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Abstract
Background: The COVID-19 pandemic has been recognized for its long-term detrimental effects on the
human population. The aim of this study was to report on the quality of life (QoL) from the interim
analysis of COVID-19 positive patients registry data (PAC-19QoLReg) at baseline.

Method: Self-declared patients who received COVID-19 positive diagnosis and/or had exhibited
symptoms of lagged effects from post-COVID-19 for a duration of at least 28 days were recruited into the
PAC-19QoLReg in December 2020 via social media, broadcasting platforms community forums and by
word-of-mouth.

Results: At primary recruitment, a total of 107 participants were recruited into the study. However, this
interim data reports on N=74 long COVID-19 patients who have completed their baseline PAC-19QoL;
Survey 1. The generalized linear model (GLM) Poisson regression was applied in this study to examine
the association between exposure duration to COVID-19 and PAC-19QoL scores. The �nalized model was
adjusted for truncation time and age at recruitment. Truncation time was considered for its contribution
in the delayed effects to complete the questionnaire upon recruitment, and such postponement varied
among participants. The �ndings demonstrate that all participants were likely to recover in their QoL
scores with increasing time since being diagnosed with COVID-19. The model underwent an elective
statistical adjustment with the UK-only participants, and with truncation time at 0-14 and beyond 14 days.
Participants who took >14 days to complete the survey were likely to recover in QoL scores than <=14
days.

Conclusion: Findings from this study suggests a disproportional impact on patients by gender, age, and
study country was observed, emphasizing that an awareness of patient-speci�c factors can assist
clinicians in identifying those who may be at risk for diminished QoL as they progress. Furthermore,
psychological adaptation to disease symptoms upon COVID-19 diagnosis was observed among the
participants

Trial registration: ClinicalTrials.gov Identi�er NCT04586413 (14/10/2020)

Background
The COVID-19 pandemic has been recognized by the scienti�c, medical, economic, and political
committees for its long-term detrimental effects on the human population.

Ongoing mutation of the COVID-19 virus continues to create impacts on rituals and routines that have
been shown to lead to an impairment in the Quality of Life (QoL). 1 – 2 Empirical data suggests that in
August 2021, the estimated number of COVID-19 positive cases had exceeded 208 million globally, with
4.3 million reported COVID-19 deaths. In the United Kingdom, 10.9 million positive diagnoses have been
recorded, with 146,627 deaths from the disease at the time of writing, 3 indicating that the diminishing
incidence of COVID-19 remains speculative. 4 – 5
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Recent scienti�c literature has suggested that post-COVID-19 patients have the ability to resume normal
functioning, however, this is on the condition that they are not experiencing any previously diagnosed
underlying morbidity. 6 In contrast, a recent report suggests that recovered post-COVID-19 patients are
exhibiting prolonged aftermath symptoms of the life-threatening respiratory disease. 7 In clinical
medicine, this state of prolonged symptoms following SARS-CoV-2 viral infection has been recognised as
a discrete post-acute illness known as long COVID-19 8, de�ned as ‘a collection of symptoms that develop
during or following a con�rmed or suspected case of COVID-19, and which continue for at least 28 days.
7

The excess disease burden for long COVID-19 patients results in respiratory conditions, diseases of the
nervous system, mental health burden, metabolic disorders, poor general wellbeing, cardiovascular
conditions, gastrointestinal system conditions, skin disorders, urinary tract infections, and arthritis Al-Aly,
et al. 9. Many long COVID-19 patients have reported a combination of these collections of sequelae, thus
highlighting a signi�cant issue with the quality of life of affected long COVID-19 patients. 10 Long COVID-
19 has, thus, been suggested to be a collection of sequelae instead.

Although the understanding of long COVID-19 is still evolving 7, the level of uncertainty regarding long-
term health and well-being effects from long COVID-19 remains a public health priority. In recognition of
the complicated nature of long COVID-19, the WHO has developed the following clinical case de�nition of
long COVID-19:

"Post COVID-19 condition occurs in individuals with a history of probable or con�rmed SARS CoV-2
infection, usually 3 months from the onset of COVID-19 with symptoms and that last for at least 2
months and cannot be explained by an alternative diagnosis. Common symptoms include fatigue,
shortness of breath, cognitive dysfunction but also others and generally have an impact on everyday
functioning. Symptoms may be new-onset following initial recovery from an acute COVID-19 episode or
persist from the initial illness. Symptoms may also �uctuate or relapse over time.”

While the WHO de�nition provides an e�cient clinical diagnosis of the disease, observational cohort
clinical studies or patient registries may be used to generate real-world evidence on disease progression
and also help generate hypothesises on the bene�ts of available treatments in the real world. 11 – 12

Recently, attention has been drawn to ensuring Neutrality 13 when observing subjects in clinical studies.
This is particularly applicable to the use of disease-speci�c tools, especially for measuring the quality of
life in speci�c disease conditions. 14 For this reason, a disease-speci�c tool (PAC-19QoL) measuring the
impact of long COVID-19 on quality of life was developed and validated. 15 This disease-speci�c tool
adhered to the principles undergirding the Neutrality Theory 13, and used the Jandhyala Method 16 – 17 to
generate a ‘best’ Neutral list of quality of life indicators that long COVID-19 patients suggest should be
included in a long COVID-19 disease-speci�c quality of life tool. In order to implement the PAC-19QoL and
begin the process of observing long COVID-19 sufferers’ QoL, a dedicated patient registry, the PAC-19QoL
(ClinicalTrials.gov Identi�er NCT04586413 (14/10/2020)) was developed and implemented in late 2020



Page 4/19

with the primary objective of achieving a follow-up of 100 subjects over a period of 12 months. The
overarching aim of this project is to conduct and report �ndings from the interim analysis of data from
the long COVID-19 patient registry (PAC-19QoLReg). This analysis details the QoL scores of long COVID-
19 patients with increasing time from diagnosis.

Methods

Cohort description
Ongoing recruitment of long COVID-19 patients into the PAC-19QoLReg commenced in December 2020
during initial deployment of the PAC-19QoL instrument. The PAC-19QoLReg is a patient registry dedicated
to observing quality of life Post-Acute (long) COVID-19 patient using the PAC-19QoL, currently the only
disease-speci�c long COVID-19 quality of life instrument. 18 Participants were recruited from the
validation study and adverts on social media, media broadcasting platforms, community forums and by
word-of-mouth. A total of 107 participants have been recruited into the PAC-19QoLReg. All participants
met the inclusion criterion of experiencing long COVID-19, at the time of completing their �rst survey,
following a diagnostic or antibody test con�rmation for SARS-COV-2 or a clinically suspected case of
COVID-19. In addition, written informed consent was obtained from all participants during enrolment and
all methods were performed in accordance with the relevant guidelines and regulations.   

Statistical analyses 
This analysis covered the baseline QOL measurements of COVID-19 positive patients, from the PAC-
19QoLReg, who had exhibited COVID-19 symptoms for at least 28 days. Recruitment age was derived
from the reported date of birth to the date of recruitment (Figure S1 & Table S1). Exposure time and
truncation time were measured in days (Figures S3 & S4). For each participant, QoL scores were derived
from a set of 44-questions that were to be completed each month over a 12-month period (Survey 1 to
12) (Figures 1, 2 & S5). Questions were scored on a Likert scale and their responses were summed at the
end of each questionnaire. The data underwent a GLM Poisson regression analysis whereby the response
variable was QoL scores, and potential predictor variables were selected using a forward-selection
procedure (Table S4.1). The most preferred model was selected using the likelihood ratio test and with
inference from Aikake Information Criteria (AIC). The �nalized model contained the exposure time,
truncation time and age in quartiles as predictor variables. For model selection and the preference for age
in quartiles, refer to Table S4.1. All outliers were identi�ed and excluded with the application of Cook’s
distance at 4/N; whereby N is the sample size. After the exclusion of outliers, the elective analysis was
performed with a truncation time within and beyond 14 days were performed; N_all = 63 and N_UK = 53
shown in Figure 3 (Tables S4.6.1-S4.6.4 for estimates output). Under appropriate statistical measures, the
age quartiles in the UK-only �nalized model was conditioned to have a valid baseline hazard and obtain
non-misleading rate ratios; 22.0 - 38.5 Q1 was swapped with 38.6 - 45.0 Q2 category. All statistical
analyses were performed using the anonymised dataset with R-software version 4.1.0. 19 
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Missing values and Date inputs
Data collection was designed to reduce the possibility of missing values. In the selected variables of
interest, there were no missing values. However, there were input errors in dates. For example, participants
had the same dates for recruitment, diagnosis and completion of the survey. These participants had also
experienced long COVID-19 symptoms and suffered from COVID-19 in the past, N=2. For these
participants, we performed a bootstrap by replacing their exposure time with those from participants with
similar demographics, e.g., residential country and gender.

Results

Description of Study Participants
While a total of 107 patients were recruited into this study, this interim analysis reports the data analysis
of long COVID-19 patients who had completed their baseline PAC-19QoL survey, N=74. For this interim
report, the analysis represents the latest updates on 1st Dec 2021. After the exclusion of participants who
did not meet the requirements of long COVID-19 symptoms, the descriptive analysis of their PAC-19QoL
analysis was calculated (Table 1, Tables S1 – S3.2; Figures S1 - S5).  

The health and demographic modules of the participants is presented in Table 1, N = 74. For information
on the distribution of the participants by country and by age in quartiles, refer to Tables S1 – S3.2. Body
Mass Index (BMI) was achieved by applying the formula: weight (kg) / height(m2) (Figure S2). Median
age at recruitment was 45.2 ± 10.3 (F) and 43.8 ± 10.8(M) ( Figure S1.1 & S1.2). 

 Table 1

 Demographic characteristics of participants experiencing COVID-19 symptoms for at least 28 days. 
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  All Countries

(N=74)

UK-only

(N=59)

Females (%) 87.8 88.1

Recruited age (median ±sd) 45.2 ± 10.4 47.5±9.9

Truncation time in days (median ±sd) 1 ± 24.3 1±33.4

Exposure time since diagnosis, days§

(median ± sd)

197.0± 113.7 169.0±117.4

Body Mass Index 25.4 ± 9.4 25.5±8.9

Ethnicity (%)

White 90.5 94.9

Mixed 1.4 1.7

Asian 2.7 1.7

Black - -

Other 5.4 1.7

Smoking Status (%)

Never 68.9 67.8

Former 28.4 32.2

Current 2.7 1.7

Health Status (%)

Recovered from COVID-19  23.0 20.7

Hospitalization 16.2 15.5

ICUº 41.7 44.4

Received major surgeries  21.6 20.7

Morbidity (N)

Cancer 1 0

Cystic �brosis 1 1

Stroke 0 0

High cholesterol 6 4

High blood pressure 9 5
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Respiratory (COPD, Asthma) 24 19

Diabetes Type I & II 3 3

Other medical conditions 33 25

Well-being (%)

Post-COVID-19 mobility 75.7 78.0

Help with grocery shoppingnot required  74.3 72.9

Di�culty sleeping  71.6 67.8

COPD – chronic obstructive pulmonary disease 

Participants resided in the United Kingdom (UK), United States, Columbia, Canada, Ireland, Morocco and
Belgium (Table 1). Standard deviation was abbreviated as sd. ICUº percentage and was derived from
patients who were hospitalized. § Exposure time was conditional for participants with < 28 days exposure,
N = 2. The summation of numbers in each category may exceed or be below 1.0 or 100% due to rounding
(Table 1).  

The COVID-19 diagnosis of 87% of participants was con�rmed through testing or clinical diagnosis. The
remaining proportion was self-diagnosed without access to professional medical advice. Among
participants, 58.7% declared that they had suffered from COVID-19 in the past, and 39.2 % were under
full-time employment. 

Table 2

 Correlation between PAC-19QoL scores at baseline and exposure to long COVID-19 by age group. 

Group n Mean Median IQR Correlation coe�cient p-value

< 30 years 11 145 140 132.5,151 0.279 0.118

30-55 years 46 137.76 131.5 125.25,142 0.052

> 55 years 17 127.76 131 117,137 0.159

Control 16 78.75 80 64.25,97.5    

Validation group 15 136.33 139 124,149 <0.001*

Interim report set 74 136.54 132.5 123.5,141.75 <0.001*

Control group (n=15), Validation group (n=15) and Interim report set (n=74).   

* p-value < 0.05 is considered statistically signi�cant 

 



Page 8/19

Participant recruitment and retention

Findings from this report suggest that the recruitment rate was low, and attrition remained high with a
large proportion dropping out after the �rst survey (Figure 1). A similar trend was observed after the
second survey, in addition to deceleration on the attrition rate. 

Statistical Analysis

Six participants completed twelve months in the study, and the twelve accompanying surveys. While this
represents only 20% of the sampled population, the probability of participant retention was calculated,
using the above data points as a reference (Figure 2). A retention rate of 100% was observed after
completion of the send survey.

Model selection and truncation time

During the model selection, truncation time was introduced as a continuous variable and in categorical
format: 0 days, 1-14 days; beyond 14 days (Table S4.1). Truncation time refers to the duration to
complete the survey upon recruitment. In the �nalized model, truncation time was categorized as within
and beyond 14 days. 

Discussion

Patient and Public Involvement
The PAC-19QoL instrument was developed with a group of long COVID-19 patients drawn from local,
national, and international patient groups. It was a consensus on their desires on outcomes important for
measuring their quality of life accurately that was used when selecting the �nal set of indicators included
in the instrument. Their involvement has therefore been the foundation of the PAC-19QoL. Participants for
this �rst phase and the patient registry were recruited through an advertisement of the study via social
media platforms, such as Twitter, Facebook and LinkedIn, and contacts with relevant Facebook groups
(such as groups for older adults in the UK, e.g., U3A and groups for post-hospitalisation COVID-19
patients), and the Medialis Ltd website (www.medialis.co.uk). Participants were informed that at regular
periods throughout the study data analysis and report production would occur, which may take the form
of publicly accessible blog posts on the Medialis Ltd website. They were encouraged to continue informal
dialogue with researchers on an ad hoc basis. The results of this study and further analyses of the PAC-
19QoLReg will be submitted for publication in high impact factor peer-reviewed journals and
communicated through conference presentations and other social medial channels.

PAC-19QoL validation vs healthy volunteer �ndings
Validation of any new instrument is of understandable interest and is considered an important threshold
for its utility. To the best of the authors’ knowledge, the PAC-19QoL remains the only disease-speci�c QoL
instrument for long COVID-19 QoL. Importantly, research in QoL has con�rmed the need for Neutrality in

http://www.medialis.co.uk/
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indicator selection to ensure higher levels of accuracy in the measurement of this type of highly
subjective construct. Generic instruments are not expected to respect the discipline required to limit
observation to just the indicators relevant to a disease QoL and therefore cannot be reliably used to
validate against. In developing a new long COVID-19 disease-speci�c QoL instrument, in the absence of a
gold standard comparator, it was consequently decided to assess whether the instrument was able to
reliably differentiate between individuals based on whether they had a long COVID-19 or not. The initial
validation was carried out with 16 long COVID-19 patients and 15 healthy volunteers (Table 2).

Patient Registry Recruitment: Attrition Rates and Study
Survey Completion
Rates of attrition are an important consideration in epidemiological studies. 20 The rate and timing have
implications for the expected completion of the study and may infer fresh considerations for the
execution of the study. 21 Given the well-documented di�culties in long COVID-19 sufferers associated
with brain fog, concentration and malaise after mental exertion, the prospect of completing even a
relatively short survey of 44 questions may have prevented further participation. Interestingly, the
retention rate observed within the initial 12 months of the study suggest that once a participant has
completed the second survey, the probability of that participant following through with the remaining 10
surveys increases dramatically and remains stable for the duration of the remining months (Fig. 2).
However, a slight dip during month twelve was observed. This is likely attributed to holiday-malaise
during the December festive period.

Patient registries of this nature rely exclusively on the patient’s motivation to participate which may be
driven by the perceived value of the research itself. As there are currently no associated services or
interventions being evaluated on the PAC-19QoLReg such as long COVID-19 clinics, this may have
impacted the perceived value of participation. Though scienti�c knowledge on disease progression and
its impact on quality of life is of clear value in its own right, the inclusion of these relevant treatments and
services would conceivably increase the perceived value of PAC-19QolReg to both the clinicians running
the service and the patients alike as well as raising awareness about the research and encouraging both
participation and retention. At present, there is the expectation that the target 100 patients each
completing 12 months would require at least 4,000 participants to compensate for the low retention
probability and to continue subsequent surveys after the completion of the �rst survey. An improvement
in both rates of recruitment and attrition must be prioritised to ensure a prompt delivery. Given the
relatively small sample size required to complete this analysis, even modest improvements in the current
recruitment or retention rates will have a signi�cant in shortening the time to availability of the
preliminary analysis.

Duration of Exposure, Truncation Time and QoL scores
The overarching aim of this study was to conduct and report on the interim analysis of data in the PAC-
19QoLReg patient registry. Alongside the emergence of long COVID-19, were understandable concerns as
to the long-term disease pro�le and rates of resolution, remission and relapse amongst those reporting
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symptoms and signs of COVID-19 after 4 weeks. 22 The exposure time was obtained from the date of
recruitment and the date of the COVID-19 diagnostic test. The conditional probability of the study only
permits patients who had received a COVID-19 positive diagnosis and exhibited health symptoms from
COVID-19 infection for at least 28 days to participate in the study. Another time entity was also
considered during the statistical analysis, truncation time. The truncation time was deduced from the
date of recruitment to the date of survey completion (Table 1). Though 48.6% of the participants
completed their survey on the date of recruitment, the remaining participants had various postponements
in completing and submitting the survey. This postponement has the potential to cause misleading
estimates during regression analysis.

One of the intriguing �ndings is that with increasing age quartiles the QoL scores decrease; a lower QoL
score indicates a better Quality of Life. All age quartiles present a similar trend towards a recovery in QoL
scores, while UK-only youngest age quartile at within-14 days truncation time demonstrates an increment
in 12% QoL scores with statistical signi�cance; 22.0–38.5 (Fig. 3 & Table S4.6.3). This is contradictory to
the observed trend phenomenon in the analysis of all countries (Figure S8). While UK-only regression
analysis would separate itself from statistical confounder errors deriving from country effects, the trend
from UK-only > 14 days truncation time suggests that it is likely to be a psychological adaptation from
prolonged effects of COVID-19 disease-related symptoms (Tables S4.6.1- S4.6.4). This adaptation may
be happening among all post-COVID-19 and recovering patients in the world. 23 This phenomenon will be
discussed in further detail in the subsequent sections.

Assessment of participant QoL reporting
Duration of exposure to COVID-19 in this long COVID-19 cohort showed an association with PAC-19QoL
scores and the regression model demonstrated the importance of truncation time and the presence of
age interactive effects; presented in quartiles with signi�cance-level p-values < 0.05. Despite their QoL
being signi�cantly lower than COVID-19 negative controls 18, there was an indication that QoL increases
the longer a patient is living with the disease. While reports of long COVID-19 sufferers returning to health
are available, concerns remain on whether this cohort may have simply adjusted to the lower QoL and,
thus, perceived an improvement in their QoL. It is well established that dispositional optimism plays a role
in both physical and mental wellbeing. 24 – 25 This is de�ned as a measure of life engagement and
generalised positive outcome expectancies for the future. A partial explanation of this is provided by the
patient’s engagement in a more adaptive coping strategy in the face of an uncontrollable stressor, such
as COVID-19. 26 Since this involves interaction between the patient and his/her environment, it is
reasonable to expect variation in the predisposition among people to cope in different ways. 27

Coping strategies and their impact on long COVID-19
Following the de�nition provided above, coping has been classi�ed into three broad domains: cognitive,
behavioural and emotional. 28 – 29 Given that inherent changes in the ways people cope as they age exist,
it has been postulated that during the ageing process individuals shift from problem-focused coping to
emotion-focused coping. 30–32
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A wealth of knowledge has shown that younger age groups are more vulnerable to stress, depression, and
anxiety symptoms. 33 While the general trend showed an improvement in QoL scores across the study
population overall, the highest incidence of low QoL scores were recorded at baseline for the 22-38.5 age
group. A recent study by Varma et al 33 examined the impact that the COVID-19 pandemic had on
psychological stress globally. Their work highlighted that over 70% of the study population had greater
than moderate levels of stress and that 59% of the cohort met the criteria for clinically signi�cant anxiety.
33 In addition, 39% reported moderate depressive symptoms. 33

Interestingly, a number of studies have identi�ed that age strengthens the ability to distance oneself from
stressful situations. 28 As result, older participants report enhanced QoL both at baseline and throughout
the progression of the study. The �ndings echo the results obtained in a study by Lim et al. 34 Their study
on the interplay between anxiety, protective behaviours and resilience among the elderly found that
greater resilience predicted lower anxiety among older adults. 34 Similarly, these �ndings provide support
for the hypothesized bene�cial role of coping �exibility in relieving heightened anxiety and depression,
particularly when confronted by the vicissitudes which emerged during the COVID-19 pandemic.

Projected completion
The project has a goal of achieving 100 sets of 12-month surveys. From the probabilities of participation
after the completion of Survey 1, it is estimated that at least 4,000 participants have to participate to
achieve 100 sets of Survey 1–12 (Fig. 2).

Limitations Of The Study

Gender Differences and long COVID-19 Sequelae
This study design had limitations in achieving a balanced gender ratio for a comparative analysis
between the two genders. Participants were mostly recruited through digital social media and forums
which would have led to an algorithmic bias on the platform in calling for participants. Though it is
unclear how the disease progression of long COVID-19 affects males and females 35 evidence from
Pradhan and Olsson 36 and Rozenberg, et al. 37 suggest that males have a higher likelihood for mortality
from COVID-19. There is an emerging body of evidence suggesting that females are more prone to the
burden of long COVID-19 than males and in speci�c to ages between 40 and 60 years old. 38 Table 1
further suggests that the participants are health-conscious individuals with a right-tailed BMI density
distribution with a median at 25.4 ± 9.4 and containing < 3% current smokers (Table 1 and Figure S2).
Furthermore, it would also appear that cumulatively, females are more likely to participate in COVID-19
studies 38, in line with the existing opinion that females are more likely to participate in research studies
in general (Table 2). 39 – 40 This is likely due to the fact that most of COVID-19 social media support
groups have been initiated by women. 41

Small sample size and implications thereof
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Despite the small sample size, this report has demonstrated that with the appropriate statistical approach
and data conditioning, it is plausible to obtain meaningful interpretations and association �ndings on
QoL and long COVID-19 exposure time. The analysis has demonstrated that long COVID-19 patients are
recovering to a better QoL score and psychological adaptation to disease symptoms may have a
substantial interference on QoL scores at the time of survey completion. It must be noted that the small
sample size limits the degree to which the results can be reasonably generalised to the overall population
of long COVID-19 suffers. Upon the exclusion of the outliers using Cook’s distance approach, the
regression model suffers from a loss in statistical power whereby the signi�cance of each category with
increasing exposure time becomes challenging to depict (Figures S9 & S10). High initial attrition rates are
a clear limitation to the population size available for this analysis and have been highlighted as an area
for improvement or at least focus (Tables S11 – S12). The primary analysis explored the possibility of an
association between exposure to long COVID-19 at baseline, however, true progression of the disease on
sufferers’ QoL can only be con�rmed prospectively, and then only, with greater numbers. No assessment
of interventions is planned, at present.

Conclusion
To the best of our knowledge, this is the �rst study to assess the impact of long COIVD-19 on QoL across
multiple geographical locations. A disproportional impact on patients by gender, age, and study country
was observed, emphasizing that an awareness of patient-speci�c factors can assist clinicians in
identifying those who may be at risk for diminished QoL as they progress. Further research using the PAC-
19QoL in clinical studies is ongoing and actively supported with the PAC-19QoLReg. It is hoped that this
patient registry will continue to generate valuable scienti�c knowledge on the progression of long COVID-
19 QoL.

Abbreviations
AI: Awareness Index

CI: Consensus Index

COPD: Chronic Obstructive Pulmonary Disease

COVID-19: SARS-CoV-2 2019

PAC-19QoL: post-Acute (long) COVID-19 Quality of Life

PAC-19QoLReg: post-Acute (long) COVID-19 Quality of Life Patient Registry 

QoL: Quality of Life

Sd: Standard deviation 



Page 13/19

Declarations

Competing Interests Declaration
The author is a visiting senior lecturer at the Centre for Pharmaceutical Medicine Research at King’s
College London responsible for research into real-world evidence approaches.

The author is also the Founder and CEO of Medialis Ltd, a medical affairs consultancy and contract
research organization involved in the design and delivery of real-world evidence including the patient-
reported outcomes and patient registries. 

Availability of data and material
Data from this study will be made available upon reasonable request to the author - Ravi Jandhyala.

Author Contributions
RJ conducted the study and prepared, authored and approved the manuscript. The author also designed
and implemented the patient registry. The author a�rms that the manuscript is an honest, accurate, and
transparent account of the study being reported; that no important aspects of the study have been
omitted; any discrepancies from the study as planned (and, if relevant, registered) have been explained.
YL planned and conducted the GLM Poisson regression analysis and edited the manuscript. 

Acknowledgements
The authors would like to acknowledge the contribution of Medialis personnel (Omolade Femi-Ajao,
Brendon Pearce, Mohammed Kabiri) to the development of the PAC-19QoL instrument and the
implementation of the PAC-19QoLReg, and the participants who have participated in the study.

Ethical Approval
The study was approved by the South West – Central Bristol Research Ethics Committee (IRAS 288729
Bristol SW REC). All research was performed in accordance with relevant guidelines/regulations and
according to the WMA Decelration of Helsinki (2013) 42. 

Consent to Participate
Written informed consent was obtained from all participants during enrolment and they were provided the
complete study details.  



Page 14/19

Consent for Publication
Not Applicable.

Transparency Declaration
Medialis continues to run the PAC-19QoLReg patient registry in association with the Centre for
Pharmaceutical Medicine Research, Institute of Pharmaceutical Science, Faculty 

of Life Science & Medicine, King's College London, as part of its Corporate Social Responsibility Project.

References
1. Iftekhar EN, Priesemann V, Balling R, et al. A look into the future of the COVID-19 pandemic in Europe:

an expert consultation. The Lancet Regional Health – Europe 2021;8 doi:
10.1016/j.lanepe.2021.100185

2. Kotsev SV, Miteva D, Krayselska S, et al. Hypotheses and facts for genetic factors related to severe
COVID-19. World J Virol 2021;10(4):137-55. doi: 10.5501/wjv.v10.i4.137

3. GOV.uk. Coronavirus (COVID-19) in the UK 2021 [Available from:
https://coronavirus.data.gov.uk/details/deaths accessed 15 December 2021.

4. Aleem A, Akbar Samad AB, Slenker AK. Emerging Variants of SARS-CoV-2 And Novel Therapeutics
Against Coronavirus (COVID-19). StatPearls. Treasure Island (FL): StatPearls Publishing Copyright ©
2021, StatPearls Publishing LLC. 2021.

5. Harvey WT, Carabelli AM, Jackson B, et al. SARS-CoV-2 variants, spike mutations and immune
escape. Nat Rev Microbiol 2021;19(7):409-24. doi: 10.1038/s41579-021-00573-0 [published Online
First: 2021/06/01]

�. Jacobs LG, Gourna Paleoudis E, Lesky-Di Bari D, et al. Persistence of symptoms and quality of life at
35 days after hospitalization for COVID-19 infection. PloS one 2020;15(12):e0243882.

7. Davis HE, Assaf GS, McCorkell L, et al. Characterizing long COVID in an international cohort: 7
months of symptoms and their impact. EClinicalMedicine doi:
https://doi.org/10.1016/j.eclinm.2021.101019

�. Nalbandian A, Sehgal K, Gupta A, et al. Post-acute COVID-19 syndrome. Nature Medicine
2021;27(4):601-15. doi: https://doi.org/10.1038/s41591-021-01283-z

9. Al-Aly Z, Xie Y, Bowe B. High-dimensional characterization of post-acute sequelae of COVID-19.
Nature 2021;594(7862):259-64. doi: https://doi.org/10.1038/s41586-021-03553-9

10. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. More than 50 long-term effects of COVID-19: a
systematic review and meta-analysis. Scienti�c Reports 2021;11(1):16144. doi:
https://doi.org/10.1038/s41598-021-95565-8



Page 15/19

11. Jandhyala R. Comment on: “Patient Registries: An Underused Resource for Medicines Evaluation:
Operational Proposals for Increasing the Use of Patient Registries in Regulatory Assessments”. Drug
Safety 2019;42(12):1515-16. doi: https://doi.org/10.1007/s40264-019-00862-x

12. Padidela R, Nilsson O, Makitie O, et al. The international X-linked hypophosphataemia (XLH) registry
(NCT03193476): rationale for and description of an international, observational study. Orphanet
journal of rare diseases 2020;15(1):1-11.

13. Jandhyala R. Neutral theory: a conceptual framework for construct measurement in clinical research.
(Pre-print) https://doi.org/10.13140/RG.2.2.33212.16008. Available at:
https://doi.org/10.13140/RG.2.2.33212.16008. , 2020.

14. Jandhyala R. Neutral theory: applicability and neutrality of using generic health-related quality of life
tools in diseases or conditions where speci�c tools are available. BMC Med Res Methodol
2021;21(1):86. doi: https://doi.org//10.1186/s12874-021-01279-w

15. Jandhyala R. Design, validation and implementation of the Post-Acute (long) COVID-19 Quality of
Life (PAC-19QoL) instrument in the PAC-19QoLReg patient registry. DOI:
https://doi.org/10.21203/rs.3.rs-255825/v1 2020.

1�. Jandhyala R. A novel method for observing proportional group awareness and consensus of items
arising from list-generating questioning. Curr Med Res Opin 2020;36(5):883-93. doi:
10.1080/03007995.2020.1734920 [published Online First: 2020/02/27]

17. Jandhyala R. Delphi, non-RAND modi�ed Delphi, RAND/UCLA appropriateness method and a novel
group awareness and consensus methodology for consensus measurement: a systematic literature
review. Curr Med Res 2020;36(11):1873-87. doi: https://doi.org/10.1080/03007995.2020.1816946

1�. Jandhyala R. Design, validation and implementation of the post-acute (long) COVID-19 quality of life
(PAC-19QoL) instrument. Health and quality of life outcomes 2021;19(1):229-29. doi:
10.1186/s12955-021-01862-1

19. Team RC. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. 2020 [Available from: https://www.R-project.org/ accessed 13 December
2021.

20. Gul RB, Ali PA. Clinical trials: the challenge of recruitment and retention of participants. Journal of
Clinical Nursing 2010;19(1-2):227-33. doi: https://doi.org/10.1111/j.1365-2702.2009.03041.x

21. Nasserie T, Hittle M, Goodman SN. Assessment of the Frequency and Variety of Persistent
Symptoms Among Patients With COVID-19: A Systematic Review. JAMA Network Open
2021;4(5):e2111417-e17. doi: 10.1001/jamanetworkopen.2021.11417

22. Abdallah H, Porter�eld F, Fajgenbaum D. Symptomatic relapse and long-term sequelae of COVID-19
in a previously healthy 30-year-old man. BMJ Case Rep 2020;13(12):e239825. doi: 10.1136/bcr-
2020-239825

23. Ladds E, Rushforth A, Wieringa S, et al. Persistent symptoms after Covid-19: qualitative study of 114
“long Covid” patients and draft quality principles for services. BMC Health Services Research
2020;20(1):1144. doi: https://doi.org/10.1186/s12913-020-06001-y



Page 16/19

24. Rius-Ottenheim N, van der Mast RC, Zitman FG, et al. The Role of Dispositional Optimism in Physical
and Mental Well-Being. In: Efklides A, Moraitou D, eds. A Positive Psychology Perspective on Quality
of Life. Dordrecht: Springer Netherlands 2013:149-73.

25. Gison A, Rizza F, Bonassi S, et al. Effects of dispositional optimism on quality of life, emotional
distress and disability in Parkinson's disease outpatients under rehabilitation. Funct Neurol
2015;30(2):105-11. doi: 10.11138/fneur/2015.30.2.105

2�. Taylor SE. Social Support: A Review2011.

27. Nes LS, Segerstrom SC. Dispositional Optimism and Coping: A Meta-Analytic Review. Personality
and Social Psychology Review 2006;10(3):235-51. doi: 10.1207/s15327957pspr1003_3

2�. Folkman S, Lazarus RS, Pimley S, et al. Age differences in stress and coping processes. Psychology
and Aging 1987;2(2):171-84. doi: 10.1037/0882-7974.2.2.171

29. Lazarus RSF, S. . Coping and adaptation. New York: Guilford: W.D. Gentry 1984:282-325.

30. Cavanaugh JCaB-F, F. Adult development and aging. 6th ed. Boston: Cengage Lerning 2011.

31. Chen Y, Peng Y, Xu H, et al. Age Differences in Stress and Coping: Problem-Focused Strategies
Mediate the Relationship Between Age and Positive Affect. The International Journal of Aging and
Human Development 2017;86(4):347-63. doi: 10.1177/0091415017720890

32. Mélendez JC, Alfonso-Benlliure V, Mayordomo T. Idle minds are the devil's tools? Coping, depressed
mood and divergent thinking in older adults. Aging & Mental Health 2018;22(12):1606-13. doi:
10.1080/13607863.2017.1387765

33. Varma P, Junge M, Meaklim H, et al. Younger people are more vulnerable to stress, anxiety and
depression during COVID-19 pandemic: A global cross-sectional survey. Prog
Neuropsychopharmacol Biol Psychiatry 2021;109:110236-36. doi: 10.1016/j.pnpbp.2020.110236
[published Online First: 2020/12/26]

34. Lim XY, Yap AC, Mahendran R, et al. The interplay between anxiety, fear, protective behaviors,
compassion, and resilience among older adults during a COVID-19 lockdown: a structural equation
modeling study. Transl Behav Med 2021;11(5):1172-78. doi: 10.1093/tbm/ibaa143

35. Ancochea J, Izquierdo J, Savana COVID-19 Research Group, et al. Evidence of Gender Differences in
the Diagnosis and Management of Coronavirus Disease 2019 Patients: An Analysis of Electronic
Health Records Using Natural Language Processing and Machine Learning. Journal of Women's
Health 2021;30(3):393-404. doi: https://doi.org/10.1089/jwh.2020.8721

3�. Pradhan A, Olsson P-E. Sex differences in severity and mortality from COVID-19: are males more
vulnerable? Biology of sex Differences 2020;11(1):1-11.

37. Rozenberg S, Vandromme J, Martin C. Are we equal in adversity? Does Covid-19 affect women and
men differently? Maturitas 2020;138:62-68. doi: https://doi.org/10.1016/j.maturitas.2020.05.009

3�. Torjesen I. Covid-19: Middle aged women face greater risk of debilitating long term symptoms. BMJ
2021;372:n829. doi: https://doi.org/10.1136/bmj.n829



Page 17/19

39. Lobato L, Bethony JM, Pereira FB, et al. Impact of gender on the decision to participate in a clinical
trial: a cross-sectional study. BMC Public Health 2014;14(1):1156. doi: https://doi.org/10.1186/1471-
2458-14-1156

40. Gebhard C, Regitz-Zagrosek V, Neuhauser HK, et al. Impact of sex and gender on COVID-19 outcomes
in Europe. Biol Sex Differ 2020;11(1):29-29. doi: 10.1186/s13293-020-00304-9

41. Davis HE, Assaf GS, McCorkell L, et al. Characterizing long COVID in an international cohort: 7
months of symptoms and their impact. Available at SSRN 3820561 2021

42. World Medical Association. World medical association declaration of Helsinki: ethical principles for
medical research involving human subjects. JAMA 2013 [cited 2014 May 20];Vol. 310, No. 20
Available from: http://jama.jamanetwork.com/article.aspx?articleid=1760318.

Figures

Figure 1

Participant retention over the �rst 12 months of implementing the PAC-19QoLReg. 
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Figure 2

Retention Probability from Survey 1 – 12, based on the participants who have completed 12 surveys. 
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Figure 3

GLM Poisson regression model for UK-only long COVID-19 participants. Top panel: truncation time within
14 days. Bottom panel: truncation time beyond 14 days. 
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