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Abstract 

Background  Long COVID is suggested to be present in 14 to 43% of COVID 19-survivors. Literature on this new 
condition states a need for a multidisciplinary approach including physical exercise and nutrition. The aim of the cur-
rent pilot study is to investigate the feasibility of the proposed protocol to prepare for a randomized controlled study 
that addresses the effectiveness of a personalized multimodal treatment compared to standard physiotherapy.

Methods  This is a protocol of the UNLOCK (Nutrition and LOComotoric rehabilitation in long COVID) study, a prag-
matic, single center, randomized controlled pilot trial with two groups. Patients with persisting symptoms related 
to a SARS-CoV-2 infection will receive either standard physiotherapy or a personalized multimodal treatment 
for a period of 12 weeks, consisting of individualized physical exercise program combined with individualized nutri-
tional therapy. They will be followed-up at 6, 12, and 18 weeks after randomization.

Discussion  A multidisciplinary approach for dealing with long COVID is needed. Because of the lack of clear data 
and the fact that this is a very heterogenic group, we aim to prepare and optimize a randomized controlled study 
that addresses the effectiveness of a personalized multimodal treatment.

Trial registration  ClinicalTrials.gov Identifier: NCT05254301 (since February 24, 2022).
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Background
The rapid spread of SARS-CoV-2 virus has already led to 
more than 767 million confirmed cases including over 
6.9 million deaths worldwide as of 28 June 2023 [1]. The 
acute phase of infection resulted in variable clinical pres-
entations, from asymptomatic to severe illness requiring 
admission at an intensive care unit. Now we are facing 
the challenge of long COVID (aka post COVID-19 syn-
drome). According to the World Health Organization 
(WHO), this condition occurs in individuals with a his-
tory of probable or confirmed 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 [2]. Recent meta-
analysis suggests a global prevalence of 43% with higher 
risk if the patient was hospitalized compared to non-hos-
pitalized, respectively 54% and 34% [3]. The most com-
mon complaints are fatigue, headache, attention disorder 
(‘brain fog’), hair loss and dyspnea. Otherwise, exertional 
intolerance/post-exertional malaise is frequently seen 
next to other persistent symptoms [3, 4]. Altogether, 
these complaints have an impact on the physical, cogni-
tive and mental functioning and lead to reduced auton-
omy and quality of life [5]. One research group showed 
that 2  years post infection, the burden of symptomatic 
sequelae remained high, and COVID-survivors had 
lower health status than the general population [6]. How 
to deal with this new health condition is still a matter of 
debate and research on the treatment options are ongo-
ing. Many interventions are based on research performed 
in patients presenting similar difficulties but caused by 
other diseases (e.g., COPD, cancer rehabilitation, chronic 
fatigue syndrome…) [7, 8]. In this regard, the most recent 
WHO guideline on the clinical management of COVID-
19 recognizes that this multisystem disease may require 
multidisciplinary rehabilitation [9]. Besides the ‘physi-
cal’ problems, most patients show some degree of weight 
loss, muscle wasting, and malnutrition. Reduced food 
intake, loss of appetite, COVID-19-related loss of taste 
and smell, fever, inflammation, higher catabolism, endo-
crine dysfunction, and immobilization can all cause 
weight loss and associated malnutrition during the acute 
phase of the disease. Additionally, small percentages of 
long COVID patients suffer from gastro-intestinal symp-
toms such as nausea, vomiting, diarrhea, or other symp-
toms that limit their food intake, such as loss of smell and 
taste, even 2 years after the SARS-CoV-2 infection [10]. 
Three studies showed a frequency between 29 and 52% of 
weight loss of ≥ 5% during hospitalisation, which together 
with impaired functional status and inflammation is 
indicative of cachexia [11–14]. A systematic review and 
meta-analysis of 5407 COVID-19 patients showed a 
pooled prevalence of 48% for sarcopenia, characterized 

by low skeletal muscle mass and reduced strength. 
Another systematic review and meta-analysis studied the 
prevalence of body composition abnormalities in 30 stud-
ies and found a prevalence of high visceral adipose tissue 
(VAT) of 16.1%, 75% of COVID-19 patients had high sub-
cutaneous adipose tissue (SAT) and 31.5% to 50.3% had a 
high VAT:SAT ratio [15]. When Bio-electrical Impedance 
Analysis (BIA) was performed, 50.9% of patients showed 
a high fat mass percentage [16].

Consequently, the combination of low muscle mass and 
excess adipose tissue should be targeted as a treatment 
point of engagement. Indeed, nutritional interventions 
to counter cachexia in patients with different medical 
conditions vary and require specific attention points and 
targets. As proven by the plethora of guidelines from the 
European Society of Clinical Nutrition and Metabolism 
(ESPEN), guidance of patients is key to achieve well-
defined endpoints, but multiple clinical challenges exist 
in different disease types [17]. Moreover, as shown in 
previous work, the combination of physical therapy and 
nutrition is well known in the treatment of low muscle 
mass in cancer [18].

Our hypothesis is that an individualized nutritional 
therapy, combined with individualized physical reha-
bilitation program may lead to a faster improvement of 
functional performance compared to a standard physi-
otherapy program in patients suffering from long-term 
effects of COVID-19. Before running a large randomized 
controlled trial, it seems necessary to perform a pilot 
study that assesses the feasibility of the proposed inter-
vention and to recruit patients for such trial. Main focus 
in term of feasibility will be the study burden on the par-
ticipant and the recruitment rates. Second, the gathered 
results could help us in understanding how long COVID 
impacts daily life and the ability to recover through mul-
tidisciplinary personalised treatment. This data would 
allow us to better calculate the effect sizes required for 
sample size estimation. The findings of this pilot study 
will help us decide about proceeding to a future definitive 
randomized controlled trial (RCT).

Methods/design
Aim and trial design
The aim with the present protocol is to prepare a larger-
scaled RCT that addresses the effectiveness of a person-
alized multimodal treatment (PMT). This pilot will offer 
us necessary information on the feasibility of the future 
experiment.

The UNLOCK trial will investigate whether a PMT, 
consisting of individualized physiotherapy and nutri-
tional therapy, is able to improve functional performance 
recovery faster than standard physiotherapy alone. This 
trial is a pragmatic, single-center, randomized controlled 
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pilot study with 2 parallel groups: standard physiotherapy 
and the PMT. The trial will be performed at Universitair 
Ziekenhuis Brussel, Brussels, Belgium, and conducted in 
accordance with the Declaration of Helsinki.

The protocol conforms to the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) 
guidelines.

Patient involvement and ethical considerations
The protocol with all proposed assessments is discussed 
with our Patient Advisory Board.  It is also approved by 
the Medical Ethics Committee of UZ Brussel/Vrije Uni-
versiteit Brussel (BUN: 1432022000068).

Eligibility criteria and recruitment strategy
We search adult patients experiencing persistent symp-
toms > 12 weeks after initial SARS-CoV-2 infection.

 This criterion is in line with the definition of long 
COVID by the WHO [2]. Since we are dealing with a very 
heterogenic group, we have limited our eligibility criteria 
to the minimum to include as many long COVID patients 
as possible (Table 1).

Participants will be recruited through referral from 
health care workers, spreading of leaflets throughout the 
campus and online and through members of the advi-
sory boards. All interested individuals can contact the 
research team for further information. After this initial 
contact, a formal clinical screening check will be per-
formed. During this, the medical practitioner will per-
form a standard anamnesis about their COVID-infection 
and persisting symptoms, medical history, use of medi-
cation and perform a standard clinical examination. He 
will check the eligibility of the possible participant con-
form the in- and exclusion criteria and if necessary, refer 
to a specialist for advice and/or further investigation 
(e.g., in the presence of cardiac without available evalu-
ation). Also, patients who fail to meet the Get Active 

Questionnaire (GAQ) [19] will not be considered eligible. 
If the patient is eligible, the medical doctor will obtain 
informed consent.

Primary feasibility outcomes
The first aim of this pilot study is to test trial procedures 
and processes. This implies running through the full pro-
cedures, with the patients, to detect possible challenges. 
Our main focus in terms of feasibility are patient study 
burden and recruitment and attrition rates. The patients 
will be asked during the last visit if the study procedures 
are acceptable, which will help to make adaptation of 
the protocol. Next, we should be able to observe recruit-
ment rates and intervene, try to persuade and discuss 
reasons with the patients to avoid low responses. In that 
respect, recruitment fewer than anticipated (10/month) 
and an attrition of 20% will automatically trigger a dis-
cussion with the steering committee on how to counter 
these inappropriate rates. A second aim is to get a better 
understanding of the data, which is necessary because of 
the lack of data in this population.

Assessment battery of the main trial
All parameters will be measured in both intervention and 
control group at baseline (T0), week 6 (T1) and 12 (T2) of 
intervention and at 6 weeks follow-up (T3) (Fig. 1).

Primary outcome measure
Improvement of physical performance will be assessed 
using the 1-min sit-to-stand (1-MSTS) test together 
with additional secondary and exploratory outcome 
measures. The 1-MSTS test is indicative of functional 
performance and has proven valid and reliable for sev-
eral medical conditions, but most studies are done in 
patients with COPD [20, 21].

Table 1  Eligibility criteria

Inclusion criteria Exclusion criteria

Able to understand and sign written informed consent in Dutch, French, 
or English

Patient with medical history of any other disease besides long COVID 
that could explain the symptoms

Adult (≥ 18 years old) Patient is unable to undergo a rehabilitation program due to comorbidities 
(e.g., major cardiovascular disease such as myocarditis or severe dementia), 
as decided on by the medical study team members

Laboratory (PCR and/or serology) confirmed infection with SARS-CoV-2 
or probable diagnosis based on the clinical diagnosis

Patient currently benefiting from physiotherapy sessions with focus 
on motor and/or respiratory (independent for underlying condition)

Persisting functional difficulties and symptoms: exercise intolerance and/
or fatigue and/or muscle pain beyond 12 weeks beside other COVID-
related symptoms (e.g., loss of taste and/or smell)

Patients with metabolic disorders such as inborn errors of metabolism 
or badly controlled metabolic disorders (e.g., diabetes mellitus), or severe 
gastro-intestinal conditions (e.g., short bowel syndrome)

Patient enrolled in a Belgian health insurance Patients unable to comprehend oral and/or written instructions, question-
naires in English, French, or Dutch
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Secondary outcome measures
Based on literature and discussions with our Patient 
Advisory Board, it seems that fatigue is the most fre-
quently experienced problem. For this reason, the eval-
uation of fatigue will be our most important secondary 
outcome. This will be done using the Multi-dimensional 
Fatigue Inventory (MFI-20). This questionnaire covers the 
following dimensions: general fatigue, physical fatigue, 
reduced activity, reduced motivation and mental fatigue. 
It is also validated in several languages and for different 
populations, including cancer, post-ICU or Parkinson’s 
disease [22–25].

Next, health-related quality of life will be measured 
by the 5-level EuroQol 5 dimensions (EQ-5D-5L) which 
comprises 5 dimensions: mobility, self-care, usual activi-
ties, pain/discomfort, and anxiety/depression. This test 
has proven good feasibility, reliability and validity [26].

Implications on relevant aspects of daily life after 
COVID infection will be evaluated for changes using the 
Post-COVID-19 Functional Status Scale (PCFS), which is 
specifically developed for COVID patients by Klok and 
colleagues [27]. Work capability will be assessed using 
the Work Productivity and Activity Impairment (WPAI) 
questionnaire. This consists of 6 questions asking about 
the decline in productivity and activity in the past 7 days. 
The WPAI is considered the best-validated questionnaire 
for determining health-related work productivity and has 

been validated in various diseases (e.g., allergic rhinitis, 
gastro-esophageal reflux disease, chronic hand dermati-
tis, ankylosing spondylitis) [28, 29].

Lastly, mental status will be measured using the Hospi-
tal Anxiety and Depression Scale (HADS), which assesses 
both anxiety and depression, each with 7 questions. This 
questionnaire is widely used for many different condi-
tions, including COVID, and is validated in multiple lan-
guages [30, 31].

Explanatory measures
Explanatory measures would be sex, adherence, illness 
perceptions questionnaire (IPQ) and duration of symp-
toms. During intake, assessors will also retrieve descrip-
tive variables such as COVID-19 hospitalization, length 
of hospitalization, ICU stay and length, and duration of 
sickness leave. Furthermore, the following explanatory 
outcomes will be measured during assessments:

Changes in physical performance will be assessed 
by means of the 6-min walk test (6-MWT) and mus-
cle strength. These measurements will help confirm 
the results of the 1-MSTS test. The 6-MWT is used to 
evaluate an individual’s gait pattern, speed and overall 
endurance and initially designed for patients with cardio-
pulmonary issues [25]. This test has proven excellent test-
retest reliability in diseases like geriatrics, osteoarthrosis 
and stroke [32–35]. Muscle strength will be measured 

Fig. 1  Trial flow chart
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both by handgrip strength using a Martin Vigorimeter 
and the general muscle strength (shoulder abduction, 
elbow flexion, wrist extension, hip flexion, knee exten-
sion, ankle dorsiflexion bilateraly) using the Handheld 
dynamometer (MicroFet).

Dyspnea will be evaluated by the modified Medi-
cal Research Council (mMRC) dyspnea question-
naire. The questionnaire was initially invented and 
validated on patients with COPD and is based on the 
GOLD-criteria [36].

The Barthel Index will evaluate to which extent a per-
son needs help performing activities of daily living. This 
parameter can possibly further explain results of the EQ-
5D-5L and PCFS questionnaires.

Baseline nutritional status and changes in nutritional 
parameters will be measured. These parameters are 
important because they provide a look inside the patient 
and can help to explain fatigue, lack of energy or return 
of energy. They include 

◦ Adequacy of feeding: this will be calculated for 
energy, proteins, fatty acids, carbohydrates, and fiber. 
It is defined as the average intake divided by the indi-
vidual nutritional need. This is described in detail in 
Task 1. Individualized nutritional therapy.
◦ Phase angle: bioimpedance analysis is performed 
by a phase sensitive device (BIA 101 BIVA® PRO 
AKERN srl, Florence, Italy) working with alternat-
ing sinusoidal electric current of 245  µA at a fre-
quency of 50 kHz. For the measurement, participants 
are supine with limbs slightly spread apart from the 
body. Very low intrinsic impedance (< 30 Ω) dispos-
able electrodes (Biatrodes™ Akern Srl; Florence, 
Italy) are placed on the right side at metacarpal and 
metatarsal sites of the right wrist and ankle [37]. The 
phase angle (PhA) correlated with better survival in 
cancer patients and critically ill patients and is shown 
to increase with resistance training in older adults. It 
is a measure of cell and thereby body vitality [38–40].
◦ Fat-to-fat free mass ratio: this parameter com-
pares fat mass to fat-free mass which includes bone 
muscle mass.

These variables will be used to check for responders/
non-responders or define subgroups and their possible 
correlation to primary and secondary endpoints.

Intervention
The study compares 2 treatment options for patients 
with long COVID: standard care consisting of 18 physi-
otherapy sessions with a physiotherapist of choice and 
the personalized multimodal treatment (PMT). The PMT 
will consist of a combination of individualized nutritional 

therapy (task 1) and a physical training program (task 2). 
The PMT considers evidence- and practice-based ele-
ments such as individual symptom-contingent pacing, 
self-management, and home-based functional training.

Task 1: individualized nutritional therapy
A nutritional interview (45  min) will be performed at 
baseline. During this interview, a nutritional anamnesis is 
performed based on standard dietetic practice to assess 
the usual intake and usual eating patterns. Additionally, 
the BMI and weight evolution since the COVID-19 infec-
tion and/or in the last 3–6 months are assessed. If dur-
ing this anamnesis, any exclusion criteria are discovered 
or presumed (e.g., severe gastro-intestinal conditions 
that lead to rapid weight loss or absorption issues), the 
participation will be ended or postponed until the med-
ical team can decide if it is safe for the participant. All 
participants will complete a food diary (last 3 days), that 
will be analyzed by registered dietitians using the Bel-
gian Food Composition Database Nubel PRO. The con-
trol group will be given general nutritional advice in the 
form of a leaflet with information about healthy nutri-
tion. The intervention group will be followed-up by one 
of the study dieticians during a weekly tele-consultation 
in the first 12 weeks (between T0 and T2), aiming at bet-
ter guidance of participants throughout the intervention 
period. This is a low-threshold intervention with proven 
benefit and feasibility, validated in our former trial [18].

The focus of the individual nutritional therapy will be 
to match energy and protein intake with the individual-
ized needs, to support the physical rehabilitation and 
the maintenance of increase of muscle mass. Addition-
ally, the dietitians will focus on the nutritional guide-
lines from the Belgian High Health Council to ensure 
a healthy, evidence-based approach. The caloric target 
is defined by the Resting Energy Expenditure (REE) in 
kcal/day measured with indirect calorimetry (Q-NRG™ 
Metabolic Monitor, COSMED) multiplied by a physical 
activity level (PAL) [41]. The Q-NRG showed prolonged 
hypermetabolism in COVID-19 ICU patients up to 
7 weeks, showing a need to accurately measure the REE 
[42]. For protein, 0.83  g/kg bodyweight is used, unless 
a higher protein need is recommended due to specific 
pathology or in case of sarcopenia. Carbohydrate, fatty 
acids and fiber needs are defined as 50–55% of the energy 
requirements (En%), 30–35 En% and 3 En% respectively. 
The use of adequacy of feeding based on indirect calo-
rimetry, also referred to as the Tight Caloric Control 
Concept, is a well-known concept in the world of Inten-
sive Care where it proved a survival benefit in a recent 
meta-analysis [43]. This concept was translated by our 
Nutritional Research Team in a prospective randomized 
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control trial to battle cancer-related cachexia. It proved a 
significant benefit [18].

If the participant requires any other nutritional inter-
ventions, e.g., in case of food intolerances or other 
conditions, the dietitians will develop individual nutri-
tional targets. If there is an indication for weight-loss 
it is important that the interventions do not interfere 
with the treatment of the long COVID symptoms (e.g., 
adequate energy intake to combat fatigue versus energy 
restricted diet for weight-loss). In cases like this, the 
dietitians and the participant will discuss priorities and 
adjust the intervention accordingly. As this is a prag-
matic trial, the dietitians will use any evidence-based 
tools that they would use in usual, individualized care. 
The individualized nutritional therapy can consist of 
food, oral supplements, enteral nutrition or in very rare 
cases parenteral nutrition.

Task 2: Patient‑tailored physical exercise program
The exercise program implements the recommenda-
tions of the World Physiotherapy Organization [44]. 
The participants will train a maximum of two to three 
times a week for 12  weeks. A trained physiotherapist 
will supervise 18 sessions. His goal will be teaching the 
patients to independently perform the program as well as 
increasing the training load based on individual assess-
ments and symptoms. The program consists of differ-
ent progressive phases, including preparation for return 
to exercise (breathing and stretching), low-intensity 
activity, moderate-intensity analytical and functional 
exercises and return to pre-COVID activity regime. A 
symptom-titrated pacing strategy will be implemented 
to account for post-exertional symptom exacerbation. As 
recommended by World Physiotherapy [44], people with 
post-exertional symptom exacerbation (PESE) will be 
identified by asking about their symptoms and the impact 
of physical, cognitive and social activities on symptoms 
12 h or longer after exertion. A 5-item questionnaire, i.e., 
a subscale of the De Paul Symptom Questionnaire will be 
used to assess PESE. These five questions are also recom-
mended by the National Institutes of Health/Centers for 
Disease Control and Prevention Common Data Elements 
post-exertional malaise working group [44]. A score of 
2 on both frequency and severity on any items 1 to 5, is 
indicative of post-exertional malaise [45]. Five supple-
mental questions will also be used to examine duration, 
recovery, and exercise exacerbation. If symptom exac-
erbation is present, symptom stabilization is of prime 
importance. Thus, symptom-contingent pacing [46] 
will be used to engage in activities guided by perceived 
symptom levels to avoid worsening symptoms, conserve 
energy, and enable participation in meaningful activi-
ties. Therefore, focus will be put on energy conservation 

and balancing activities with rest to avoid further exac-
erbation of symptoms (phase 1: breathing and stretch-
ing exercises). Subsequently, moving to next stages in the 
exercise program will be based on measures of perceived 
exertion and a visual analogue scale for symptoms. This 
is in line with the current insights, reported by the World 
Physiotherapy briefing paper 9 [44]. During the program, 
the professionals involved with patients in the interven-
tion group will be equipped with a documentation map 
with all the information, materials, formats, and exer-
cises, including quick sheets with do’s and don’ts during 
training, motivation cards for goalsetting and evalua-
tion, log with evaluative and motivational questions for 
the participant regarding the intensity, feasibility, pleas-
antness and training progress of the trainings/program. 
The focus will be on personal goals and achievements 
by means of the training program and coping strategies 
when adherence or motivation is low.

The participants of the control group will be given a 
prescription for 18 sessions of physiotherapy with stand-
ard care advice: gradual aerobic training. In addition, 
they will receive an information leaflet with informa-
tion regarding symptom-contingent pacing and general 
recommendations on healthy nutrition. Participants are 
also asked to keep track of their training sessions through 
an exercise and food diary and if they did dietary 
modifications.

Trial randomization and blinding
Once a patient signs the informed consent and after the 
first study visit, he/she will be randomized into one of 
both treatment arms by one of the investigators using an 
interactive web response system (IWRS). Patients will be 
randomized in a 1:1 ratio, using permuted block rand-
omization with blocks of variable sizes (2–4-6) into one 
of the two intervention parallel groups.

The statistician will be blinded to group allocation. 
Outcome assessors will be blinded to the maximal extent 
possible. Participants will of course be aware of the 
intervention received. Regarding this, participants will 
be asked not to communicate with the assessors about 
the intervention received. The therapists providing the 
experimental intervention will not be involved in the 
usual care treatment, and vice versa.

Sample size
For this pilot we aim for 52 participants. This is in line 
with Whitehead et al. who recommends a sample size of 
25 per treatment arm of interest in a pilot study, account-
ing for a standardized mean difference of 0.2 in the future 
definitive RCT with a power of 90%, and two-sided 5% 
significance [47]. Considering an attrition rate of 20%, 66 
patients will be randomized.
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Statistical analysis
The focus is primarily qualitative and unstructured but 
there is a minor but important statistical focus which 
is descriptive, which focuses on the full distribution of 
observations in general and the dispersion in particular. 
All parameters will be analyzed descriptively by treat-
ment arm, there will be no formal hypothesis testing and 
a repeated measures model will be used to derive an esti-
mate of the treatment effect. While the actual analysis 
can be performed as planned, because all data required 
for that should be available, any statistical test would pre-
sumably be underpowered.

Data handling and monitoring
To define data management practices the data manager 
developed a clinical data management plan (CDMP), that 
was reviewed by the principal investigator and the trial 
monitor. Besides the CDMP, multiple standard-operat-
ing procedures were developed for screening, randomi-
zation, assessments during study visits, and individual 
nutritional therapy. In case of protocol deviations, these 
will be reported in the Trial Master File and the ethics 
committee will be notified.

Discussion
There is need for a multidisciplinary approach when 
dealing with long COVID (post-COVID syndrome) 
manifestations. The UNLOCK study will investigate 
whether a personalized multimodal treatment (tailored 
physiotherapy and individual nutritional therapy) is able 
to improve functional performance recovery faster than 
standard physiotherapy alone. The choice for functional 
endpoints is motivated by the fact that patients suffer-
ing long COVID experience difficulties performing their 
daily activities whether because of exertional intoler-
ance (fatigue, dyspnea, widespread pain, deconditioned 
state…) or cognitive difficulties (attention and memory 
deficits, brain fog…).

The rationale for the combination of both interventions 
(physical therapy and nutritional optimization) is based 
on our clinical expertise and the feedback from our long 
COVID patients regarding the need for a multidiscipli-
nary approach to account for their complaints (including 
feelings of fatigue, post-exercise symptom exacerbation, 
and loss of smell and taste). In addition, the rationale 
for not including a separate study arm (only personal-
ized physical exercise program), which would allow us 
to investigate the contribution of the nutrition compo-
nent, is based on feasibility issues as well as to respond 
to the cry-out and sense of urgency, reported by the long 
COVID patient community.

Because of the lack of clear data on long COVID 
patients and the fact that this group is very heterogenic, 

we aim with the present protocol to prepare a rand-
omized controlled study that addresses the effectiveness 
of a personalized multimodal treatment. This pilot will 
offer us necessary information on the feasibility of the 
future experiment.
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