The effect of uninterrupted and interrupted sitting on vascular function in adults with Long COVID
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Abstract
Acute prolonged sitting increases blood pressure (BP), and arterial stiffness (AS). Both of these may be mitigated via light physical activity (LPA). Whether Long COVID (LC), which partly manifests as vascular sequelae, predisposes a heightened sensitivity to sitting or diminished benefits from its interruption is unknown. The aims of this study were to identify whether individuals with LC: (i) exhibit a worse BP/AS response to uninterrupted sitting, and (ii) a diminished mitigation of BP/AS response to sitting interrupted with LPA, compared to healthy controls.  
30 participants with LC and 15 controls completed two-hours of uninterrupted sitting and sitting interrupted with LPA. Central and peripheral systolic and diastolic BP and carotid-femoral pulse wave velocity (cfPWV) were determined pre and post sitting.
Linear mixed-effects models demonstrated no three-way or two-way interactions for any variable. There was a significant main effect of time, with increases in central systolic  (MD=3.37 mmHg, SE=0.93mmHg, p <0.001) and central diastolic (MD=3.00mmHg, SE=0.58mmHg, p <0.001) BP. cfPWV was not altered in sitting in either group (MD=0.13m/s, SE =0.09m/s, p = 0.170). Uninterrupted sitting increases BP similarly, but AS is unchanged. Interrupting sitting with LPA did not mitigate sitting induced increase in BP regardless of LC diagnosis. 


































Introduction

Long COVID (LC) is a chronic condition driven by persistent inflammation (Raveendran et al., 2021) following acute infection of the SARS-CoV-2 virus, more commonly referred to as COVID-19. The symptoms of LC, notably fatigue (Aiyegbusi et al., 2021), disrupt activities of daily living, including increasing time spent in sedentary behaviours (SB) (Humphreys et al., 2021; Wright et al., 2022) defined as any waking behaviour in a seated, reclined or lying posture and low energy expenditure (Tremblay et al., 2017). Engaging in SBcontributes to a heightened risk of cardiovascular disease and all-cause mortality (Ekelund et al., 2019).

The relationship between SB and cardiovascular risk is partly mediated by the effects of prolonged sitting on blood pressure and arterial stiffness. Meta-analyses of studies involving healthy individuals reported that uninterrupted prolonged sitting of 1 hr can acutely increase blood pressure (BP) and central arterial stiffness (Paterson et al., 2022; Adams et al., 2023). Both elevated BP and AS are strong predictors of future CVD risk (Vlachopoulos et al., 2010; Fuchs & Whelton, 2020). Elevated BP is likely driven by a combination of blood pooling resulting in a reduction in venous return, and an increase in peripheral resistance (Shvartz et al., 1983; Charkoudian & Rabbitts, 2009; Hall et al., 2011; Gordan et al., 2015; Tansey et al., 2019). Arterial function can become impaired (Paterson et al., 2020) as sitting induces a reduction in blood flow and shear stress, subsequently attenuating endothelium-derived vasodilator nitric oxide availability (Stoner et al., 2020; Ogoh, 2023). A reduction in nitric oxide leads to a decrease in arterial elasticity, the reciprocal of arterial stiffness. These disruptions are likely compounded by several detrimental autonomic, hormonal, and metabolic factors (Stoner et al., 2021). While prolonged sitting induces vascular changes in healthy populations (Paterson et al., 2020, 2022), interrupting prolonged sitting periods with light physical activity (LPA) such as walking and simple resistance activities can attenuate impairments in vascular function (Paterson et al., 2020, 2022).

Angiotensin converting enzyme 2 (ACE-2), which plays an important role in cardiovascular function (Beyerstedt et al., 2021), serves as a functional receptor of SARS-CoV-2, and is highly expressed in the epithelium of blood vessels (Guney & Akar, 2021). Downregulation of ACE-2 and inflammatory responses lead to poor vascular health (Santos et al., 2005; Banu et al., 2020), following acute infection (Oikonomou et al., 2022; Jannasz et al., 2023), and in those with LC up to at least 13 months following acute infection (Nandadeva et al., 2023). People with pre-existing poor vascular health, such as those with hypertension, are known to exhibit a heightened vascular response to prolonged sitting (Dempsey et al., 2018). Consequently, it is plausible that individuals with LC may be predisposed to an increased sensitivity to sitting or experience diminished benefits from interrupting prolonged sitting.

The purpose to the present study was to identify whether individuals with LC exhibit: (i) a worse BP or AS response to uninterrupted sitting, and (ii) a diminished mitigation of BP or AS response to sitting interrupted with LPA, compared to healthy controls. 

Methods

This study is reported in accordance with the CONSORT (Consolidated Standards of Reporting Trials) guidelines (CONSORT, 2015). The study received approval from the Health Research Authority (HRA) and Health and Care Research Wales (HCRW), reference 22/SC/0120.


Study Design
This study utilised a mixed-factorial design with two independent groups: individuals with Long COVID (LC) and healthy (non-LC) controls (HC). Each group underwent two experimental conditions—interrupted sitting and uninterrupted sitting—in a randomised order using an online random number generator, where 1 = uninterrupted visit first, 2 = interrupted visit first (https://g.co/kgs/cKfrnjw). Experimental order was concealed to participants until the beginning of their first experimental visit. Repeated measurements were taken at two time points: pre-, and post-condition to assess vascular health and function. Participants attended the laboratory on three separate occasions. The first visit was used for gaining written consent, taking anthropometric measurements, and familiarising participants with the experimental procedures. LC participants were given validated questionnaires to assess health and symptom-related outcomes, and all participants wore an activity monitor for seven days prior to experimental visits. The following two experimental visits were scheduled seven days after the familiarisation session, separated by at least 72 hours (typically 7-days), with a maximum of 30 days between visits. For the experimental visits, participants attended the laboratory following a 3 hour fast (with water permitted), having abstained from caffeine for 12 hours and from engaging in strenuous PA for 24 hours.

Participants
Recruitment occurred through four GP clinics, two LC clinics, and social media advertisements. Medical diagnosis of LC was confirmed via GP letter, identification through GP database or confirmation of attendance to an NHS Long COVID clinic. Eligibility criteria included participants who were non-smokers, free from CVD, diabetes, and without recent positive COVID-19 infection (within the previous six weeks for healthy controls, four weeks for the LC group) identified by polymerase chain reaction (PCR) or lateral flow test. A health history questionnaire was administered to ensure eligibility. Data was collected at the University of Winchester and University of Gloucestershire (UK) within a thermo-neutral exercise physiology laboratory. 

Patient and public involvement and engagement (PPIE)
LC patients and public representatives (n=2) were actively involved in the development of the study design and the preparation of participant information materials (i.e., consent form, participant information sheet). Their feedback ensured the feasibility and appropriateness of the interruption task and ensured study documentation was understandable to a non-specialist audience. 

Familiarisation 
Informed consent was obtained, and participants were familiarised with experimental procedures. Body Mass Index (BMI) was calculated through assessment of height (Seca, 213, Germany) and mass (Seca, Quadra 808, Germany). LC participants completed the COVID-19 symptom score, and EQ-5D-5L (Janssen et al., 2013). These questionnaires identify the type and severity of symptoms displayed by participants and their baseline well-being.

Intervention (uninterrupted sitting; interrupted sitting) 
Uninterrupted Sitting
Participants completed the EQ-5D-5L prior to procedures. Participants were required to lay supine for 15 minutes in accordance with recommended guidelines (Paterson et al., 2023) (Figure 1 – Schematic of procedures). During this time brachial and femoral oscillometric cuffs were placed on the upper left arm and thigh of the participant, and cfPWV was measured. Participants then transitioned to a seated position one step away from the plinth where PWA was taken, and they began their 120-minute sitting period. They remained seated with feet touching the floor and a 90-degree knee angle to minimise muscle contraction for 120 minutes. During the sitting period, participants could watch a low-stimulus documentary or read a book and were provided with a low-fat protein bar (Lean Protein Bar, MyProtein) at the beginning of the session. Participants were instructed to refrain from fidgeting or lower-limb movement. PWA was initially measured 10 minutes into the 120-minute sitting period. At 120 minutes, PWA was repeated in the seated position. Participants then returned to the supine position, and cfPWV was repeated after a further 10 minutes of rest. A researcher remained present throughout to ensure compliance. A telephone call 72 hours post-visit allowed researchers to check participant welfare following their visits. Should symptoms have been exacerbated due to the study, weekly follow up phone calls would have taken place up to 30 days where participants would have been withdrawn (if following experimental visit 1) and their GP contacted. No participant GP were required to be contacted.  

[image: ]
Figure 1 – Schematic of procedures – created with BioRender.com

Interrupted Sitting
The interruption protocol was similar to the aforementioned uninterrupted sitting protocol and the EQ-5D-5L was readministered, however participants took part in 3 x 5-minute bouts of light activity, approximately every 30 minutes during the 120-minute sitting period (Figure 1). Each bout of activity included five sit-to-stands, five bilateral calf raises, and three minutes of self-paced walking. With the latter, participants were asked to walk within the laboratory on a flat surface between two cones 10m apart for up to three minutes.
  
Outcomes

Pulse wave velocity
Pulse Wave Velocity (PWV) is the speed at which the forward pressure wave propagates along the arterial tree. The gold standard for assessing PWV is carotid-femoral PWV (cfPWV), which reflects central (aortic) arterial stiffness (Nagai et al., 1999; Laurent, 2008; Mitchell et al., 2010; Van Bortel et al., 2012). The Sphygmocor XCEL device (AtCor Medical, Sydney, Australia) was used to measure cfPWV according to manufacturer and recommended guidelines (Butlin et al., 2013). A tonometer was placed on the left carotid artery and an oscillometric cuff was placed over the left femoral artery. PWV is calculated by dividing arterial path length by pulse transit time. Arterial path length is measured using the distance from the sternal notch to the top edge of the femoral (thigh) cuff (distal distance), and from the carotid artery to the suprasternal notch (proximal distance). The proximal distance is subtracted from the distal distance to provide the aortic distance. The additional segment of the femoral pulse to the femoral cuff and the calculated transit time for the pulse to travel this distance are subtracted from the PWV equation to allow for an accurate vascular path length. cfPWV were conducted by triplicate as a minimum, and quadruplicate if variability was >0.5m/s (Townsend et al., 2015). The average of the closest two values were used for analysis.


Blood Pressure and Pulse Wave Analysis (PWA)

The SphygmoCor Xcel was used to conduct PWA assessments pre and post 120 min of sitting. The upper arm cuff was initially inflated for approximately 30 s to measure brachial systolic blood pressure (SBP) and diastolic blood pressure (DBP), and then immediately re-inflated to 10 mmHg below DBP to acquire a volumetric displacement signal for 10 s. The brachial waveforms were calibrated using the cuff measured SBP and DBP and mean arterial pressure (MAP) was derived by integrating the area under the curve. A corresponding aortic pressure waveform was generated using a validated transfer function and calibrated using DBP and MAP (Butlin et al., 2012). The aortic waveform was used to derive central: systolic blood pressure (cSBP), diastolic blood pressure (cDBP), mean arterial pressure (MAP), pulse pressure (cPP), augmentation pressure (cAP), augmentation index (AIx), augmentation index normalized to a heart rate of 75 bpm (AIx@75), forward aortic pressure (Pf), backward aortic pressure (Pb) and reflection magnitude (RM) were derived. The Artery Task Force suggest central blood pressure may influenced by respiration by 2-4 mmHg (Sharman et al., 2017). As such, all PWA assessments were conducted in triplicate as a minimum, and quadruplicate if variability in cSBP was >5mmHg. For all PWA variables, the average of the closest two were used for all analyses. Each PWA assessment was separated by a 1-min period.

Habitual Physical Activity 

[bookmark: _Hlk196300853]The ActivPal (activPAL4, Pal Technologies Ltd, Glasgow, United Kingdom) is a valid and reliable tool for measuring SB (Kozey-Keadle et al., 2011). During familiarisation, the ActivPal was placed one-third of the way between the hip and knee of the right thigh and covered in a finger sleeve and water-resistant adhesive (Tegaderm, 3M). This remained on for seven days. Participants were instructed to perform their usual weekly activity and could shower, bathe and swim with the monitor. Data was deemed valid and included in the analysis if a minimum of 5 valid days (including one weekend day) was reached (Aguilar-Farias et al., 2018). Data was analysed using PALanalysis software (Pal Technologies LTD, Glasgow, United Kingdom) to determine step count, activity level (Metabolic equivalents per hour per day (MET·h⁻¹/day), calculated by average MET level per hour x wear time in hours), sedentary time and seated time before being subsequently analysed in Jamovi (Version 2.5). Twenty-nine participants’ data were deemed to be valid. Non-validity was due to equipment error/malfunction.

EQ-5D-5L

The EQ-5D-5L is a validated questionnaire to assess health (Janssen et al., 2013). It evaluates health over five different dimensions; mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension is assessed through a Likert scale detailing five possible answers. The responses can be summarised as a five number string, which is an EQ-5D profile. There are 3,125 possible different profiles, e.g. No problems on any dimension = 11111, unable to/extreme problems on all dimensions = 55555, moderate problems on all dimensions = 33333. The questionnaire includes a visual analogue scale which captures respondents’ overall assessment of their health on a scale from 0 (worst possible health you can imagine) to 100 (best possible health you can imagine).

Sample Size

Using the effect size of d = 0.36, derived from the main effect of change in cfPWV between pre-and post-sitting from previous literature (Credeur et al., 2019) and the maximum chances of type 1 error set at 5 % and power set at 0.95, the number of participants required was 24 LC and 12 HC (n=36). To account for high levels of expected attrition 36 LC and 15 HC participants were recruited, however, only (total) 45 completed all visits. A 2:1 recruitment ratio was adopted to prioritise the investigation of the clinical population. This approach, which is common in clinical research (Peckham et al., 2015) allows for greater exploration of within-group variability, which is a critical consideration in populations with diverse symptom profiles such as Long COVID.

Statistical analysis 

Due to logistical constraints, namely, that a single researcher conducted both data collection and the primary statistical analysis, blinding of the researcher during analysis was not feasible. Descriptive statistics of continuous measures are presented as means and standard deviation unless otherwise stated. Frequency counts and percentages are reported for categorical variables associated with participant demographics. To compare demographic and habitual physical activity outcomes between LC and controls at baseline independent samples t-tests were used. Cohen’s d effect sizes were reported and referred to as small (d = 0.2), moderate (d = 0.5), and large (d = 0.8). Analysis of covariance (ANCOVA) was used to compare baseline vascular measures between LC and controls. BMI was included as a covariate in the ANCOVA models where it was a significant predictor (p < 0.05) due to its influence on haemodynamic variables (Landi et al., 2018). Partial eta squared were reported and effect sizes are referred to as small (ηp2 = 0.01), moderate (ηp2 = 0.06) and large (ηp2 = 0.14). To assess the effect of Condition (continuous sitting vs interrupted sitting), between Groups (LC vs. healthy control), across Time (baseline vs. Post), linear mixed-effects models were used for all vascular outcome measures. Originally, a three-way model was used (Condition x Group x Time). Analyses then included two-way models (Time x Condition; Time x Group) to assess variables. Fixed effects included group, condition and time, which were assessed for main effects and their interactions. Participant ID was included as a random intercept to account for the repeated measures nature of the design. This model allowed all available data to be retained without the need for case-wise deletion, thereby improving efficiency and reducing bias. For cfPWV, AP, AIx and Aix75, MAP was included as a covariate (Stoner et al., 2013, 2014; Townsend et al., 2015). All linear mixed effects data are presented as estimated marginal means and standard error. 

Results

Participant characteristics 

Recruitment occurred between 21/06/2022 and 30/07/2024. An overview of participant recruitment and retention is presented in the flow diagram (Figure S1). Thirty individuals with medically diagnosed LC and fifteen healthy controls were recruited for the study. There were no adverse events for either group. Participants demographics and habitual PA can be found in Table 1. BMI was significantly higher in the LC group (MD = 3.67 kg/m2 p = 0.032, d = 0.705). LC participants had significantly lower levels of habitual PA, demonstrated by reduced steps (MD = 5493 steps, p = <0.001, d = 1.857) and activity level (MD = 2.44 MET·h⁻¹/day, p = <0.001, d = 2.003), and higher sedentary (MD = 131 mins, p = <0.001, d = 1.298) and sitting time (MD = 100 mins, p = 0.008, d = 1.069). Those with LC demonstrated significantly worse perceived health (EQ-5D-5L) compared to the control (MD = 21.25, p <0.001, d = 1.255). The most commonly reported symptoms of those with LC were fatigue (76.6%), trouble concentrating (70%), thinking (70%) and sleeping (60%), and shortness of breath (60%) (Supplementary Figure S2).

Table 1 Means (standard deviation) of participant demographic, habitual physical activity and quality of life data
	
	LC
	HC
	MD
	p
	Effect Size (Cohen’s d)

	N (female)
	30 (23)
	15 (7)
	
	
	

	Age (y)
	52.7 (12.3)
	52.9 (11.2)
	0.17
	0.965
	0.014

	Height (cm)
	168.6 (8.0)
	171.7 (6.4)
	3.17
	0.191
	0.423

	Weight (kg)
	83.3 (20.1)
	75.2 (8.8)
	8.11
	0.144
	0.473

	BMI (kg/m2)
	29.2 (6.1)
	25.5 (3.0)
	3.67
	0.032
	0.705

	Steps (per day)*
	5765.6 (2348.4)
	11258.6 (3667.4)
	5493.00
	<0.001
	1.857

	Sedentary Time (mins)*
	641.2 (85.5)
	535.0 (85.4)
	131.22
	<0.001
	1.298

	Sitting Time (mins)*
	547.0 (99.1)
	446.9 (86.3)
	100.10
	0.008
	1.069

	Activity Level (MET·h⁻¹/day)*
	32.5 (1.0)
	35.1 (1.4)
	2.44
	<0.001
	2.003

	EQ-5D-5L (scored out of 100)
	59.5 (19.7)
	80.8 (8.1)
	21.25
	<0.001
	1.255

	Time since Infection (months)
	27.1 (12.7)
	N/A
	
	
	


BMI; Body Mass Index, MET·h⁻¹/day; metabolic equivalents per hour per day. Bold: Significant difference between groups, LC; Long COVID, HC; Healthy Control. n=45, * = n= 29

Baseline vascular health outcomes between groups are presented in the online only supplementary material (Supplementary Table S3). pDBP (77.7mmHg SE = 1.0 vs 72.8mmHg SE = 1.6 p = 0.019 ηp2  = 0.063), cDBP (78.2mmHg SE = 1.1 vs 73.6mmHg SE = 1.5 p = 0.012 ηp2  = 0.072),  HR (67.6bpm, SE = 1.1 vs 55.9bpm, SE = 1.6 p <0.001, ηp2 = 0.301), MAP (91.5mmHg SE = 1.3 vs 85.8mmHg SE = 1.8, p = 0.013, ηp2 = 0.070) AIx (23.7% SE = 1.5 vs 16.3% SE = 2.2, p = 0.007, ηp2 = 0.080) and AIx75 (19.2% SE = 1.5 vs 9.1% SE = 2.2, p <0.001, ηp2 = 0.136) were significantly higher in the LC group compared to healthy controls.


Effect of prolonged sitting on vascular health

There were no three-way (Time x Condition x Group) or two-way (Time x Condition; Time x Group) interactions for any variable (Table 2; Table S3).

There were main effects of time (Supplementary Table S1), with increases in pSBP (MD = 4.17 mmHg, SE = 1.04 mmHg, p = <0.001), pDBP (MD = 2.93 mmHg, SE = 0.55 mmHg, p = <0.001), cSBP (MD = 3.37 mmHg, SE = 0.93 mmHg, p = <0.001), cDBP (MD = 3.00 mmHg, SE = 0.58 mmHg, p = <0.001), MAP (MD = 2.87 mmHg, SE = 0.74 mmHg, p = <0.001), and Pf (MD = 0.92 mmHg, SE = 0.42 mmHg, p = 0.031). There was a significant decrease in AP (MD = -1.13 mmHg SE = 0.40, p = 0.006), AIx (MD = -3.10 %, SE = 0.89 %, p = <0.001), AIx75 (MD = -3.51 %, SE = 0.92 %, p = <0.001), and RM (MD = -2.08 %, SE = 0.74 %, p = 0.006). There was no time effect for cfPWV (MD = -0.13, SE = 0.09, p = 0.170).


Table 2 Three-way and two-way interactions in response to uninterrupted and interrupted sitting
	Outcome
	Group
	Condition
	
	Time
	
	P Value

	
	
	
	
	Pre
	Post
	
	3-Level
	Time x
Group
	Time x Condition

	
	
	
	
	Mean (SE)
	Mean (SE)
	
	
	
	

	cfPWV*#
	LC
	Un
	
	7.4
	(0.2)
	7.5
	(0.2)
	
	0.535
	0.118
	0.521

	
	
	In
	
	7.3
	(0.2)
	7.6
	(0.2)
	
	
	
	

	
	HC
	Un
	
	7.7
	(0.3)
	7.7
	(0.3)
	
	
	
	

	
	
	In
	
	7.6
	(0.3)
	7.6
	(0.3)
	
	
	
	

	pSBP
	LC
	Un
	
	124.6
	(2.7)
	129.8
	(2.7)
	
	0.713
	0.987
	0.544

	
	
	In
	
	125.5
	(2.7)
	128.6
	(2.7)
	
	
	
	

	
	HC
	Un
	
	117.6
	(3.8)
	122.1
	(3.8)
	
	
	
	

	
	
	In
	
	118.1
	(3.8)
	122.1
	(3.8)
	
	
	
	

	pDBP
	LC
	Un
	
	77.6
	(1.6)
	81.8
	(1.6)
	
	0.579
	0.365
	0.359

	
	
	In
	
	78.7
	(1.6)
	81.3
	(1.6)
	
	
	
	

	
	HC
	Un
	
	72.0
	(2.3)
	74.7
	(2.3)
	
	
	
	

	
	
	In
	
	71.4
	(2.3)
	73.6
	(2.3)
	
	
	
	

	pPP
	LC
	Un
	
	47.0
	(1.6)
	47.7
	(1.6)
	
	0.986
	0.375
	0.957

	
	
	In
	
	45.8
	(1.6)
	46.6
	(1.6)
	
	
	
	

	
	HC
	Un
	
	44.7
	(2.3)
	47.0
	(2.3)
	
	
	
	

	
	
	In
	
	46.3
	(2.3)
	48.7
	(2.3)
	
	
	
	

	cSBP
	LC
	Un
	
	113.7
	(2.5)
	117.9
	(2.5)
	
	0.705
	0.725
	0.400

	
	
	In
	
	115.0
	(2.5)
	116.9
	(2.5)
	
	
	
	

	
	HC
	Un
	
	106.5
	(3.5)
	110.6
	(3.5)
	
	
	
	

	
	
	In
	
	106.9
	(3.5)
	110.2
	(3.5)
	
	
	
	

	cDBP
	LC
	Un
	
	78.1
	(1.6)
	82.5
	(1.6)
	
	0.926
	0.177
	0.356

	
	
	In
	
	79.1
	(1.6)
	82.3
	(1.6)
	
	
	
	

	
	HC
	Un
	
	72.6
	(2.3)
	75.3
	(2.3)
	
	
	
	

	
	
	In
	
	72.3
	(2.3)
	74.0
	(2.3)
	
	
	
	

	cPP
	LC
	Un
	
	35.1
	(1.4)
	35.2
	(1.4)
	
	0.897
	0.155
	0.584

	
	
	In
	
	35.3
	(1.4)
	34.8
	(1.4)
	
	
	
	

	
	HC
	Un
	
	33.1
	(2.1)
	35.5
	(2.1)
	
	
	
	

	
	
	In
	
	34.5
	(2.1)
	35.9
	(2.1)
	
	
	
	


cDBP; central diastolic blood pressure, cPP; central pulse pressure, cSBP; central systolic blood pressure, pDBP; peripheral diastolic blood pressure, LC; Long COVID, HC; Healthy Control, pPP; peripheral pulse pressure, pSBP; peripheral systolic blood pressure, cfPWV; carotid-femoral pulse wave velocity, RM; reflection magnitude. 3-Level: Indicates values for the three-way interaction of Time x Group x Condition. N = 45
* MAP included as covariate
# Data based on n = 40 due to outcome measure validity



Discussion

The present study demonstrates that individuals with Long COVID (LC) exhibit similar vascular responses than that of healthy controls (HC) following acute periods of uninterrupted sitting and light PA is not sufficient to mitigate BP responses to sitting.

Previous research has highlighted persistent endothelial dysfunction and arterial stiffness as consequences of SARS-CoV-2 infection (Oikonomou et al., 2022; Jannasz et al., 2023). Studies have demonstrated increased PWV and reduced flow-mediated dilation (FMD) in individuals with LC, suggesting prolonged vascular impairments (Nandadeva et al., 2023; Mclaughlin et al., 2025). However, the present findings indicate that, at least in response to acute sitting, vascular function in individuals with LC does not appear to be significantly different from that of healthy controls. One possible explanation for this discrepancy is the timeline of vascular recovery post-infection. While early evidence suggested endothelial dysfunction and impaired autonomic regulation in LC patients (Oikonomou et al., 2022; Marques et al., 2023), our findings imply that these impairments may not persist beyond two years post-infection or may not translate to acute challenges such as prolonged sitting. It is also possible that adaptations occur over time, allowing vascular responses to normalise, particularly in individuals without severe ongoing symptoms. Moreover, prolonged SB is known to impair vascular health, particularly by reducing shear stress and nitric oxide availability (Paterson et al., 2020; Pekas et al., 2023). Given that LC is associated with increased SB (Wright et al., 2022), it was plausible that this population would exhibit heightened vulnerability to acute sitting-induced vascular dysfunction. However, our results do not support this hypothesis, suggesting that other compensatory mechanisms may counteract these effects.

Effect of uninterrupted sitting
Sitting periods had no effect on arterial stiffness (AS), which conflicts with current research demonstrating that uninterrupted sitting causes an acute increase in AS. One possible explanation for these contrasting findings is the difference in sitting time. Most acute sitting research typically employs three-hour sitting periods, where responses are likely more pronounced due to factors such as increased venous pooling and the lower metabolic cost of sitting compared to standing or light physical activity, especially over extended durations (Júdice et al., 2016; Paterson et al., 2024). In contrast, two hours is the upper limit of common habitual sitting durations (O’Brien et al., 2022), and was deemed representative and feasible by study PPIE contributors. Our accelerometer data suggests that individuals with Long COVID spent more time in SB than HC’s. As such, it may be that a two-hour sitting period may not represent a meaningful departure from their habitual behaviour, potentially attenuating any physiological response. This interpretation aligns with 
recent work by Paterson (Paterson et al., 2024), suggesting that three hours of sitting may represent a minimal threshold for detecting acute changes in cfPWV.

Acute, prolonged sitting resulted in significant increases in central (Mean difference (SE); cSBP = 3.37mmHg (1.2); cDBP = 3.00mmHg (0.8)) and peripheral blood pressure (pSBP = 4.17mmHg (1.04); pDBP = 2.93mmHg (0.55)), and MAP (2.87mHg (0.74)). These vascular responses were greater than those that have been previously reported (Adams et al., 2023; Paterson et al., 2024). A meta-analysis described modest increases of 0.42 mmHg/h for peripheral systolic and 0.24 mmHg/h for peripheral diastolic pressures during uninterrupted sitting (Adams et al., 2023). Our results indicate over a fivefold greater increase in blood pressure, consistent across both LC and control groups compared to Adams’ review. However, the review does not specify the posture in which haemodynamic measurements were taken, despite posture being a known predictor of blood pressure (Jamieson et al., 1990). Since the studies included in the review report both supine and seated measurements, it is difficult to draw clear conclusions. Additionally, Paterson’s study, for example, which clearly describes supine measures, reported a smaller increase in pSBP after two hours sitting (2.50 ± 1.33 mmHg) compared to our seated blood pressure measurements (Paterson et al., 2024). The difference in posture could have masked a larger change in pressure, as our findings indicated no time effect of blood pressure in the supine position. Research has sought to standardise procedures in sitting studies (Paterson et al., 2023), and measuring blood pressure in a seated position avoids additional orthostatic challenges when moving to a supine position disrupting the results. 

Acute increases in blood pressure are thought to be driven by blood pooling in the lower limbs during sitting. Although this study did not directly measure pooling, several studies have documented increases in calf circumference (Fryer et al., 2021) or changes in gastrocnemius oxygenation (Fryer et al., 2021) as indicators of pooling following sitting periods. This pooling reduces venous return, leading to decreased cardiac output and shear stress, which can contribute to acute endothelial dysfunction and potential aortic stiffening (although not evident in this study), driving an increase in blood pressure. Reduced cardiac output may also lower renal perfusion, stimulating the renin-angiotensin-aldosterone system (RAAS), which further increases blood pressure. Although this increase in BP was observed similarly in both groups, inflammation-related endothelial damage, particularly in LC patients (Bielecka et al., 2024), might exacerbate these effects during longer sitting periods by disrupting the RAAS.

Effect of interrupted sitting
The present study demonstrated no significant three-way (Condition by Group by Time), or two-way interaction for Condition by Time for any variable, suggesting that interrupting sitting with light bouts of movement has no effect on sitting induced haemodynamic changes. While previous research has reported benefits of breaking up prolonged sitting, differences in study design may explain this disparity (Paterson et al., 2022). The frequency, duration, and intensity of movement interruptions are known to influence vascular responses, and it is possible that the specific protocol used (simple resistance activities (calf raises, sit-to-stands) combined with aerobic movement (walking), totalling ~4 minutes per break) was not sufficient to counteract the haemodynamic effects of prolonged sitting in this sample, despite being informed by prior literature and PPIE. Specifically, a greater sitting period or greater LPA was highlighted by PPIE as potentially detrimental for participants. The current sitting time and LPA accurately reflected the literature and patient safety concerns.

A meta-analysis by Paterson et al. (2021) demonstrates that interrupting prolonged sitting, particularly with aerobic activity, has a protective effect against sitting-induced increases in blood pressure, with the greatest benefits observed in protocols featuring frequent, longer (≥5 min), or higher-intensity interruptions. This suggests that while breaking up sitting remains a promising strategy, the magnitude and type of movement required to elicit meaningful vascular benefits may be greater than what was implemented in the present study. Future research should explore whether more prolonged or intense movement breaks, or alternative strategies such as standing desks, could offer more effective countermeasures against the haemodynamic consequences of prolonged sitting.

Implications

The findings suggest that individuals with Long COVID are not disproportionately vulnerable to the acute vascular effects of prolonged sitting compared to controls. This indicates that, in the context of short-term sitting periods, targeted SB interventions may not be necessary for this population. However, the absence of a protective effect from LPA interruptions highlights the potential limitations of low-intensity movement in mitigating sitting-induced increases in blood pressure. Future research should explore longer uninterrupted sitting periods that better reflect habitual SBin individuals with Long COVID, as well as investigate vascular responses in those closer to the acute phase of infection, where pathophysiological changes may be more pronounced.

Strengths and Limitations

The LC group had a higher proportion of female participants (77%) compared to the healthy controls (HC) group (47%). Although the literature suggests a higher incidence of LC in females (Walker et al., 2021; Subramanian et al., 2022), our overall sample had a large percentage of female participants (67%). We did not collect data on menstrual cycle or menopausal status, however existing research indicates that menopausal status does not significantly influence vascular responses to prolonged sitting (Moinuddin et al., 2024). 

Our data reports baseline vascular health, using BMI, a significant predictor of many vascular variables as a covariate. Currently, due to the novel nature of the condition, it is uncertain whether changes to the vascular system are a result of viral infection or deconditioning/long-term increases in SB due to LC. Therefore, it should be noted that raw data demonstrated significantly higher additional blood pressures in those with LC, supportive of current literature (Nandadeva et al., 2023).

Although care was taken to obtain complete datasets, some missing data occurred, primarily related to the use of activity monitors. Specifically, a subset of participants (n=16) did not yield valid activPAL recordings, leading to a reduced sample size for analyses of habitual activity. Missing data were predominantly due to device malfunction. In addition, five participants were excluded from cfPWV analysis due to an inability to obtain valid measures using the SphygmoCor XCEL device. These occurrences are recognised limitations when working with operator dependent assessments in clinical populations and should be considered when interpreting the findings.

Conclusion

The present study demonstrates that individuals with Long COVID (LC) exhibit similar vascular responses to prolonged uninterrupted sitting which increases similarly, however, AS in unchanged. Interrupting sitting with LPA did not mitigate sitting induced increases in BP regardless of LC diagnosis. The findings suggest that individuals with Long COVID are not disproportionately vulnerable to the acute vascular effects of prolonged sitting compared to controls.
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Figure S1: CONSORT 2025 Flow Diagram
Flow diagram of the progress through the phases of a randomised trial of two groups (that is, enrolment, intervention allocation, follow-up, and data analysis) 








Table S1 Seated main effect of time. Data are reported as means and standard error in response to prolonged sitting 
	[bookmark: _Hlk193790338]Measure
	10 min
	120 min
	MD (SE)
	Main effect Time
p

	pSBP (mmHg)
	121.5 (2.2)
	125.6 (2.2)
	4.17 (1.04)
	<0.001

	pDBP (mmHg)
	74.9 (1.3)
	77.9 (1.3)
	2.93 (0.55)
	<0.001

	pPP (mmHg)
	45.9 (1.3)
	47.5 (1.3)
	1.58 (0.92)
	0.087

	cSBP (mmHg)
	110.5 (2.0)
	113.9 (2.0)
	3.37 (0.93)
	<0.001

	cDBP (mmHg)
	75.3 (1.4)
	78.5 (1.4)
	3.00 (0.58)
	<0.001

	cPP (mmHg)
	35.1 (1.3)
	34.7 (1.8)
	0.85 (0.74)
	0.253

	AP (mmHg)*
	8.0 (0.8)
	6.9 (0.8)
	-1.13 (0.40)
	0.006

	AIx (%)*
	20.8 (1.8)
	17.7 (1.7)
	-3.10 (0.89)
	<0.001

	AIx75 (%)*
	14.8 (1.7)
	11.3 (1.6)
	-3.51 (0.92)
	<0.001

	HR (bpm)
	61.8 (1.4)
	61.5 (1.4)
	-0.25 (0.76)
	0.738

	MAP (mmHg)
	88.1 (1.6)
	91.00 (1.6)
	2.87 (0.74)
	<0.001

	Pf (mmHg)
	24.3 (0.7)
	25.2 (0.7)
	0.92 (0.42)
	0.031

	Pb (mmHg)
	14.5 (0.6)
	14.5 (0.6)
	0.02 (0.34)
	0.961

	RM (%)
	59.9 (1.5)
	57.8 (1.5)
	-2.08 (0.74)
	0.006


Measures of Pulse Wave Analysis at 10 min and 120 min. Measures recorded in the seated position. Analysis is irrespective of group or condition. AIx; augmentation index, AIx75; augmentation index normalised to HR 75bpm; AP; augmentation pressure, cDBP; central diastolic blood pressure, cPP; central pulse pressure, HR; Heart rate, Pb; reflected wave component, pDBP; peripheral diastolic blood pressure, Pf; forward wave component, pPP; peripheral pulse pressure, pSBP; peripheral systolic blood pressure, RM; reflection magnitude. Bonferroni post hoc analysis used to identify statistical significant between groups. n=45
Bonferroni post hoc analysis used to identify statistical significant between groups. Bold indicates p  0.05
* MAP included as covariate








Table S2 ANCOVA means for Group Differences in vascular measures at baseline
	
	LC (Means/SE)
	HC (Means/SE)
	p
	Effect Size 
ηp2

	cfPWV (m/s-1)#
	7.5 (0.2)
	7.4 (0.3)
	0.761
	0.001

	pSBP (mmHg)*
	125.7 (1.7)
	123.0 (2.4)
	0.341
	0.011

	pDBP (mmHg)*
	77.7 (1.0)
	72.8 (1.5)
	<0.012
	0.072

	pPP (mmHg)*
	45.5 (1.1)
	47.4 (1.5)
	0.287
	0.013

	cSBP (mmHg)*
	113.2 (1.6)
	109.3 (2.2)
	0.164
	0.023

	cDBP (mmHg)*
	78.2 (1.1)
	73.6 (1.6)
	0.019
	0.063

	cPP (mmHg)*
	34.5 (0.9)
	35.3 (1.3)
	0.639
	0.003

	AP (mmHg)*
	8.5 (0.7)
	6.6 (1.1)
	0.145
	0.024

	AIx (%)
	23.7 (1.5)
	16.3 (2.2)
	0.007
	0.080

	AIx75 (%)*
	19.2 (1.5)
	9.1 (2.2)
	<0.001
	0.136

	MAP (mmHg)*
	91.5 (1.3)
	85.8 (1.8)
	0.013
	0.070

	HR (mmHg)
	67.6 (1.1)
	55.9 (1.6)
	<0.001
	0.301

	Pf (mmHg)*
	24.8 (0.5)
	24.4 (0.8)
	0.686
	0.002

	Pb (mmHg)*
	14.7 (0.4)
	14.5 (0.6)
	0.779
	0.001

	RM (%)
	60.4 (1.3)
	59.4 (1.9)
	0.657
	0.002


AIx; augmentation index, AIx75; augmentation index normalised to HR 75bpm; AP; augmentation pressure, cDBP; central diastolic blood pressure, cPP; central pulse pressure, Pb; reflected wave component, pDBP; peripheral diastolic blood pressure, Pf; forward wave component, pPP; peripheral pulse pressure, pSBP; peripheral systolic blood pressure, cfPWV; carotid-femoral pulse wave velocity, RM; reflection magnitude, LC; Long COVID, HC; Healthy Control. Bonferroni post hoc analysis used to identify statistical significance between groups. n=45
Bold: Significant difference between groups
* BMI used as a covariate
# data based on n = 40 due to outcome measure validity
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Table S3 Three-way and two-way interactions in response to uninterrupted and interrupted sitting for vascular variables
	Outcome
	Group
	Condition
	 
	Time
	 
	P Value

	
	
	
	 
	Pre
	Post
	 
	3-Level
	Time x 
Group
	Time x Condition

	
	
	
	 
	Mean (SE)
	Mean (SE)
	 
	
	
	

	AP*
	LC
	Un
	 
	8.1
	(1.0)
	6.8
	(1.0)
	 
	0.330
	0.071
	0.874

	
	
	In
	 
	9.1
	(1.0)
	6.8
	(1.0)
	 
	
	
	

	
	HC
	Un
	 
	7.3
	(1.4)
	6.6
	(1.4)
	 
	
	
	

	
	
	In
	 
	7.6
	(1.4)
	7.5
	(1.4)
	 
	
	
	

	MAP
	LC
	Un
	 
	91.7
	(2.0)
	96.1
	(2.0)
	 
	0.633
	0.416
	0.404

	
	
	In
	 
	92.8
	(2.0)
	95.3
	(2.0)
	 
	
	
	

	
	HC
	Un
	 
	84.0
	(2.8)
	86.5
	(2.8)
	 
	
	
	

	
	
	In
	 
	84.0
	(2.8)
	86.0
	(2.8)
	 
	
	
	

	AIx*
	LC
	Un
	 
	21.7
	(2.1)
	18.6
	(2.2)
	 
	0.186
	0.106
	0.752

	
	
	In
	 
	24.9
	(2.1)
	19.1
	(2.1)
	 
	
	
	

	
	HC
	Un
	 
	18.8
	(3.1)
	16.2
	(3.0)
	 
	
	
	

	
	
	In
	 
	17.9
	(3.1)
	17.0
	(3.0)
	 
	
	
	

	Aix75*
	LC
	Un
	 
	17.8
	(2.0)
	15.3
	(2.1)
	 
	0.060
	0.247
	0.679

	
	
	In
	 
	21.6
	(2.0)
	15.0
	(2.1)
	 
	
	
	

	
	HC
	Un
	 
	10.7
	(2.9)
	7.0
	(2.9)
	 
	
	
	

	
	
	In
	 
	9.2
	(2.9)
	8.0
	(2.9)
	 
	
	
	

	HR
	LC
	Un
	 
	66.9
	(1.7)
	68.0
	(1.7)
	 
	0.65
	0.747
	0.373

	
	
	In
	 
	68.3
	(1.7)
	67.3
	(1.7)
	 
	
	
	

	
	HC
	Un
	 
	55.6
	(2.4)
	55.4
	(2.4)
	 
	
	
	

	
	
	In
	 
	56.3
	(2.4)
	55.5
	(2.4)
	 
	
	
	

	Pf
	LC
	Un
	 
	24.8
	(0.9)
	25.6
	(0.9)
	 
	0.449
	0.276
	0.992

	
	
	In
	 
	25.8
	(0.9)
	25.9
	(0.9)
	 
	
	
	

	
	HC
	Un
	 
	23.2
	(1.2)
	24.3
	(1.2)
	 
	
	
	

	
	
	In
	 
	23.5
	(1.2)
	25.2
	(1.2)
	 
	
	
	

	Pb
	LC
	Un
	 
	14.9
	(0.7)
	14.9
	(0.7)
	 
	0.731
	0.694
	0.922

	
	
	In
	 
	15.0
	(0.7)
	14.8
	(0.7)
	 
	
	
	

	
	HC
	Un
	 
	13.9
	(1.0)
	13.9
	(1.0)
	 
	
	
	

	
	
	In
	 
	14.0
	(1.0)
	14.3
	(1.0)
	 
	
	
	

	RM
	LC
	Un
	 
	61.1
	(1.9)
	58.1
	(1.9)
	 
	0.353
	0.440
	0.712

	
	
	In
	
	59.7
	(1.9)
	57.5
	(1.9)
	
	
	
	

	
	HC
	Un
	
	59.9
	(2.7)
	59.4
	(2.7)
	
	
	
	

	
	
	In
	
	58.9
	(2.7)
	56.4
	(2.7)
	
	
	
	



AIx; augmentation index, AIx75; augmentation index normalised to HR 75bpm; AP; augmentation pressure, Pb; reflected wave component, , LC; Long COVID, HC; Healthy Control, Pf; forward wave component, cfPWV; carotid-femoral pulse wave velocity, RM; reflection magnitude. 3-Level: Indicates values for the three-way interaction of Time x Group x Condition. N = 45
* MAP included as covariate


References 
Adams N, Paterson C, Poles J, Higgins S & Stoner L (2023). The Effect of Sitting Duration on Peripheral Blood Pressure Responses to Prolonged Sitting, With and Without Interruption: A Systematic Review and Meta-Analysis. Sports Medicine; DOI: 10.1007/s40279-023-01915-z.
Aguilar-Farias N, Martino Fuentealba P, Salom-Díaz N & Brown W (2018). How many days are enough for measuring weekly activity behaviours with the ActivPAL in adults? Journal of Science and Medicine in Sport; DOI: 10.1016/j.jsams.2018.12.004.
Aiyegbusi OL, Hughes SE, Turner G, Rivera SC, McMullan C, Chandan JS, Haroon S, Price G, Davies EH, Nirantharakumar K, Sapey E & Calvert MJ (2021). Symptoms, complications and management of long COVID: a review. J R Soc Med 114, 428–442.
Banu N, Panikar SS, Leal LR & Leal AR (2020). Protective role of ACE2 and its downregulation in SARS-CoV-2 infection leading to Macrophage Activation Syndrome: Therapeutic implications. Life Sci 256, 117905.
Beyerstedt S, Casaro EB & Rangel ÉB (2021). COVID-19: angiotensin-converting enzyme 2 (ACE2) expression and tissue susceptibility to SARS-CoV-2 infection. Eur J Clin Microbiol Infect Dis 40, 905–919.
Bielecka E, Sielatycki P, Pietraszko P, Zapora-Kurel A & Zbroch E (2024). Elevated Arterial Blood Pressure as a Delayed Complication Following COVID-19—A Narrative Review. International Journal of Molecular Sciences 25, 1837.
Butlin M, Qasem A & Avolio AP (2012). Estimation of central aortic pressure waveform features derived from the brachial cuff volume displacement waveform. Annu Int Conf IEEE Eng Med Biol Soc 2012, 2591–2594.
Butlin M, Qasem A, Battista F, Bozec E, McEniery CM, Millet-Amaury E, Pucci G, Wilkinson IB, Schillaci G, Boutouyrie P & Avolio AP (2013). Carotid-femoral pulse wave velocity assessment using novel cuff-based techniques: comparison with tonometric measurement. J Hypertens 31, 2237–2243; discussion 2243.
Charkoudian N & Rabbitts JA (2009). Sympathetic Neural Mechanisms in Human Cardiovascular Health and Disease. Mayo Clinic Proceedings 84, 822.
Credeur DP, Miller SM, Jones R, Stoner L, Dolbow DR, Fryer SM, Stone K & McCoy SM (2019). Impact of Prolonged Sitting on Peripheral and Central Vascular Health. The American Journal of Cardiology 123, 260–266.
Dempsey PC, Larsen RN, Dunstan DW, Owen N & Kingwell BA (2018). Sitting Less and Moving More. Hypertension 72, 1037–1046.
Ekelund U, Brown WJ, Steene-Johannessen J, Fagerland MW, Owen N, Powell KE, Bauman AE & Lee I-M (2019). Do the associations of sedentary behaviour with cardiovascular disease mortality and cancer mortality differ by physical activity level? A systematic review and harmonised meta-analysis of data from 850 060 participants. Br J Sports Med 53, 886–894.
Fryer S, Stone K, Paterson C, Brown M, Faulkner J, Lambrick D, Credeur D, Zieff G, Martínez Aguirre-Betolaza A & Stoner L (2021). Central and peripheral arterial stiffness responses to uninterrupted prolonged sitting combined with a high-fat meal: a randomized controlled crossover trial. Hypertens Res 44, 1332–1340.
Fuchs FD & Whelton PK (2020). High Blood Pressure and Cardiovascular Disease. Hypertension 75, 285–292.
Gordan R, Gwathmey JK & Xie L-H (2015). Autonomic and endocrine control of cardiovascular function. World J Cardiol 7, 204–214.
Guney C & Akar F (2021). Epithelial and Endothelial Expressions of ACE2: SARS-CoV-2 Entry Routes. J Pharm Pharm Sci 24, 84–93.
Hall JE, Hall JE & Guyton AC (2011). Guyton and Hall textbook of medical physiology: Student consult. Activate at studentconsult.com. Searchable full text online, 12. ed. Saunders, Elsevier, Philadelphia, Pa.
Humphreys H, Kilby L, Kudiersky N & Copeland R (2021). Long COVID and the role of physical activity: a qualitative study. BMJ Open 11, e047632.
Jamieson MJ, Webster J, Philips S, Jeffers TA, Scott AK, Robb OJ, Lovell HG & Petrie JC (1990). The measurement of blood pressure: sitting or supine, once or twice? Journal of Hypertension 8, 635.
Jannasz I, Pruc M, Rahnama-Hezavah M, Targowski T, Olszewski R, Feduniw S, Petryka K & Szarpak L (2023). The Impact of COVID-19 on Carotid-Femoral Pulse Wave Velocity: A Systematic Review and Meta-Analysis. J Clin Med 12, 5747.
Janssen MF, Pickard AS, Golicki D, Gudex C, Niewada M, Scalone L, Swinburn P & Busschbach J (2013). Measurement properties of the EQ-5D-5L compared to the EQ-5D-3L across eight patient groups: a multi-country study. Qual Life Res 22, 1717–1727.
Júdice PB, Hamilton MT, Sardinha LB, Zderic TW & Silva AM (2016). What is the metabolic and energy cost of sitting, standing and sit/stand transitions? Eur J Appl Physiol 116, 263–273.
Kozey-Keadle S, Libertine A, Lyden K, Staudenmayer J & Freedson PS (2011). Validation of Wearable Monitors for Assessing Sedentary Behavior. Medicine & Science in Sports & Exercise 43, 1561–1567.
Landi F, Calvani R, Picca A, Tosato M, Martone AM, Ortolani E, Sisto A, D’Angelo E, Serafini E, Desideri G, Fuga MT & Marzetti E (2018). Body Mass Index is Strongly Associated with Hypertension: Results from the Longevity Check-Up 7+ Study. Nutrients 10, 1976.
Laurent S (2008). Aortic, carotid and femoral stiffness: how do they relate? Towards reference values. Journal of Hypertension 26, 1305.
Marques KC, Quaresma JAS & Falcão LFM (2023). Cardiovascular autonomic dysfunction in “Long COVID”: pathophysiology, heart rate variability, and inflammatory markers. Front Cardiovasc Med 10, 1256512.
Mclaughlin M, Sanal-Hayes NEM, Hayes LD, Berry EC & Sculthorpe NF (2025). People with Long COVID and Myalgic Encephalomyelitis/Chronic Fatigue Syndrome Exhibit Similarly Impaired Vascular Function. The American Journal of Medicine 138, 560–566.
Mitchell GF, Hwang S-J, Vasan RS, Larson MG, Pencina MJ, Hamburg NM, Vita JA, Levy D & Benjamin EJ (2010). Arterial Stiffness and Cardiovascular Events. Circulation 121, 505–511.
Moinuddin A, Stone K, Turner L, Paterson C, Hall N, Daykin A, Lucas S, Faulkner J & Fryer S (2024). The impact of uninterrupted sitting on central and peripheral cardiovascular function in pre-menopausal and post-menopausal women. Eur J Appl Physiol 124, 3021–3029.
Nagai Y, Fleg JL, Kemper MK, Rywik TM, Earley CJ & Metter EJ (1999). Carotid arterial stiffness as a surrogate for aortic stiffness: relationship between carotid artery pressure–strain elastic modulus and aortic pulse wave velocity. Ultrasound in Medicine & Biology 25, 181–188.
Nandadeva D, Skow RJ, Stephens BY, Grotle A-K, Georgoudiou S, Barshikar S, Seo Y & Fadel PJ (2023). Cardiovascular and cerebral vascular health in females with postacute sequelae of COVID-19. American Journal of Physiology-Heart and Circulatory Physiology 324, H713–H720.
O’Brien MW, Wu Y, Petterson JL, Frayne RJ & Kimmerly DS (2022). Ecological Validity of Prolonged Sitting Studies: How Well Do They Represent Real-Life Sedentary Patterns? A Pilot Study. Translational Journal of the American College of Sports Medicine 7, e000182.
Ogoh S (2023). Acute and Chronic Effect of Physiological Factors on Arterial Stiffness. J Clin Med 12, 3044.
Oikonomou E, Souvaliotis N, Lampsas S, Siasos G, Poulakou G, Theofilis P, Papaioannou TG, Haidich A-B, Tsaousi G, Ntousopoulos V, Sakka V, Charalambous G, Rapti V, Raftopoulou S, Syrigos K, Tsioufis C, Tousoulis D & Vavuranakis M (2022). Endothelial dysfunction in acute and long standing COVID−19: A prospective cohort study. Vascular Pharmacology 144, 106975.
Paterson C, Fryer S, Stone K, Zieff G, Turner L & Stoner L (2022). The Effects of Acute Exposure to Prolonged Sitting, with and Without Interruption, on Peripheral Blood Pressure Among Adults: A Systematic Review and Meta-Analysis. Sports Med 52, 1369–1383.
Paterson C, Fryer S, Zieff G, Stone K, Credeur DP, Barone Gibbs B, Padilla J, Parker JK & Stoner L (2020). The Effects of Acute Exposure to Prolonged Sitting, With and Without Interruption, on Vascular Function Among Adults: A Meta-analysis. Sports Med 50, 1929–1942.
Paterson C, Higgins S, Sikk M, Stone K, Fryer S & Stoner L (2023). Acute sedentary behavior and cardiovascular disease research: standardizing the methodological posture. American Journal of Physiology-Heart and Circulatory Physiology 324, H122–H125.
Paterson C, Stone K, Turner L, Moinuddin A, Stoner L & Fryer S (2024). The effect of cardiorespiratory fitness and habitual physical activity on cardiovascular responses to 2 h of uninterrupted sitting. Journal of Applied Physiology 136, 1087–1096.
Peckham E, Brabyn S, Cook L, Devlin T, Dumville J & Torgerson DJ (2015). The use of unequal randomisation in clinical trials — An update. Contemporary Clinical Trials 45, 113–122.
Pekas EJ, Allen MF & Park S-Y (2023). Prolonged sitting and peripheral vascular function: potential mechanisms and methodological considerations. Journal of Applied Physiology 134, 810–822.
Raveendran AV, Jayadevan R & Sashidharan S (2021). Long COVID: An overview. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15, 869–875.
Santos RAS, Ferreira AJ, Pinheiro SVB, Sampaio WO, Touyz R & Campagnole-Santos MJ (2005). Angiotensin-(1-7) and its receptor as a potential targets for new cardiovascular drugs. Expert Opin Investig Drugs 14, 1019–1031.
Sharman JE et al. (2017). Validation of non-invasive central blood pressure devices: ARTERY Society task force consensus statement on protocol standardization. Eur Heart J 38, 2805–2812.
Shvartz E, Gaume JG, White RT & Reibold RC (1983). Hemodynamic responses during prolonged sitting. Journal of Applied Physiology 54, 1673–1680.
Stoner L, Faulkner J, Lowe A, Lambrick DM, Young JM, Love R & Rowlands DS (2014). Should the Augmentation Index be Normalized to Heart Rate? Journal of Atherosclerosis and Thrombosis 21, 11–16.
Stoner L, Gibbs B, Meyer M, Fryer S, Credeur D, Paterson C, Stone K, Hanson E, Kowalsky R, Horiuchi M, Mack C & Dave G (2021). A Primer on Repeated Sitting Exposure and the Cardiovascular System: Considerations for Study Design, Analysis, Interpretation, and Translation. Frontiers in Cardiovascular Medicine; DOI: 10.3389/fcvm.2021.716938.
Stoner L, Lambrick DM, Faulkner J & Young J (2013). Guidelines for the Use of Pulse Wave Analysis in Adults and Children. JAT 20, 404–406.
Stoner L, Stone K, Zieff G, Blackwell J, Diana J, Credeur DP, Paterson C & Fryer S (2020). Endothelium function dependence of acute changes in pulse wave velocity and flow-mediated slowing. Vasc Med 25, 419–426.
Subramanian A et al. (2022). Symptoms and risk factors for long COVID in non-hospitalized adults. Nat Med 28, 1706–1714.
Tansey EA, Montgomery LEA, Quinn JG, Roe SM & Johnson CD (2019). Understanding basic vein physiology and venous blood pressure through simple physical assessments. Advances in Physiology Education 43, 423–429.
Townsend RR, Wilkinson IB, Schiffrin EL, Avolio AP, Chirinos JA, Cockcroft JR, Heffernan KS, Lakatta EG, McEniery C, Mitchell GF, Najjar SS, Nichols WW, Urbina EM & Weber T (2015). Recommendations for Improving and Standardizing Vascular Research on Arterial Stiffness. Hypertension 66, 698–722.
Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, Chastin SFM, Altenburg TM & Chinapaw MJM (2017). Sedentary Behavior Research Network (SBRN) – Terminology Consensus Project process and outcome. Int J Behav Nutr Phys Act 14, 75.
Van Bortel LM, Laurent S, Boutouyrie P, Chowienczyk P, Cruickshank JK, De Backer T, Filipovsky J, Huybrechts S, Mattace-Raso FUS, Protogerou AD, Schillaci G, Segers P, Vermeersch S, Weber T & on behalf of the Artery Society  the ES of HWG on VS and F and the EN for N (2012). Expert consensus document on the measurement of aortic stiffness in daily practice using carotid-femoral pulse wave velocity. Journal of Hypertension 30, 445.
Vlachopoulos C, Aznaouridis K & Stefanadis C (2010). Prediction of Cardiovascular Events and All-Cause Mortality With Arterial Stiffness: A Systematic Review and Meta-Analysis. Journal of the American College of Cardiology 55, 1318–1327.
Walker AJ et al. (2021). Clinical coding of long COVID in English primary care: a federated analysis of 58 million patient records in situ using OpenSAFELY. Br J Gen Pract 71, e806–e814.
Wright J, Astill SL & Sivan M (2022). The Relationship between Physical Activity and Long COVID: A Cross-Sectional Study. International Journal of Environmental Research and Public Health 19, 5093.












Data Availability Statement:
 
The data that support the findings of this study are available as supporting information in the online version of the article. The data can be accessed at [Link to be included]

Competing Interests

The authors declare that they have no conflict of interest.

Funding

This research was supported by the University of Winchester Research and Innovation fund.



1

image1.png
( -15min 0 min 10 min 120 min — 10 min— )

.\ ([ ] ([ ] .\
Uninterrupted E cfPWV .&JQ ILJi.;Q PWA .IEJ.Q lLJi.,Q

Interrupted 5 lLJi';Q LL_I? 7( ﬂ ﬂ .Lkl_’J.Q .LJL.,Q





image2.png
Assessed for eligibility (n=113)

Excluded (n= 62)
Not meeting inclusion criteria (n=5)

Em— Declined to participate (n= 8)

Other reasons (n=49)

Randomised (n=51)

|

l [ towion ] }

Allocated to intervention (n= 36)
Received allocated intervention (n= 30)
Did not receive allocated intervention (symptom
exacerbation/feeling too unwell) (n= 6)

Allocated to intervention (n= 15)
Received allocated intervention (n= 15)
Did not receive allocated intervention
(give reasons) (n=0)

Follow-Up l

Discontinued intervention (give reasons) (n= 0)

Lost to follow-up for primary outcome (give reasons)
(n=0):

Discontinued intervention (give reasons) (n=0)

Lost to follow-up for primary outcome (give
reasons) (n=0):

l § Analysis J;

Analysed for primary outcome (n= 25)

Excluded from analysis (unable to obtain valid
measure) (n= 5)

Analysed for primary outcome (n=15)

Excluded from analysis (give reasons) (n= 0)





image3.png
Symptom

Symptom Severity Distribution (Count)

Vomiting

Trouble Thinking

%

Trouble Sleeping

Trouble Concentrating

Sweating

Stomach Pain

Shortness Breath

0 = Symptom not present

Nausea
. 1 = Minor
2 = Moderate
PP 3 = Severe
Diarrhoea l ‘

Coughing Up Phlegm Sputum

Coughing Blood

Coughing

’o
R
o L

Chills

Chest Pain

OI




