressure Readings

Calendar month

Distribution of mean number of BP readings in 2019 and 2020 by month. The blue circles represent 2019; red plus represented Jan-Mar
2020; and green x represents the pandemic period of Apr-Aug 2020..

of COVID-19 (April 2020-August 2020). For example, the
unadjusted mean SBP between April through August in
2020 vs 2019 were: 132.4 mmHg vs 128.8 mmHg P <
.001) (See Supplemental Figure 2). Similarly, the adjusted
mean SBP between April through August in 2020 vs 2019
were: 131.6 mmHg vs. 127.5 mmHg, respectively; P <
.001 (Figure 2). Monthly mean DBP was also higher dur-
ing COVID-19 months relative to their corresponding
values prior to COVID-19, 80.4 mmHg vs 79.4 mmHg,
P < .001 and adjusted mean monthly DBP 80.2 mmHg
vs. 79.2 mmHg; P < .001. Monthly mean MAP after the

onset of the pandemic was also higher, 97.8 mmHg vs.
95.9 mmHg, P <.001 and adjusted monthly mean MAP
97.4 mmHg vs. 95.3 mmHg, P < .001. Figure 3 provides
the monthly change (delta) in population mean SBP and
DBP comparing similar months in 2019 with those 2020.
These data again demonstrate significantly higher differ-
ences in BP readings after COVID-19.

After the onset of the pandemic there was a modest
increase in the percentage of participants classified as
having high risk, uncontrolled or severely uncontrolled
BP based on an average (mean) of all BP reading dur-
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Figure 2
Adjusted Mean Monthly Systolic Blood Pressure, Diastolic Blood Pressure, and Mean Arterial Pressure
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Distribution of monthly mean systolic blood pressure (A}, diastolic blood pressure (B), and mean arterial blood pressure (C) readings in 2019
and 2020 in adjusted models. The blue circles represent 2019; red plus represented Jan-Mar 2020; and green x represents the pandemic
period of Apr-Aug 2020. Adjustments were made for age, sex, race, region, and months in program. BP is measured in mmHg.

Figure 3

Mean Monthly Effect Estimates of Mean Monthly Blood Pressure
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Mean differences between 2020 and 2019 by month for SBP and DBP. The average difference between 2019 and 2020 are displayed for

systolic blood pressure and diastolic blood pressue.

ing a given month (Figure 4). Relative to pre-COVID-
19, the adjusted proportion of participants after COVID-
19 with a mean monthly adjusted BP reading classified
as uncontrolled hypertension (home SBP> 145 or
DBP > = 95) rose from 13% to 18% after COVID-19. The
proportion with adjusted mean SBP classified as severely

uncontrolled BP (home SBP > = 160 or DBP > = 90)
rose slightly from 3% to 4%.

In another sensitivity analysis, participant’s BP control
was classified based on the highest recorded value (peak)
during a month as opposed to their mean monthly BP.
This addressed whether there was evidence of high-risk
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Table Il. Comparing 2019 to 2020 changes in number of blood pressure readings SBP, DBP and, MAP seen in the first 3 months of 2020

before COVID-19 and those seen during covid-19

Variable Changes seen Jan-Mar, Changes seen Apr-Aug 2020 Pandemic Effect: Delta between changes P value

2020 relative to Jan-Mar, relative to Apr-Aug 2019 in months Jan-Mar 2020 vs. 2019, and

2019 (PreCOVID-19 Period) (COVID-19 Period) those during COVID months in 2020 vs.

same months in 2019

# of Monthly 0.89 (0.86:0.93) 1.27 (1.24-1.41) 1.42 (1.36-1.49) < .00
Blood Pressure
Readings'
SBP 1.65 (1.22-2.08) 3.56 (3.27-3.84) 1.90 (1.47-2.34) < .001
DBP 10.20 (-0.48:0.09) 0.9 (0.60-1.19) 1.19 (0.91-1.48) < .001
MAP 0.50 (0.2-0.79) 1.89 (1.69-2.09) 1.39 (1.09-1.69) < .001

1 Statistics presented for the number of blood pressure readings represent unadjusted relative change in mean # of monthly blood pressure readings from Jan through March
2020 relative to the same months in 2019 (Column 1). These are compared relative to similar changes seen in blood pressure readings from April through August 2020
(COVID-19 period) relative to the same months in 2019 (column 2) and then Column 3 represents delta (ratio of ratios) between column 1 and 2 (reflecting any changes
that may be more specific to COVID-19). Similar analyses were also done for SBP, DBP and MAP (where the measures represent mean differences between the time periods

listed in mmHg).

elevations in BP during COVID-19. Relative to similar pre-
pandemic months, during COVID-19, those with at least
one BP reading that fell into the uncontrolled BP classi-
fication rose slightly (adjusted proportion 49% vs 43%).
Similarly, those with at least one monthly reading clas-
sified as severely uncontrolled BP also rose slightly (ad-
justed rate 22% vs 18%).

As a second sensitivity analysis, we examined only the
first 3 months of 2020 (directly prior to COVID-19) and
compared these to results seen from April to August 2020
(during COVID-19). As can be seen in Table II, there still
was a small but significant increase in monthly BPs seen
in the first 3 months of 2020 relative to 2019. Thus, the

temporal changes in BP correlate closely to the onset of
COVID-19.

As a final sensitivity analysis, we limited our patient
population to those who had BP reading in both the pre-
pandemic and post pandemic periods. This cohort con-
sisted of a total of 7,025 participants. Baseline charac-
teristics of this group (Supplemental table 2) were gen-
erally similar to those for the overall cohort with the
exception that this group was slightly older (means ag
57.3 years vs 53.2 years. Supplement 3 provides adjusted
mean monthly SBP, DBP, and, MAP for participants with
BP readings in both Pre-Pandemic and Pandemic Peri-
ods Similar to the results in the overall analysis mean
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SBP (128.5 vs 126.5, P < .001), DBP (78.4 vs 77.9, P
.006), and MAP (95.1 vs 94.1, P <.001) were higher in
the post pandemic period relative to the pre-pandemic
period (Supplemental Figure 3).

Discussion

Using data from over 72,000 persons using a home BP
monitoring platform, this study provides a unique look
into BP control during the COVID-19 pandemic. Com-
pared with 2019 (prior to COVID-19), we found that indi-
viduals were actually more engaged with checking their
home BP after COVID-19 relative to before. While pop-
ulation mean BP demonstrated significant seasonal vari-
ability throughout the study period, we did find that the
population average mean monthly SBP, DBP, and MAP
rose significantly during the pandemic compared with
the comparable time periods in the prior year. These find-
ing persisted after adjustment for age, sex, region of the
country, and months enrolled in the digital health pro-
gram. Finally, while there was a slight increase in severely
elevated BP readings after COVID-19, these changes were
modest compared with pre-COVID.

Our study demonstrated significant seasonal variabil-
ity in BP results at the population level. SBP and DBP
rose in the fall and peaked right after the winter holidays
season. Then BP readings tended to fall and nadired in
the summer months. These results are similar to prior
studies that also demonstrate seasonal trends in BP.!7~1”
These seasonal changes have been described to changes
in vasomotor tone from cooler temperatures, changes in
blood viscosity, increased production of catecholamines,
changes in exercise frequency, or changes in eating pat-
terns and weight.?%!

Our major finding was that SBP, DBP and MAP rose sig-
nificantly after the onset of COVID-19 relative to either
similar months in the preceding year or compared with
the first three months of 2020 (just before COVID-19).
There are several potential explanations for the rise in
population BP after COVID-19. Most importantly, stay-
at-home orders, increases in working from home and
sedentary behavior, isolation, pandemic-related stress,
and large changes in personal lifestyle may have im-
pacted hypertension control. Specifically, alcohol intake
is known to increase BP, and multiple studies have shown
increases in alcohol intake and binge drinking during the
pandemic.?>?> Other studies have shown dramatic de-
creases in physical activity during the pandemic, with
one study showing a 42% decrease in physical activity
during lockdown. !

Furthermore, fears of viral exposure and closing of clin-
ics disrupted routine in-person healthcare visits, vital for
the treatment of chronic conditions.> While many clinics
moved to more telemedicine visits, the frequency of in-
person visits to healthcare providers for chronic disease
management declined markedly.?>->® Early in the pan-
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demic, one in three US Adults surveyed reported being
unable to get routine care due to the pandemic, while an-
other 1 in 4 reported being unable to access prescription
medications.”® Additionally, there were reports that cer-
tain commonly used BP lowering agents that inhibit the
renin-angiotensin-aldosterone (RAAS) system may have
adverse effects on a patient with COVID-19.%7-?® While
RAAS inhibitors were subsequently shown to be ‘safe’,
it is possible that these negative news stories hurt pa-
tient compliance with anti-hypertensive medication in
general, and RAAS inhibitors in particular?

‘While the changes in SBP and DBP observed in our
study are modest at the individual level, these findings
should be interpreted in the context of the popula-
tion. Spread across thousands of individuals, even slight
changes in population level BP can have measurable im-
pact on long term cardiovascular risk.* %% !> For exam-
ple, difference in dietary salt studies has demonstrated
that slight increases in SBP and DBP (as low as 2mmHg/1
mmHg at the population level) can predict higher cardio-
vascular events in population analyes.'°

On a positive note, our study did find that patients
appeared more willing to measure their home BP mon-
itoring program during the pandemic than before, as evi-
denced by an increase in the number of BP readings after
the onset of the pandemic compared with similar respec-
tive pre-pandemic months. Possible reasons for this in-
clude more time at home to record BP readings, a higher
interest in health related issues with the pandemic, or
a specific heightened awareness of hypertension as a
risk factor for COVID 19.° It is also possible that partici-
pants were more concerned about monitoring their own
home BP as a result of potential postponements of their
routine in-person provider visits after the onset of the
pandemic. Despite this increased engagement, BP levels
rose, providing an important reminder that monitoring
alone was insufficient to counter the multifactorial rea-
sons for pandemic-related elevations in BP.

Limitations

Our study has limitations that are important to note.
First, our study defined the onset of the pandemic as
April 1, 2020. This date was selected after major govern-
ment shut-down across the United States. However, this
date is somewhat arbitrary as some impacts of COVID-
19 may have been felt prior to April in certain regions as
other regions were relatively spared till later months.

Second, we also followed a population of individuals
that were already enrolled in a home BP management
program. By the nature of this, participants were typi-
cally employed, were younger and had the financial re-
sources, and had higher interest in their health than the
general population of patients with high BP. Second, as
not all patients included in our study had BP readings
continuously in the pre- and pandemic periods, we opted
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to study population averages. It is possible that there
were changes in the population enrolling in the BP man-
agement program in the pandemic vs pre-pandemic pe-
riod. While this is possible, the available baseline char-
acteristics based on month of enrollment appeared sim-
ilar and our results were not changed after adjusting for
these baseline characteristics. We also performed a sen-
sitivity analysis with a subgroup that did have readings
during the pre-pandemic period and pandemic period
that further validated our results. Furthermore, we did
not have access to detailed clinical data such as medi-
cal co-morbidities or medication histories that would be
needed for full adjustment. We also are unable to de-
termine what drove the increase in BPs due to lack of
data on medication adherence and dosing, healthcare
utilization, or lifestyle and diet factors. Thus, while we
established that BP rose modestly in community prac-
tice during the COVID-19 pandemic, future studies will
need to further investigate detailed mechanisms for these
changes Third, the Livongo Hypertension Program of-
fered a number of support systems designed to con-
trol BP (See methods). Such interventions would be ex-
pected to lead to better BP control among participants
over time. Thus, our results demonstrating an elevation
in BP during Covid may represent an underestimation of
the true impact of the COVID era in the overall commu-
nity.

Finally, our results are limited to the first 5 months of
the pandemic. It will be quite important to track whether
changes seen in BP resolve after the pandemic ends, or
if they persist longer-term. Further, longer-term analyses
are indicated.

Conclusion

In our study of participants using a home BP monitor-
ing platform we found that patients were more likely to
measure their BP after the onset of the COVID-19 pan-
demic compared with before. Of concern though is that
SBP, DBP and MAP rose modestly at the population level
after COVID-19. There were also a modestly higher pro-
portion of patients with stage 2 HTN, uncontrolled and
severely uncontrolled BP readings during the pandemic.
Finally, on a positive note, there was no evidence of a
marked increase in the peak BP reading during any sin-
gle month after COVID-19 compared with before. Future
studies are needed to determine the underlying causes of
this rise in population BP, to design strategies to mitigate
their impact on future lockdowns, and whether these
changes in BP initiated by COVID-19 are longstanding or
transient.

Supplementary materials

Supplementary material associated with this article can
be found, in the online version, at doi:10.1016/j.ahj.
2021.11.017.
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