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Objective: During the COVID-19 pandemic, social distancing and self-isolation called for innovative, readily
implementable, and effective short-term health solutions. The objective of this study was to assess the feasibility
of self-assessment of vital signs and symptoms with electronic transmission of results, by self-isolating individuals
with positive SARS-CoV-2 polymerase chain reaction (PCR) test. The secondary objective was to describe the
association between the presence of abnormal vital signs and severe symptoms as well as their evolution over
time.

Method: Participants with positive SARS-CoV-2 PCR test were asked to perform twice daily standardized vital
signs measurements and self-assessment of symptoms for 14 consecutive days. All data were transmitted elec-
tronically through a mobile application and a web-based platform. Participants were provided with decision
support tools based on the severity of their condition and a weekly nurse practitioner telephone follow-up.
Abnormal values for vital signs and severe symptoms were determined. Per participant and per days, pro-
portions of abnormal vital signs and severe symptoms were calculated.

Results: Data from 46 participants (mean age 54.1 + 6.9 years, 54% male) were available for analysis. On
average, participants performed the standardized self-assessment for 12.3 + 3.4 days (89% performed at least 7
measurement days and 61% completed all 14 days). The highest proportions abnormal values for vital signs were
for oximetry (20.1%) and respiratory rate (12.1%). The highest proportions of severe symptoms were for fatigue
(16.9%) and myalgia. (10.2%). The combined proportion of abnormal vital signs and severe symptoms was
maximal on day 1 with 20.3% of total measurements, with a linear decrease to 3.5% on day 14.

Conclusion: Remote initiation of home measurements of vital signs and symptoms, self-management of these
measures, accompanied by a decision support tool and supported by preplanned nurse follow-up are feasible.
This could allow to opening up new insight for the care of sick individuals.

1. Introduction leading solution [1-3]. A well-established health telemonitoring tool is

the self-measurement of blood pressure (BP) at home. In Canada, more

1.1. Background

The pressure exerted on the health care system from COVID-19
pandemic is unprecedented. Little is known about the evolution of
symptoms in self-isolating individuals and the trajectory, which can lead
to hospitalization. The contexts of social distancing and self-isolation
have called for innovative and easily implementable short-term
healthcare solutions. In a context where the population is asked to
avoid overcrowding hospitals, the use of telemedicine has become a
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than a third of adults aged 40 and over have high BP [4] and about half
of hypertensive people have a BP monitor at home [5]. However, for
self-isolating individuals with COVID-19, BP measurement alone would
be insufficient to fully monitor the clinical condition and the evolution
of signs and symptoms related to this condition.

Indeed, to ensure close clinical surveillance of individuals with
COVID-19, all clinically important vital signs would need to be moni-
tored. In addition to daily home BP and heart rate (HR) monitoring,
oximetry, body temperature and respiratory rate (RR) should be
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monitored. Moreover, the relationship between the intensity of COVID-
19 symptoms and abnormal vital signs is poorly described. In the Ca-
nadian province of Québec, individuals who perceive that their state of
health is deteriorating were invited not to present themselves to emer-
gency departments but to call a telephone helpline for advice. However,
it is likely that without vital signs, many would nonetheless be oriented
to the emergency department, adding to the over crowdedness of the
system. Indeed, 57% of individuals who consult the emergency depart-
ment for symptoms of COVID-19 have a heart rate below 100 beats/min,
63% have a respiratory rate below 24 breaths/min and 80% have an
oxygen saturation above 90% [6]. In addition, many cases of severely
hypoxic individuals presenting with very mild symptoms were also re-
ported [7,8]. It seems therefore urgent to rapidly develop alternatives to
measure and document the evolution of signs and symptoms, in an
attempt to enhance triage and to act before clinical deterioration.

Comprehensive self-assessment of vital signs and symptoms twice
daily, of accompanied with algorithms using severity indicators could
inform patients on when they should consult the emergency department.
Clinical surveillance data can be transmitted by various telemedicine
tools that allow monitoring by healthcare professionals. This could help
triage but also reduce the risk of delayed hospitalization which is
associated with a worse evolution.

The main objective of this study is to assess the feasibility of a
comprehensive self-assessment of vital signs coupled with a self-
assessment of symptoms and an electronic transmission of results by
self-isolating individuals with COVID-19, all initiated remotely. The
secondary objective is to describe the link between abnormal vital signs
and symptoms as well as their evolution following initial diagnosis.

2. Method
2.1. Study design and recruitment of participants

The HYTECC study (among HYperTEnsives under Confinement, self-
assessment of vital signs and symptoms of COVID-19) is a prospective
cohort study which took place in Laval (province of Quebec, Canada),
one of the most COVID-19 affected cities in the country in cases per
capita. Individuals positive SARS-CoV-2 polymerase chain reaction
(PCR) test were referred by the local public health authority to the
principal investigator on the day of diagnosis for possible inclusion in
the HYTECC study. To be eligible, participants required the following
inclusion criteria: aged between 40 and 69 years old, known diagnosis of
hypertension, able to understand instructions in the French language,
able to receive a package by an express mail service, have access to a
mobile phone, computer and internet access, and have no known diag-
nosis of heart failure or chronic obstructive pulmonary disease. During
the initial phone contact and following electronic consent, participants
were directed to a secure online platform to obtain all the information
needed to participate in the study.

The study obtained ethical certification from the Centre de Santé et
Services Sociaux de Laval and the Centre Intégré de Santé et Services
Sociaux de I’Estrie (Université de Sherbrooke).

2.2. Self-assessment of vital signs and symptoms

Participants were required to measure vital signs, including BP, HR,
RR, oxygen saturation and body temperature, twice daily for 14
consecutive days and to report COVID-19 associated symptoms. For vital
signs measurements, participants received by express mail within 48 h
of enrollment, a kit containing an electronic BP monitor (LifeSource UA-
651BLE™), an oximeter (Contect™) and an electronic oral thermom-
eter. Participants were instructed to download the free Sphygmo™
software app on their mobile phone or tablet. This app allows recording
of vital sign data by participants and the electronic transmission to a
secure web database. Written guidance and telephone support were
provided to participants on the correct method to perform the various
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vital signs measurements and data collection.

Abnormal values were established for each of the vital signs: systolic
BP (SBP) < 100 mm Hg, HR > 99 beats per minute, RR > 19 breaths per
minutes, oxygen saturation < 95% [9] and oral body temperature >
37.9 °C [10]. Symptom assessment was performed using an online
electronic questionnaire. Participants were asked to rate the intensity of
their COVID-19 symptoms according to four levels: 0-not present, 1-
weakly present, 2-moderately present or 3-strongly present. The
following symptoms, which were rated as moderately present (2) or
strongly present (3) were considered severe symptoms: coughing, dif-
ficulty in breathing, fatigue and muscle pain.

The participants were informed, both in writing and verbally, that
there would be no daily monitoring of transmitted data and that they
were to assess the severity of their condition and whether or not they
should consult a healthcare professional. To assist them in their deci-
sion, an algorithm was provided, guided by the presence or absence of
abnormal vital signs or severe symptoms. In addition, each participant
received two phone calls from a nurse practitioner around day 3 and day
10 of the study. Participants were then asked again about their symp-
toms and the nurse could respond to the concerns of the patients or
provide advice as needed. All patients were also encouraged to call local
COVID-19 help lines for any questions about their health. Finally, par-
ticipants were informed that they could reach by phone or email, at any
time, a member of the research team if they had any technical issues
with the devices (BP monitor or oximeter), the software app or the web-
based platform.

2.3. Other data

Upon electronic consent, participants were required to complete an
electronic questionnaire on health history, lifestyle habits and anthro-
pometric data.

2.4. Outcome measures

Outcome measures were the proportion of participants who
completed 7 and 14 days of self-assessment, abnormal vital signs (BP,
HR, RR, body temperature and oxygen saturation) and patient-reported
symptoms per days, and correlation between the abnormal vital signs
and participant reported severe symptoms.

2.5. Statistical analysis

Descriptive statistics were used to present baseline characteristics for
participants. Comparison between groups were performed using the
independent Student’s t-test for continuous parametric data, and the
Fisher’s exact test for categorical data. The linear correlation test
(Pearson’s R), at the patient level, was calculated between the pro-
portions of abnormal values of vital signs and severe symptoms. Data
analysis was performed using Rstudio Team (2020)".

3. Results
3.1. Participant characteristics

Recruitment took place from December 2020 to March 2021. Phone
calls were made to 406 potential participants, from which 72 met the
inclusion / exclusion criteria with 50 agreeing to participate in the
study. The main reason for non-eligibility was the absence of hyper-
tension (Fig. 1 recruitment flow chart). Out of the 50 who agreed to
participate, 46 transmitted a complete set of data and were included for
analysis. The mean age was 54.1 + 6.9 years and 54% were men. The

1 RStudio: Integrated Development for R. RStudio, PBC, Boston, MA URL http
://www.rstudio.com/.
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Fig. 1. Recruitment flowchart for the HYTECC study: individuals positive for the SARS-CoV-2 polymerase chain reaction (PCR) test were referred by the local public
health authority to the principal investigator on the day of diagnosis for possible inclusion in the study.

average BMI was 31.1 m? / kg. They had been diagnosed with hyper-
tension for an average of 9.5 + 5.8 years, and 30.4% were diagnosed
with diabetes. Symptoms associated with COVID-19 started on average

Table 1
Participants characteristics.

Participants® characteristics n = 44* % or mean (+SD) 4.5 + 3.4 days before entering the study (Table 2, characteristics of
Age, years 54.1 (6.9) participants). Among the participants, 8.7% (n = 4) reported, during the
Sex, mazle 54 % study, that the course and severity of their health condition associated
BMI, m"/kg ) 3L1(5.3) with COVID-19 required medical attention.
Duration of hypertension, years 9.5 (5.8)
Diabetes 31.8%
At least one symptom of COVID-19 86.3% 3.2. Days of measurements completed
Days since onset of the COVID-19 symptoms 4.5(3.2)
Currently smoker 9.1 % Participants completed an average of 12.3 & 3.4 days of vital signs
>7 alcohol consumption per week 18.2% .

) ) o measurements and 10.8 + 4.7 days of symptom self-reporting. In total,
<150 min of physical activity per week 68.8% . .

89% completed at least 7 days of vital signs measurements and 61%

Number of drugs per day 3.8(2.3) leted 14 d F ¢ If i th ti
Two or more blood pressure medications 32.6 % complete ays. For symptom self-reporting, the proportions were

78% and 46% for 7 and 14 days respectively. Among the participants,
11% (n = 5) could not complete the 14 days of the protocol for valid
reasons (family member death, intensive care hospitalization, pneu-
monia, equipment breakdown and early return to work for an essential
worker with atypical working hours).

*2 participants did not complete the health questionnaire.

Table 2
Measurements reaching abnormal values for vital signs.

Vital signs Abnormal Total Number of abnormal 3.3. Abnormal vital signs and severe symptoms
values measures values
n(%) .
> A total of 8527 measurements were included that allowed the
f{ys“’h; Bp < 91;’(; 1’)"1\:[" Hg ﬁ gz ii (z-i) calculation of proportions of abnormal vital signs and severe symptoms.
t beat, . . . R
erznu;a / > ©7) Of these, 766 (8.9%) were either abnormal vital signs, 436 (5.1%) or
Body temperature > 37.9°C 1006 32(3.2) severe symptoms, 330 (3.8%). In terms of vital signs, oximetry (20.1%)
Respiratory rate > 19 / minute 804 97 (12.1) and respiratory rate (12.1%) are the results that most often reached or
Oximetry <95 % 987 198 (20.1) surpassed the abnormal value. (Table 2). The symptoms that most often
reached the severe values are fatigue (16.9%) and muscle pain (10.2%
(Table 3.) The overall proportions of abnormal vital signs and severe
Table 3
Measurements reaching severe values for symptoms.
Symptoms Severe values Total measures Number of severe values
n(%)
Cough 2 or 3 on a self-rated symptom intensity scale of 0 to 3* 878 58 (6.9)
Breathing symptoms 878 34 (4.0)
Fatigue 878 142 (16.9)
Muscle pain 878 86 (10.2)

* Not present = 0, weakly present = 1, moderately present = 2, strongly present = 3.
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Fig. 2. Per day, proportions of abnormal vital signs and severe symptoms for total participants. The overall proportions of abnormal vital signs and severe symptoms
are higher during the first 7 days (range 8.6% — 20.3%, median 13.53%) than during days 8 to 14 (range 3.5% — 6.3%, median 3.86%).
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Fig. 3. Per participant: combined total of abnormal vital signs and severe symptoms and combined proportion of abnormal vital signs and severe symptoms on total
measurements. The blue dotted line represents the median value (10.5) for the total abnormal values and severe symptoms. The orange dotted line represents the
median value (6.8) for the proportion of abnormal values and severe symptoms. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

Table 4
Correlation between proportions of abnormal vital signs and proportion of se-
vere symptoms.

Vital signs Symptoms Correlations ® p values
Body temperature Breathing symptoms 0.36 0.015
Fatigue 0.38 0.009
Muscle pain 0.43 0.003
Heart rate Muscle pain 0.36 0.014
Fatigue 0.36 0.014
Cough 0.61 < 0.001
Oximetry Cough 0.30 0.044
Breathing symptoms 0.33 0.029
Fatigue 0.44 0.003
Muscle pain 0.55 < 0.001
Respiratory rate Breathing symptoms 0.32 0.054

symptoms are higher during the first 7 days (range 8.6% — 20.3%,
median 13.53%) than during days 8 to 14 (range 3.5% — 6.3%, median
3.86%) (Fig. 2).

Of the participants, 45 out of 46 obtained at least 1 abnormal vital
signs value or severe symptoms, ranging from 1 to 57, median 11
(Fig. 3).

3.4. Association between abnormal vital signs and severe symptoms

For each of the vital signs and symptoms, per participant and per
days, the proportions of measurements carried out that reached or sur-
passed the abnormal or severity values were calculated. The statistically
significant correlations between the proportions of abnormal vital signs
and the proportions of severe symptoms are presented in Table 4. The
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highest correlations are between body temperature and muscle pain
(0.43), heart rate and cough (0.61), oximetry and fatigue (0.44) and
oximetry and muscle pain (0.55).

3.5. The technical challenges for participants

Among the 46 participants, 11(24%) sent an email and two partici-
pants (4%) made a phone call for technical assistance. The reasons for
contact were: precisions regarding how to link the software app to the
web-based platform (6), the self-assessment questionnaire (3), the delay
in receiving the material by express mail (1), how to record vital sign
data in the software app (1), how to link the BP device to the app (1), and
how to link the software app to the web-based platform (1).

4. Discussion

To the best of our knowledge, this is the first study demonstrating the
feasibility of remote implementation and use of a telehealth system that
includes comprehensive self-assessment of vital signs and symptoms,
with electronic transmission and concomitant self-management of pa-
tient data supported by preplanned nurse follow-up. In the United
Kingdom, home oximetry in individuals 65 years of age and over is part
of the guidelines for the follow-up of people with symptomatic COVID-
19. Tools to help decision-making based on oxygen saturation and the
presence of symptoms are provided. The modalities and frequencies of
the follow-up by the primary care provider are then personalized [11].
This fits into the Bosch model of Care [12] in which the patient’s self-
management of various health conditions is emphasized. This would
promote autonomy by allowing a better management of a patient’s
condition, while being likely to contribute to improving the quality of
life as well as promoting better health care efficiency.

The secondary objective of the study was to describe the link be-
tween abnormal vital signs and severe symptoms associated with
COVID-19. Like other studies [13-15], oxygen saturation and RR appear
to be the most altered vital signs in COVID-19. Systolic BP and HR
appear to be poor predictors of deterioration of the clinical condition in
COVID-19. This is consistent with a recent study in which the Shock
Index (SBP + HR) demonstrated no predictive value of deterioration in
COVID-19, unlike in patients with sepsis [16]. In terms of symptoms,
fatigue and myalgia presented the highest proportions of severe in-
tensity and these are the two symptoms most strongly correlated with
abnormal oxygen saturation. For its part, breathlessness symptom pre-
sented a low proportion of severe intensity. This is consistent with the
fact that individuals can present to the emergency department with low
oxygen saturation levels, without severe respiratory symptoms, a phe-
nomenon described as “happy hypoxia” [7,8].

In terms of the progression over time of abnormal vital signs and
severe symptoms, the peak was on day 1 of inclusion in the study.
Considering that participants started their symptoms on average 4.5
days before entering the study (Table 1), this corresponds to the typical
peak of intensity of symptoms from days 1 to 5. This is concordant with a
cohort study held in Geneva, among 669 participants, where partici-
pants diagnosed with COVID-19 received every 48 h phone calls from
day 1 of symptom onset [17].

The high success rates of completed measurements observed at 7 and
14 days, performed by patients with symptomatic COVID-19 without the
usual primary care follow-up, are particularly encouraging for the
implementation of such protocol to other health conditions. The easily
accessible technical support could be a contributing factor for the
completion by the participants of such protocol. Finally, the total ma-
terial cost per participant, including its delivery is relatively inexpensive
and provides reusable material.

4.1. Limitation

One of the limitations of the study is the number of participants. A
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generalization of the results to other settings and populations is limited,
especially for data on the association between abnormal for vital signs
and severe symptoms. In addition, the high proportion of participants
with diabetes (31.8% vs. 8.1% for this age group in the population) may
have influenced the impact of COVID-19 on participants [18]. Diabetes
is thought to be one of the predictors of severity for COVID-19 [19,20].

5. Conclusion

While it is important to increase, facilitate and optimize the use of
simple and accessible technological tools in health, this should also be
done with the involvement of patients with self-management of their
condition. The extraordinary context of the COVID-19 pandemic has
prompted the implementation of innovative measures. This study, car-
ried out in the context of a pandemic, made it possible to demonstrate
the feasibility of a completely remote initiation of a telehealth protocol
for sick and symptomatic individuals, including a complete measure-
ment of vital signs twice a day for a period of 14 days.
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