Abstract
Background: Long-COVID diagnosis is prominent, and our attention must support those experiencing debilitating and long-standing symptoms. To establish patient pathways, we must consider the societal and economic impacts of sustained COVID-19. Accordingly, we sought to determine the pertinent areas impacting quality of life (QoL) following a COVID-19 infection. 
Research methods: Three hundred and eighty-one participants completed a web-based survey (83% female, 17% male) consisting of 70 questions across 7 sections (demographics, COVID-19 symptoms; QoL; sleep quality; breathlessness; physical activity and mental health). Mean age, height, body mass and body mass index (BMI) were 42 ± 12 years, 167.6 ± 10.4 cm, 81.2 ± 22.2 kg, and 29.1 ± 8.4 kg.m2, respectively. 
Results: Participant health was reduced because of COVID-19 symptoms (“Good health” to “Poor health” [P<0.001]). Survey respondents who work reported ongoing issues with performing moderate (83%) and vigorous (79%) work-related activities. 
Conclusions: COVID-19 patients report reduced capacity to participate in activities associated with daily life, including employment activities. Bespoke COVID-19 support pathways must consider multi-disciplinary approaches that address the holistic needs of patients to restore pre-pandemic quality of life and address experienced health and wellbeing challenges. 
Plain Language Summary
The long-term impact of long-COVID has a dramatic impact upon daily activities and lifestyle. The development of bespoke support pathways to support patients must address the physical and psychological considerations to adequately restore pre-COVID quality of life and address broader societal and economic implications, especially for those that are of working age. 

Article Highlights:
1. The longitudinal impact to which long-COVID affects health and wellbeing is yet to be understood in its entirety. 
2. Our data highlights a broad and complex symptom profile that persists in the post-COVID period and reduces quality of life.  
3. COVID-19 specific and multi-disciplinary rehabilitation approaches are needed to pre-COVID-19 restore pre-COVID-19 patient status.   

1.0 Introduction 
The introduction of widespread and efficacious vaccination programmes globally has played an integral part in reducing transmission [1], admission to intensive care units [2] and mortality [3] associated with Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). Effective treatment and management strategies have been implemented to manage clinical presentations [4] however, attention must be directed to increasing the understanding and support for the millions of people globally experiencing severe and debilitating symptom profiles associated with post-coronavirus disease 2019 (COVID-19) syndrome or long-COVID. Affecting 1 in 10 patients [5], long-COVID is clinically defined as a complex symptom profile that develops during or after a COVID-19 infection, continues for >3 months and is not explained by an alternative diagnosis [6]. With reports of sustained symptoms and morbidity in the months and now, years following acute infection, there is a growing demand on health care systems globally to support and rehabilitate patients. and re-establish pre-COVID health status and quality of life (QoL) [7]. Whilst there is currently no established trajectory towards recovery, long-COVID is likely to pose long-term challenges to health and wellbeing, and broad societal and economic impacts [8].
Whilst cases of long-COVID rise exponentially, the extent of symptom prevalence and severity is broad; at this point, there is limited knowledge of risk factors and attributable mechanisms for long-COVID [9]. Whilst global efforts to increase the understanding of long-COVID gains momentum, information relating to the symptom prevalence, severity and impact upon the individuals are greatly needed to inform the development of COVID-19 specific support pathways and rehabilitation services. To be truly effective, the patient support pathways will undoubtedly be as complex as the symptomology, creating a unique challenge for clinical and non-clinical entities to work collaboratively in the interest of achieving improved patient outcomes. Therefore, engaging multi-disciplinary stakeholder groups to support healthcare leaders in a systems approach will be imperative to developing bespoke COVID-19 approaches and achieving widespread patient benefit [10]. To be successful, there is a need to characterise symptom profile and the impacts upon QoL, activities of daily life and importantly, the lived experience [11]. 
To date, an abundance of cohort studies from acute and clinical settings demonstrate a broad symptom profile and prevalence as synthesised by Hayes et al[12], whereby, it is acknowledged that long-COVID symptoms and severity are disparate from acute COVID-19 and unrelated to acute infection, respectively[13]. Therefore, those recuperating in community settings that did not require clinical intervention (e.g., those with mild symptoms or that were asymptomatic) and have subsequently reported long-COVID, requires further investigation. Accordingly, the current study aimed to characterise and quantify the symptom profile of long-COVID patients living in community settings and outline the impact upon QoL and activities of daily life. 
2.0 Methods
Following institutional ethics approval (ETH2021-1452) from the Human Sciences Research Ethics Committee, an online web-based survey was developed in conjunction with patient and public representatives and hosted using an online survey platform (Qualtrics, Provo, Utah, USA). The survey was available for completion between September 2020 and May 2021 and was distributed via social media (with targeted audiences in public and private COVID-19 groups/pages). In-line with ethics standards, all participants were required to provide informed consent before completing the survey and all responses were anonymised by generating a unique participant ID. 
The survey consisted of 70 questions, across 7 sections using validated measures to explore the impact of long-COVID on participant health and wellbeing. The survey included separate sections on; 1) participant characteristics (18 questions:  age, body mass index [BMI], sex, comorbidities, and lifestyle factors [smoking status and weekly alcohol consumption], demographics [country of residence and ethnicity], and socioeconomic status [employment status and role, number of household occupants and situation, and approximate income]); 2) COVID-19 symptoms (10 questions), 3) QoL (Short-Form 36 [SF-36] and health-related QoL [HRQoL]) (8 questions); 4) sleep quality (8 questions, Pittsburgh Sleep Quality Index); 5) breathlessness (4 questions: Shortness-of-breath questionnaire); 6) physical activity ([PA]14 questions: SF-36); and 7) mental health (6 questions: HRQoL and SF-36).  All questions were scored on Likert or frequency scales. The resulting data was reported in accordance with established and published guidelines specific for e-surveys [14]. 
2.1 Statistical Analysis:
Normal distribution was assessed through a visual inspection of the frequency histograms and a Shapiro–Wilk test with all parametric assumptions satisfied. Likert scores were treated as interval data for analysis and reported as arbitrary units (AU).  All survey responses were analysed using frequency counts, Wilcoxon signed-rank tests (within groups), or Mann-Whitney U test (between groups). Data are presented as mean ± standard deviation (SD), median (with interquartile range [IQR]) and/or frequency (n/%), with statistical significance set to P<0.05. All data were analysed using IBM SPSS Statistics (v24, NY, USA).

3.0 Results 
3.1 Demographics
Three hundred and eighty-one participants completed the full survey (83% female, n=316), of which, mean age and BMI were 42 ± 12 years, and 29.1 ± 8.4 kg.m2, respectively. Eighty-one percent (n=319) of respondents were from the UK, with a further 7% (n=28) from Europe and 6% from the USA. The majority of respondents were employed full-time (53%, n=198), part-time (21%, n=80) or self-employed (10%, n=39), with the remainder unemployed, students or retired. Those in employment were frontline workers (26%; n=83), keyworkers (29%; n=93), working from home (26%, n=83), office workers (9%, n=30) or, in high contact roles such as retail (8%, n=25). 
3.2. Healthcare Utilization:
Of all participants, 79.5% (n =303) contacted their general practitioner specifically about their COVID-19, 41% (n=155) contacted a dedicated COVID-19 telephone service (e.g., National Health Service Direct), 5% (n=19) were referred for specialist treatment, 5% (n=17) attended an emergency department, and 2% (n =8) were admitted to hospital for treatment.
3.3 COVID-19 Symptoms
The range and frequency of COVID-19 symptoms are highlighted in their entirety in Figure 1A, with symptom severity reducing from the onset of symptoms to the time this survey was completed for; shortness of breath, bodily pain, muscle weakness, headaches, sore throat, diarrhoea, memory loss, confusion and eye redness (P<0.001; Figure 1B). Sustained COVID-19 symptoms also affected; fatigue, breathlessness, completion of daily activities, sleep quality and moderate-to-vigorous work activities, with reported severity highlighted in Figure 2. This was similar across working classifications, including frontline workers (both 91%), keyworkers (both 82%), those working from home (83% and 78%), office workers (72% and 69%), and those working in high-contact roles (82% and 68%). There was no difference in the effect of COVID-19 symptoms on moderate and vigorous activities between those individuals denoting a previous history of a long-term health condition (moderate: U=-1.7, P=0.094, and vigorous: U=-1.8, P=0.075).  
**Figure 1 around here**
3.4 Quality of Life
Participant health was universally reduced due to COVID-19 symptoms (from 2 [1-2] “Good health” to 4 [3-4] “Poor health” [Z=-16.1, P<0.001]).  Medium, positive correlations were found between the number of initial symptoms and post COVID-19 general health (r=0.56, n=358, p<0.001).  As a result of COVID-19 infection, 27%(n=104) of participants reported they were unable to live alone without the assistance of another person at the time of completion, 24% (n=90) reported difficulty in completing daily activities “all of the time”, 31% (n=115)  reported difficulty “most of the time”, 39%(n=143) reported difficulty “some of the time”, and 5% (n=33) reported that their COVID-19 symptoms did not affect their ability to complete daily tasks. 
**Table 1 around here**
3.5 Sleep Quality 
An increase in daytime sleeping was reported by eighty-three percent (n=318) of participants as a result of COVID-19 symptoms. There was a reduction in sleep quality found in those with increased daytime sleeping (H(2) =16.3, p<0.001), and an increase in sleep duration after experiencing symptoms of COVID-19 (H(4) = 2.416, p<0.001). Eighty-one percent (n=348) of participants reported a change in sleep quality and fifty-seven percent (n=216) reported COVID-19 related symptoms were impacting their ability to get out of bed in the morning. Lower sleep quality was positively associated with reports of poor physical health (r=0.42, n=358, p<0.001) and the number of initial symptoms (r=0.35, n=358, p<0.001). Forty-nine percent (n=188) of participants also reported taking longer to fall asleep since experiencing symptoms of COVID-19, with 51% (n=193) sleeping ‘a little less’ or ‘a lot less’ compared with pre-COVID levels. 
3.6 Breathlessness
Fifty-eight percent (n=221) of participants reported symptoms of breathlessness had made them unable to complete their typical activities of daily living compared with pre-COVID-19. Five precent (n=19) of participants reported they were unable to leave the house due to COVID-19 related breathlessness. Thirty-two percent (n=122) and twenty-six percent (n=100) reported being short of breath whilst hurrying or having to stop after short periods of activity, respectively. 
3.7 Physical Activity
Reportedly, the time taken for participants to return to their pre-COVID PA levels ranged from: >5 weeks (81%, n=290), 3-4 weeks (6%, n = 21), 1-2 weeks (6%, n=22), or <1 week (2%, n = 8). However, 64% (n=244) indicated they had still not been able to return at the time of completing the survey, whilst 5% (n=18) were unaffected.
3.8 Mental Health
Due to COVID-19 symptoms, participants felt depressed, anxious, or worried either; ‘all of the time’ (9%, n=33), ‘most of the time’ (27%, n=102), or ‘some of the time’ (57%, n=216), yet 8% (n=30) were reportedly unaffected.
**Figure 2 around here**

4.0 Discussion 
The current study aimed to characterise and quantify the symptom profile of long-COVID patients living in community settings, with a particular focus on characterising the impact upon QoL and activities of daily life. A broad and debilitating symptom profile was observed, which is reflective of prolonged morbidity being reported in the months following a COVID-19 infection, and resultantly has far-reaching health, wellbeing, economical and societal impacts. Our data support existing work in this area, highlighting a range of symptoms and varying prevalence/severity [7,9,12]. We also observed prolonged periods of morbidity and reduced engagement with daily activities, that result in increased sedentary behaviours (as a consequence of symptoms and reduced sleep quality), consequently impairing quality of life. 
For those in employment (n=328), ongoing issues were observed when performing moderate (83%) and vigorous (79%) work- (e.g., manual handling and shift work) and daily life activities (e.g., structured exercise, walking and socialising with friends and family). Moreover, the impact of COVID-19 symptomology and severity on returning to moderate-to-vigorous work activities did not disproportionally affect those with a long-term health condition(s), suggesting the negative effect of long-COVID may influence work performance/physical activities regardless of baseline health status, a finding supported by other work in this area [13]. 
Longitudinal investigations that profile changes in symptomology and develop our understanding of the trajectories towards recovery are needed and must outline the extent to which the chronic effects of long-COVID impact population health, wellbeing and QoL. The growing burden of recovery highlights a clear need to develop efficacious interventions and multi-disciplinary support pathways [15] to support COVID-19 patients living in community settings with prolonged symptom profiles and morbidity. Current estimates indicate 1 in 10 people with COVID-19 will go on to experience long-COVID symptoms [9], highlighting a clear need to understand the determinants of recovery, and to inform the development of bespoke COVID-19 intervention approaches. Conservative estimates highlight ~15 million cases worldwide (as of December 2021), including a substantial number of healthcare workers [16], which will continue to increase due to sustained global transmission [17]. What is clear from the data here and elsewhere[18,19], is that the impacts which extend beyond the health and wellbeing of patients and transcend into societal and economical areas will continue for some time [20] and should undoubtedly be considered an international research priority.
Whilst research into the mechanisms and recovery from COVID-19 and especially, long-COVID is ongoing, the current findings highlight an urgent need for COVID-19 specific rehabilitative strategies [21] and patient support pathways to enable a return to pre-COVID QoL. Data here support previous work that has grouped symptoms to include: cardiovascular, pulmonary and respiratory symptoms, pain, fatigue, general infection symptoms, mental wellbeing, cognitive impairment, sensory impairment, and functional impairment [12]. The increased understanding relating to the interaction between different symptoms (e.g., reduced functional status, physical capacity and fatigue) must be addressed with approaches that are cognisant of COVID-19’s underlying and not yet fully understood complexity [22]. Attempts to support long-COVID patients and address the aforementioned challenges to population health will require complex design approaches to address broad patients’ needs in the context of COVID-19 and future health pandemics. 
Intervention approaches to restore and promote healthy living factors, which are important in chronic illness and healthy living domains [19], are historically constrained by a lack of suitability, scalability and sustainability, due in part to nominal attempts to address complex interactions and encourage cross-disciplinary collaboration [23]. The legacy impacts of COVID-19 and arguably more importantly long-COVID will remain a priority for years to come, but the development of resulting approaches must address the complex and multifactorial issues reported by patients to thwart increasing pressure on local, national, and international health agencies. To be effective, resulting support pathways will undoubtedly be as complex as the symptomology, creating a novel challenge for clinical and non-clinical partners to collaborate effectively in the interest of improved patient outcomes. Adopting an intricate design approach that incorporates all key stakeholders in a whole system approach is imperative to achieve broad widespread patient and population outcomes.  

5.0 Conclusion
The longitudinal impact to which long-COVID affects health and wellbeing is yet to be understood in its entirety, but data here highlights a broad and complex symptom profile that persists in the post-COVID period and reduces QoL. Further work to profile the intricacies of recovery is needed but long-standing morbidity should be addressed with novel COVID-19 specific rehabilitation approaches that are derived from multi-disciplinary collaborations between clinical and non-clinical organisations to restore QoL and achieve widespread population improvements in patient outcomes.  
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Tables:
Table 1: Frequency and change in symptom profile reported by patients from the onset and during recovery from a COVID-19 infection. 
	 
	 
	Initial severity at the acute onset of COVID-19
	Current symptom severity 

	Symptom
	Not at all
	Mild
	Moderate
	Severe
	Critical
	Not at all
	Mild
	Moderate
	Severe
	Critical

	Shortness of breath
	n = 377
	50
	84
	108
	124
	11
	88
	126
	126
	34
	2

	
	%
	13
	22
	28
	32
	2
	23
	33
	33
	9
	1

	Bodily pain
	n = 374
	31
	75
	158
	107
	3
	106
	112
	115
	37
	1

	
	%
	8
	20
	41
	28
	1
	28
	29
	30
	10
	1

	Fatigue or lethargy
	n = 378
	6
	29
	101
	227
	15
	43
	79
	144
	105
	6

	
	%
	2
	8
	27
	60
	4
	11
	21
	38
	28
	2

	Muscle weakness
	n = 374
	39
	78
	157
	93
	7
	96
	120
	114
	38
	1

	
	%
	10
	21
	41
	24
	2
	25
	32
	30
	10
	1

	Chest pain
	n = 374 
	78
	85
	120
	84
	7
	146
	116
	89
	20
	2

	
	%
	21
	22
	32
	22
	2
	38
	30
	23
	5
	1

	Headaches
	n = 373
	36
	81
	116
	133
	7
	109
	131
	87
	42
	1

	
	%
	9
	21
	30
	35
	2
	29
	34
	23
	11
	1

	Sore throat
	n = 371
	100
	125
	91
	51
	4
	238
	88
	35
	5
	-

	
	%
	26
	33
	24
	13
	1
	63
	23
	9
	1
	-

	Diarrhoea
	n = 373
	178
	98
	62
	29
	6
	271
	63
	25
	5
	1

	
	%
	47
	26
	16
	8
	2
	71
	1
	7
	1
	1

	Memory loss
	n = 373
	118
	96
	111
	46
	2
	146
	135
	75
	14
	-

	
	%
	31
	25
	29
	12
	1
	38
	35
	20
	4
	-

	Confusion
	n = 367
	138
	94
	104
	30
	1
	197
	103
	64
	6
	-

	
	%
	36
	25
	27
	8
	1
	52
	27
	17
	2
	-

	Eye Redness
	n = 373
	215
	95
	47
	15
	1
	278
	66
	21
	2
	-

	
	%
	56
	25
	12
	4
	1
	73
	17
	6
	1
	-



Figure Captions: 
Figure 1. The prevalence of symptoms and severity of COVID-19 (A) and long-COVID (B). Note: * indicates P<0.001, ⇩ indicating a reduction in median (IQR). 
Figure 2. The effect of COVID-19 symptoms on completion of daily activities, sleep quality and moderate-vigorous work requirements.
