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ABSTRACT   

Introduction 

Brain disorders such as stroke and post-COVID-19 condition (PCC) can compromise 

Brain health through different pathways, yet both produce long-term sequelae that 

are often incompletely captured by traditional clinician-rated endpoints. The aim of 

this thesis is to apply novel assessment strategies for people with highly prevalent 

neurological conditions, incorporating the impact on their daily lives, and compare 

these results to conventional clinical outcomes using clinical trials databases. 

Methods 

This thesis combined a conceptual and an applied programme of work to evaluate 

PCO assessment across established and emerging conditions affecting brain health. 

First, in the Chilean prospective stroke cohort, HRQoL was measured using the EQ-

5D-3L and integrated with functional status (mRS) to derive UW-mRS. In 

INTERACT3, an international intracerebral haemorrhage (ICH) trial, UW-mRS was 

derived from EQ-5D-3L and mRS data and used to assess clinical and 

socioeconomic determinants of poorer patient-centred outcomes. In TRIDENT, an 

international double-blind ICH trial with longitudinal follow-up, repeated EQ-5D-3L, 

cognitive screening (Montreal Cognitive Assessment, MoCA), and disability 

assessments were analysed using longitudinal modelling to characterise recovery 

trajectories, evaluate time-dependent differences in UW-mRS, and quantify the 

association between cognition and HRQoL. Finally, in STRONGER, an international 

trial in adults with persistent neurological symptoms following COVID-19, a cross-

sectional baseline analysis quantified EQ-5D-5L utility and examined its associations 
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with symptom burden, mental health, sleep quality, and cognitive performance within 

a trial-ready framework for long COVID management. 

Results 

Preference-based PCO consistently revealed health losses not fully captured by 

conventional endpoints across conditions affecting brain health. In the Chilean 

community-based stroke cohort, EQ-5D utilities declined sharply across mRS 

categories and problems were common across all dimensions, particularly 

pain/discomfort (67%); notably, participants with mRS 0–1 still reported HRQoL 

impairment, indicating residual burden despite “favourable” disability. In 

INTERACT3, 6-month patient-perceived burden was substantial and poorer HRQoL 

was largely explained by acute severity and baseline vulnerability, while variation by 

context (country and living situation) showed that similar disability did not equate to 

comparable lived health across settings. In TRIDENT, PCO improved from baseline 

and were largely maintained, with no clear treatment-by-time differences; cognition 

remained a consistent correlate of HRQoL, supporting a model where utilities add 

patient-valued meaning to traditional assessments. In STRONGER, baseline 

analyses showed marked HRQoL impairment alongside a heterogeneous cognitive 

profile, suggesting that lived health in PCC is strongly shaped by multidomain 

symptom impact—especially fatigue, affective symptoms, and sleep disturbance—

beyond what standard cognitive tests capture at a single timepoint. 
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Conclusion 

This thesis advanced patient-centred assessment of brain health by applying 

preference-based PCO across stroke, intracerebral haemorrhage, and post-COVID-

19 condition. It shows that disability scales and cognitive tests remain indispensable, 

yet they do not fully capture what matters to patients—how health is experienced, 

valued, and lived in daily life. Preference-based utilities provide a common metric to 

summarise multidimensional burden across diseases and study designs, but require 

contextual interpretation because valuation choices, setting, assessment timing, and 

capacity for self-report can influence what is measured. By making otherwise under-

recognised burden visible and comparable, PCO strengthen outcome interpretation, 

help identify high-burden subgroups, and support more targeted prevention, follow-

up, and rehabilitation strategies that address the domains driving lived morbidity. 
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1 INTRODUCTION 
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In recent years, the concept of brain health has garnered increasing attention, 

particularly within the context of aging populations and the rising prevalence of 

neurological disorders. Brain health refers to the state of brain functioning across 

cognitive, sensory, social-emotional, behavioural, and motor domains, allowing a 

person to realize their full potential over the life course, irrespective of the presence 

or absence of disorders.1 This could be assessed in terms of competencies across 

the domains of “thinking, moving, and feeling,” encompassing, for example, the 

abilities pay attention, perceive, and recognize sensory input; to learn and 

remember; to communicate; to problem solve and make decisions; to have mobility; 

and to regulate emotional status. These domains are largely attributable to the 

functions of the brain, can be operationally defined and measured; are affected by 

environment, behaviours, and disease; and are potentially modifiable if changes are 

detected early enough.2,3  

To maintain optimal brain function, the brain depends on adequate cerebral perfusion 

and a well-functioning neurovascular unit (NVU)—a dynamic interface of vascular 

and brain cells responsible for preserving neuronal homeostasis.4 Vascular risk 

factors, such as hypertension, diabetes mellitus and dyslipidaemia, have deleterious 

effects on the structure and function of the NVU, leading to vascular remodelling and 

stiffness, impaired cerebral blood flow autoregulation, endothelial dysfunction, 

impaired neurovascular coupling and failure of clearance systems, resulting in 

neurovascular dysfunction and suboptimal brain health.5  

The determinants of optimal brain health are multifactorial, including genetic 

predispositions, environmental influences, and behavioural choices. Vascular risk 

factors exacerbate brain damage through cardiovascular and cerebrovascular 
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pathways, leading to cognitive decline and neurological impairment.2 (Figure 0-1). 

Epidemiological evidence has further reinforced the importance of addressing these 

risks: approximately 90% of all strokes are attributable to a small number of 

potentially modifiable factors, underscoring the critical role of primary prevention in 

reducing stroke burden.6 Likewise, it is estimated that up to 40% of dementia cases 

may be prevented or delayed by targeting modifiable cardiovascular and lifestyle 

factors.7  

 

Figure 0-1. Major determinants of optimal Brain health.  
Adapted from Gorelick et al 2017 

 

With the global increase in life expectancy, the burden of diseases affecting brain 

health—such as stroke, cognitive impairment, and dementia—is rising steadily. For 

instance, the age-standardised incidence and prevalence of Alzheimer’s disease 

and other dementias are projected to reach 145 and 822 cases per 100,000 people, 

respectively, by 2040.8 As vascular and metabolic risk factors accumulate throughout 

the life course, the ageing brain becomes increasingly vulnerable to both acute 

events and progressive deterioration. Many of these conditions share modifiable risk 

factors, particularly vascular and metabolic ones such as hypertension, diabetes, 

and dyslipidemia.9,10 As these risks accumulate over a lifetime, the ageing brain 
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becomes increasingly vulnerable to both acute and progressive neurological 

damage. These findings emphasise that brain health is not only clinically significant 

but also a realistic and urgent target for public health action. 

Despite its intuitive appeal, the construct of brain health remains complex and lacks 

a universally accepted operational definition or standardized measurement 

approach.11 This lack of consensus presents a significant challenge for research and 

clinical practice, particularly in designing and evaluating interventions targeting 

neurological outcomes. The problem is further compounded by the heterogeneity of 

neurological conditions, which vary widely in etiology, clinical presentation, and long-

term consequences. Traditional neurologic outcome measures—such as mortality, 

lesion size, or clinician-rated disability scales—often fail to capture the full spectrum 

of impairment, especially subtle yet disabling symptoms like fatigue, executive 

dysfunction, and emotional disturbances, which significantly affect quality of life 

(QoL).12 This disconnect hampers the comprehensive evaluation of disease burden 

and recovery. 

Furthermore, many existing tools rely on ordinal scales that lack sensitivity and do 

not incorporate patients’ preferences. The modified Rankin Scale (mRS), the most 

widely used outcome in stroke trials, exemplifies these limitations.13,14 This 7-level 

scale (ranging from 0 = no symptoms to 6 = death) offers a broad assessment of 

disability; however, by its ordinal nature, it does not represent equal intervals of 

patient-perceived health between categories and cannot differentiate the relative 

value patients assign to different functional states.  
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This issue extends beyond stroke to other neurological conditions such as 

dementia,15 Parkinson’s disease,16 and emerging post-viral syndromes like Long 

COVID.17 Patients with Long COVID, for example, frequently report persistent 

cognitive “fog,” fatigue, and emotional dysregulation long after the acute infection, 

symptoms that are difficult to quantify but profoundly impact daily life.18 Similarly, 

survivors of intracerebral hemorrhage experience a complex interplay of physical, 

cognitive, and psychological sequelae that often remain underrepresented in clinical 

assessments.19  

In recent years, other fields, such as oncology, have made significant advances by 

integrating patient-reported outcomes (PROs) into routine evaluation—assessing 

fatigue, pain, and well-being—thus capturing aspects of health that matter most to 

patients.20,21 Incorporating similar approaches into neurology could enhance our 

understanding of how brain disorders affect individuals’ lives and inform the 

development of more patient-centered interventions.  

One of the most commonly used approaches to estimate utility values is through 

standardized instruments that capture patients’ health-related quality of life 

(HRQoL). Among these, the EQ-5D is one of the most widely adopted.22,23 It 

assesses HRQoL across five key domains—mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression—through patient self-report.24 Each 

combination of responses is assigned a corresponding index value based on societal 

preferences, generating what is known as a utility weight. These values range from 

0 (equivalent to death) to 1 (perfect health), with the possibility of negative scores 

for health states perceived as worse than death.25,26  
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These utility values offer several advantages. First, they enable comparisons across 

diverse conditions and interventions, providing a common metric to assess and 

prioritise health outcomes. Second, they serve as the foundation for calculating 

quality-adjusted life years (QALYs), a composite measure that incorporates both the 

quantity and quality of life lived. QALYs are widely used in health economics and 

policy-making to inform decisions about cost-effectiveness, resource allocation, and 

clinical guideline development. 25 Beyond their use in health economics, utility values 

represent a shift toward person-centred and preference-sensitive assessment 

frameworks. In stroke research, they have been incorporated into outcome 

measures through the development of the utility-weighted modified Rankin Scale 

(UW-mRS), which assigns each mRS category a corresponding utility score based 

on EQ-5D-derived preferences. 27,28 This approach transforms an ordinal functional 

score into a continuous, patient-informed outcome that is better aligned with real-

world priorities. 

These measures represent a shift toward more person-centred and preference-

sensitive frameworks in health assessment—particularly relevant in complex and 

heterogeneous fields like neurology. Despite their strengths, these tools remain 

underused in neurology, especially in contexts marked by complex, long-term 

sequelae.  

The focus of this thesis on two distinct populations—patients with Stroke and those 

affected by Long COVID—derives from their shared relevance as models of impaired 

brain health despite contrasting aetiologies. Stroke, and particularly ICH, represents 

the archetype of a vascular insult leading to abrupt neurological injury, while Long 

COVID illustrates an emerging infectious–inflammatory pathway to persistent 
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neurocognitive dysfunction.18 Although the initiating mechanisms differ, both 

conditions converge on common pathophysiological processes such as 

neuroinflammation, endothelial dysfunction, and disruption of the neurovascular unit, 

ultimately compromising neuronal homeostasis and resilience. 29 Studying these two 

populations within the same framework therefore allows the evaluation of patient-

centred outcomes across heterogeneous but complementary scenarios, testing the 

validity and generalisability of novel assessment strategies while capturing the 

multidimensional impact of neurological disease beyond conventional clinical 

endpoints.  

This project seeks to address that gap by placing PCO at the centre of brain health 

assessment. By applying validated tools such as the EQ-5D and UW-mRS across 

diverse datasets—including prospective cohorts and clinical trials, the project will 

evaluate how cognitive performance, clinical characteristics, and self-reported health 

status intersect to define outcomes in people affected by post COVID-19 condition, 

and stroke. By focusing on what patients themselves report about their health, this 

research will contribute to a more comprehensive and person-centered model of 

outcome evaluation in neurology. 

Ultimately, the aim is to support a paradigm shift: from a model of care and research 

grounded in biomedical endpoints, to one that values the individual experience of 

disease. By highlighting the importance of integrating PCO in the evaluation of brain 

health, this work will help fill a critical gap in the current landscape of neurological 

research and contribute to the development of more relevant, equitable, and human-

centered healthcare strategies. 
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2 GENERAL AND SPECIFIC OBJECTIVES  

2.1 General Objective  

To apply novel assessment strategies for people with highly prevalent neurological 

conditions (long COVID or stroke), incorporating the impact on their daily lives, and 

compare these results to conventional clinical outcomes using clinical trials 

databases. 

2.2 Specific Objectives  

1.     Patient-centered assessment strategies: Conceptual Foundation 

• To review and critically explain the existing patient-centered assessment 

strategies currently available in the literature. 

2.     Application to Established Conditions 

• To describe stroke burden and treatment strategies. 

• To apply and analyze patient-centered assessment strategies in the context 

of stroke. 

• To apply and analyze patient-centered assessment strategies in the context 

of the most devasting stroke that is ICH. 

3.     Application to Emerging Conditions 

•  To provide a comprehensive description of long COVID. 

• To propose innovative therapeutic strategies for long COVID management, 

including the exploration of novel protocols such as STRONGER. 

• To apply and adapt patient-centered assessment strategies to Post COVID-

19 condition  
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3.1 CHAPTER I: PATIENT-CENTERED ASSESSMENT STRATEGIES:  
CONCEPTUAL FOUNDATIONS 
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3.1.1 Chapter overview 

This chapter provides the conceptual foundations for the use of PCOs in neurological 

research. It begins by reflecting on the limitations of traditional physician-centered 

measures and highlights the shift towards approaches that value patients’ 

perspectives on their health and quality of life. In this context, utility-based methods 

are introduced as a way to translate patients’ experiences into measurable outcomes 

that can be compared across different conditions. By outlining these principles, the 

chapter establishes the methodological basis upon which the subsequent analyses 

of this thesis are built. 
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3.1.2 Introduction 

In the evolving landscape of clinical research and healthcare delivery, the integration 

of patient-centered outcomes (PCO) has become increasingly important. PCO are 

defined as outcomes that reflect the patient's own perspective on their health status, 

including the impact of illness and treatment on physical function, emotional well-

being, social participation, and overall quality of life.30 Unlike conventional clinical 

endpoints, which are typically clinician-reported or based on physiological 

measurements, these measures go beyond traditional clinician-reported endpoints, 

aiming to quantify aspects of health that patients themselves consider most 

important.  

PCO can be classified into patient-reported outcomes (PROs), which provide 

detailed self-reported information about symptoms or functional limitations, and 

preference-based measures, which additionally assign a numerical value—known 

as a utility weight (UW)—to each health state. Utility weights are expressed on a 

continuous scale anchored by two reference points: 0, representing death, and 1, 

representing perfect health. Importantly, some health states may be valued as worse 

than death, resulting in negative utility values (Figure 1-1).  

 

Figure 1-1 Utility weights scale 
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To generate preference-based measures that incorporate patient and societal 

values, PCO can be estimated through two main approaches: direct measurement 

and indirect estimation. The direct approach involves administering standardized 

instruments designed to produce a utility score, while the indirect approach relies on 

mapping scores from clinical outcome scales to pre-established utility values.  

3.1.3 Direct Method 

In the direct method, patients self-report their health status using standardized 

instruments, such as the European Quality of Life Scale (EQ-5D-3L),13 the Health 

Utilities Index (HUI),31 and the Assessment of Quality of Life (AQoL).32 These tools 

describe health across multiple domains and levels of severity, producing a health 

profile.  

These instruments rely on various elicitation methods to assign preference values to 

health states, the most common being the Standard Gamble (SG), Time Trade-Off 

(TTO), and Visual Analogue Scale (VAS).33–35 The choice of instrument and 

elicitation method depends on factors such as the research question, the 

characteristics of the study population, and the intended application of results. It is 

important to distinguish between two components: 

- Descriptive system: the self-reported health state profile provided by the 

respondent.  

- Index value: the preference-based UW assigned to that profile, which 

varies depending on the country-specific value set.  
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3.1.4 Indirect Method 

When direct utility data are unavailable, the indirect method is used to estimate UWs 

by linking clinical scale scores to previously obtained utility values. This is done 

through mapping algorithms developed in independent datasets.36 In neurology, a 

common example is the derivation of utilities from the mRS, the most widely used 

measure of global disability after stroke.  

In the present project, the indirect method is applied using the EQ-5D-3L as the 

reference instrument and mapping mRS scores to utility values to create the UW-

mRS. This approach harmonizes outcome reporting across studies and facilitates 

cost-utility analysis in datasets where only mRS scores are available. 

3.1.4.1 EQ-5D 

The EQ-5D is a concise, generic measure of self-reported health that measures 

health in a way that can be compared across different sorts of patients, disease 

areas, and treatments. Since its development nearly three decades ago, it has 

become the most widely used Patient Reported Outcomes Measures (PROMS) 

questionnaire internationally, used in population health surveys, clinical studies and 

in routine outcomes measurement in healthcare systems.37 

The EQ-5D instruments includes the original three-level version (EQ-5D-3L), a five-

level version (EQ-5D-5L), and a youth version (EQ-5D-Y). While originally developed 

for use in economic evaluations, its brevity, validity, and versatility have led to its 

adoption in a variety of contexts, including large-scale PROMS programs aimed at 

healthcare quality improvement.38 
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The EQ-5D asks patients to indicate whether they have no, some, or extreme 

problems on each of five dimensions of health: mobility, self-care, usual activities, 

pain/discomfort, and anxiety/depression. In the EQ-5D-3L (Table 1-1) three level 

problems are described in each dimension, representing no, moderate, or extreme 

problems. This structure yields 35=243 possible health states.   

Each EQ-5D health state can be summarised as a five-digit code, with the digit in 

each position representing the level reported for the corresponding dimension (e.g., 

11111 = no problems in any dimension; 22331 = some problems with mobility and 

self-care, extreme pain/discomfort, and some anxiety/depression). These codes 

form the descriptive system of the EQ-5D, and they are categories, not numbers, 

and do not even have ordinal properties. They do have a limited logical ordering, and 

in some cases can be used to compare profiles. For example, profile 11111 is better 

than profile 11112 (it logically dominates it) and 11112 is better than 11122. But we 

cannot say anything about how much better 11111 is compared to 11112. To compare 

health profiles, and to measure the magnitude of the difference between any profiles 

requires a scoring system that assigns weights to each profile. EQ-5D value sets 

achieve that.38 39  
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Table 1-1 EQ-5D-3L descriptive system. 

An EQ-5D value set is a complete list of the values assigned to every one of the 

243 possible profile. These numbers are derived from population-based valuation 

studies, in which members of the general public are asked to express their 

preferences for different health states using techniques such as the Time Trade-Off 

(TTO), Standard Gamble (SG), or Visual Analogue Scale (VAS). Algorithms then 

assign scores to each level in each dimension—sometimes adjusting for interactions 

between dimensions—to produce the full set of values. Value sets are country-

specific, reflecting cultural and societal differences in how health states are valued, 

and are sometimes referred to as tariffs.  

Dimension Level 1 Level 2 Level 3 

Mobility 
No problems 

walking about 

Some problems 

walking about 

Confined to bed 

Self-care 
No problems 

with self-care 

Some problems 

washing or dressing 

Unable to wash or dress 

Usual 
activities 

No problems 

performing usual 

activities 

Some problems 

performing usual 

activities 

Unable to perform usual 

activities 

Pain / 
Discomfort 

No pain or 

discomfort 

Moderate pain or 

discomfort 

Extreme pain or 

discomfort 

Anxiety / 
Depression 

Not anxious or 

depressed 

Moderately anxious 

or depressed 

Extremely anxious or 

depressed 
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Figure 1-2. Calculation of the Utility Index from the EQ-5D-3L questionnaire. 

Once the patient completes the questionnaire, a five-digit code is generated, which is then compared 
with the population value set to estimate the utility index.  

3.1.4.2 From profile to utility index 

To compare health states quantitatively, value set must be converted into a utility 

index. They can be obtained by matching their reported EQ-5D profile to the 

corresponding value in that set. This utility index ranges from 1 (full health) to 0 

(dead), with negative values representing health states considered worse than 

death.38 It allows comparisons across diseases and interventions, supports the 

calculation of quality-adjusted life years (QALYs), and provides a metric that 

incorporates patient- and society-based preferences into health outcome 

measurement (Figure 1-2). 

3.1.4.3 Summarizing EQ-5D profiles  

It is important to note that using the value sets to generate EQ-5D values data 

introduces a source of exogenous variance into the analysis of profile data which 

can bias statistical inference.40 Each value set places a different weight on the 

various levels and dimensions of the profile data, reflecting underlying differences in 
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preferences, the methods used to elicit them, or both. This means that whether there 

are statistically significant differences in the EQ-5D values between, for example, 

two arms of a clinical trial, or between two regions in a national health survey, may 

depend on which value set is used, and the relative importance it puts on the different 

types of health problems and improvements in them. More generally, there is no 

neutral way to summarise the data from the EQ-5D profile into a single number. 

Finally, an important consideration is that attaching values to descriptive data 

introduces an exogenous source of variance, which can bias statistical inference. 

40,41 This is a special problem for applications where people’s preferences are not 

directly relevant and is a key reason why it should not be assumed that values 

provide a suitable index for non-economics applications. Conclusions about whether 

there are statistically significant differences in, for example, the health of 2 regions, 

or health over time, or between 2 arms of a clinical trial, may be influenced by which 

value set is used.  

An obvious advantage of using a summary value to represent a health profile is that 

it simplifies statistical analysis. But since all value sets embody preferences about 

the relative importance of each level of each dimension, it is not possible to offer 

generalised guidance about which value set to use if the objective is to summarise 

profiles for descriptive or inferential statistical analysis.  

3.1.4.4 From mRS to UW-mRS using the indirect method 

The mRS is the most widely used global disability outcome in stroke research, 

ranging from 0 (no symptoms) to 6 (death) (Figure 1-3). While clinically intuitive and 

easy to administer, the mRS is ordinal in nature: the difference in health status 
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between adjacent categories is not necessarily proportional to patient-perceived 

changes in quality of life. For example, moving from mRS 4 to 3 (regaining some 

independence) may be valued much more by patients than moving from mRS 2 to 1 

(minor residual symptoms), even though both represent a one-point change on the 

scale. These nuances are often lost in conventional analyses, which tend to overlook 

individual patient perspectives.42,43  

 

Figure 1-3 modified Rankin Scale 

The UW-mRS addresses this limitation by transforming the ordinal mRS into a 

continuous, preference-based measure. This is achieved by assigning utility weights 

to each mRS category based on valuations of HRQoL obtained from instruments 

such as the EQ-5D.27,44 The resulting scale integrates both survival and functional 

status into a single metric. 

3.1.4.4.1 Methodological approach 

The derivation of UW-mRS values involves three key components: 

a. Selection of the reference HRQoL instrument and value set 

A validated preference-based instrument—most commonly the EQ-5D—is chosen 

as the reference for utility estimation. The EQ-5D descriptive profiles are converted 
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into a utility index using a country-specific value set (or tariff) derived from 

population-based valuation studies. The value set reflects societal preferences for 

different health states and determines the mapping between mRS categories and 

utility values. 

b. Mapping mRS scores to utility values 

A mapping function or look-up table is developed in a dataset containing paired 

measurements of mRS and EQ-5D (or another reference instrument). In most cases, 

ordinary least squares (OLS) regression is used, with the EQ-5D utility index as the 

dependent variable and mRS score as the independent variable. Covariates may be 

included to improve precision, but in its simplest form, the model yields an average 

utility weight for each mRS category.27,44 

c. Assigning utilities to mRS categories in the study dataset 

Once the mapping is established, each patient’s mRS score is replaced by the 

corresponding utility weight. Death (mRS = 6) is generally assigned a utility of 0, 

although some algorithms allow for states worse than death (negative utilities) if the 

reference value set supports this. This produces a continuous outcome variable that 

can be averaged, compared between groups, and used to calculate quality-adjusted 

life years (QALYs) over time. 

3.1.4.4.2 Procedure  

First, for each participant, the EQ-5D-3L responses across its five dimensions are 

converted into a utility index using a country-specific value set. In this case, the 

Chilean EQ-5D-3L tariff, derived using the time trade-off (TTO) method in the Chilean 

population,45 was applied to local datasets, while the UK value set was used for the 



48 
 

INTERACT-3 and TRIDENT trials.46 This tariff assigns a numerical weight to each 

level within each dimension, with potential adjustments for combinations of severe 

problems, producing a utility value for each of the 243 possible EQ-5D-3L health 

states. 

𝑈𝑈{𝐸𝐸𝐸𝐸5𝐷𝐷} =  1 −  � 𝑤𝑤i (𝑙𝑙𝑙𝑙)
{𝑖𝑖=1}

𝑖𝑖�𝑙𝑙𝑖𝑖�
{5}𝑤𝑤

−  𝑁𝑁3 × 𝑤𝑤{𝑁𝑁3} 

Where: 

• li = level reported in dimension i 

• wi(li) = weight assigned to level l in dimension i 

• N3 = indicator variable (1 if any dimension is at level 3; otherwise, 0) 

• wN3 = additional weight for severe problems (level 3) 

Next, the relationship between mRS categories and EQ-5D-derived utilities is 

estimated using ordinary least squares regression, with the EQ-5D utility as the 

dependent variable and mRS categories as independent variables. mRS 0 is used 

as the reference category, and dummy variables are included for mRS 1 to 5, while 

mRS 6 (death) is assigned a utility value of 0 by definition. The predicted mean utility 

from the regression model for each mRS category represents the utility weight for 

that level. These category-specific weights form the UW-mRS look-up table. 

𝑈𝑈mRS=𝑘𝑘 =
1
𝑛𝑛𝑘𝑘
�𝑈𝑈EQ5D,𝑗𝑗

𝑛𝑛𝑘𝑘

𝑗𝑗=1

 

Where nk = number of participants with mRS = k. 
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Finally, this table is applied to any dataset containing mRS scores to generate the 

corresponding UW-mRS values. Each mRS score is replaced by its assigned utility 

weight, yielding a continuous outcome measure that incorporates both the quantity 

and quality of life. This transformation allows for more sensitive comparisons 

between groups, facilitates the estimation of QALYs through integration over time, 

and ensures that outcome assessment reflects patient and societal preferences.    

3.1.4.4.3 UW Interpretation   

The interpretation of the UW presents several conceptual and methodological 

challenges. While UWs provide a more patient-centered representation of outcomes 

than traditional clinical scales, their meaning depends on how score changes are 

defined, valued, and contextualized. 

One important issue is distinguishing between statistical significance and clinical 

relevance. Small changes in UW may be statistically detectable but clinically trivial, 

whereas larger differences may reflect meaningful shifts in patients’ quality of life. To 

clarify this, two related concepts are essential. The minimally detectable change 

(MDC) refers to the smallest change beyond measurement error, while minimally 

important change (MIC) corresponds to the smallest change perceived as important 

by patients or clinicians.47 Importantly, MIC thresholds are not universal; they vary 

depending on the instrument, the descriptive system, and the population under 

study. In stroke cohorts, anchor-based studies using EQ-5D have estimated MIDs of 

approximately 0.08–0.12, values often used as benchmarks when interpreting 

changes in utility.48 Establishing MIC values for the UW-mRS remains a key 

methodological priority, as they help determine when an intervention truly improves 

or worsens a patient’s condition. 
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When applied to the modified Rankin Scale, the UW-mRS translates ordinal disability 

categories into utilities to approximate interval-level meaning. However, score 

differences are not uniformly interpretable across the continuum: a one-point change 

may represent a profound shift in independence at severe levels, but only a marginal 

improvement at the mild end of the scale. Moreover, utilities derived from different 

instruments (e.g., EQ-5D vs AQoL) or national value sets may yield substantially 

different results, and patients within the same mRS category can present wide 

variability in utility values.49 Therefore, UW-mRS differences should be interpreted 

with caution. In the absence of specific MIC/MID thresholds, a practical approach is 

to (i) anchor changes to external criteria (e.g., mRS categories or EQ-5D shifts) and 

compare them with known utility MIDs (≈0.08–0.12 for EQ-5D in stroke), (ii) confirm 

changes exceed the MDC (derived from the SEM of mapped utilities), and (iii) 

consider directionality, since larger declines are often needed for patients to perceive 

worsening than for improvement. 47,48 

In summary, while the UW-mRS advances the field by integrating patient utilities into 

stroke and neurological outcomes, its interpretation requires caution. Defining 

thresholds for meaningful change, accounting for measurement error, and 

recognizing the unequal impact of score differences across the scale are essential 

to avoid misrepresentation of patients’ experiences and to ensure robust conclusions 

in clinical trials.  
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3.2 CHAPTER II: STROKE BURDEN  AND TREATMENT STRATEGIES  
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3.2.1 Chapter overview  

This chapter summarises the burden of stroke as a leading cause of death and 

disability worldwide, highlighting regional disparities and evidence gaps in Latin 

America and the Caribbean. It then outlines key treatment strategies across the 

stroke spectrum, distinguishing time-critical reperfusion and secondary prevention in 

IS from bundled acute care and blood-pressure–centred prevention in intracerebral 

haemorrhage.  

By framing stroke as both a major public health challenge and a condition with 

evolving, system-dependent care pathways, the chapter provides the clinical and 

epidemiological context for the subsequent thesis investigations. 
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3.2.2 Stroke as a global health priority 

Stroke is a clinical syndrome of acute neurological dysfunction caused by focal 

disturbance of cerebral circulation, resulting from either vessel occlusion (ischaemic 

stroke [IS]) or vessel rupture, the latter encompassing both intracerebral 

haemorrhage (ICH) and subarachnoid haemorrhage.1 While IS accounts for most 

incident events globally ICH contributes disproportionately to early mortality and 

severe disability in many settings, reinforcing the need to distinguish stroke subtypes 

when describing burden and when framing care pathways.2  

The most recent Global Burden of Disease (GBD) 2021 analysis shows that, despite 

declines in age-standardised rates in many countries, the absolute numbers of 

incident strokes, stroke deaths, and disability-adjusted life years (DALYs) have risen 

from 1990 to 2021.3 This pattern reflects population growth and ageing, compounded 

by trends in key risk factors—most notably elevated systolic blood pressure, obesity, 

diabetes, and other cardiometabolic exposures.3,4 From a health-system 

perspective, these trends translate into sustained demand for hyperacute care, 

inpatient management, rehabilitation, and long-term follow-up services.5 

3.2.3 Disparities in stroke  

This burden is not uniform across regions, and contemporary evidence highlights 

important gaps in epidemiological surveillance in Latin America and the Caribbean 

(LAC). A recent systematic review emphasised that few robust population-based 

data are available for LAC and that existing estimates are highly heterogeneous, 

underscoring the need for comparable designs and standardised methods for case 

ascertainment, data collection, and reporting.6 Across the included studies, the 
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pooled crude annual incidence of first-ever stroke in LAC was 119.0 per 100,000, 

with wide variability between settings, and the pooled 1-month case-fatality after first 

stroke was 21.1%. Notably, ICH contributed disproportionately to early mortality: in 

subgroup analyses from the same review, 1-month case-fatality was substantially 

higher for ICH (38.0%) than for IS (13.3%), reinforcing ICH as a high-severity stroke 

phenotype and a priority for targeted improvements in acute care and prevention.  

This excess early mortality is consistent with global evidence that ICH represents a 

particularly severe and resource-intensive stroke subtype. ICH accounts for 

approximately 28.8% of incident strokes, with an age-standardised incidence of 

around 40.8 per 100,000 population and roughly 3.44 million new cases worldwide 

in 2021. Although age-standardised rates have declined over recent decades, the 

absolute burden remains high, with mortality and disability rates disproportionately 

elevated in lower Socio-demographic Index settings. 7,8 Globally, ICH resulted in 3.31 

million deaths and 79.46 million disability-adjusted life years (DALYs), with age-

standardized mortality and DALY rates still significantly elevated in settings with 

lower Socio-demographic Index.9 

3.2.4 Consequences beyond survival 

Improvements in acute care have increased survival, but this has also expanded the 

number of people living with long-term post-stroke sequelae.10 Post-stroke disability 

encompasses a wide range of impairments, including motor deficits, language 

disorders, sensory loss, and cognitive impairment, as well as psychological and 

emotional disturbances such as depression, anxiety, and post-stroke fatigue.11 

These consequences can persist for months or years after the event, significantly 

limiting independence and quality of life.12,13 In ICH specifically, recovery is often 
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protracted and incomplete, and discordance between clinician-rated disability and 

patient-perceived health status is common, reinforcing the need to measure 

outcomes that reflect lived experience rather than impairment alone.14 

From a societal perspective, stroke—including IS and ICH— generates high 

healthcare utilisation, prolonged rehabilitation needs, productivity losses, and 

extensive informal caregiving, with particularly severe consequences in LMICs 

where access to specialised post-acute services and community-based supports is 

frequently constrained. A comprehensive analysis across Europe estimated that in 

2017, the total annual cost of stroke—including medical care, social services, 

productivity losses, and informal care—reached approximately €60 billion, of which 

informal caregiving alone accounted for €16 billion and productivity losses for 

€12 billion.15 The magnitude of this impact is particularly evident in low- and middle-

income countries (LMICs), where access to specialised rehabilitation services is 

limited, and community-based support structures are often underdeveloped.16 

Recent regional evidence reinforces these global patterns. A comprehensive 

analysis of stroke trends across 38 countries and territories of the Americas from 

1990 to 2021 demonstrated that, although age-standardised mortality rates have 

declined in most settings, the absolute number of stroke cases, deaths, and DALYs 

continues to increase, driven primarily by demographic ageing and persistent 

exposure to vascular risk factors. The study further revealed striking disparities: 

while North America has seen consistent reductions in both incidence and disability 

burden, Latin America and the Caribbean continue to carry disproportionately higher 

rates of stroke-related morbidity and mortality.17  
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3.2.5 Treatment strategies across the stroke pathway 

For IS, acute reperfusion therapies (intravenous thrombolysis and mechanical 

thrombectomy in eligible patients) can substantially improve outcomes when 

delivered rapidly, and are complemented by secondary prevention focused on 

vascular risk reduction.18 In practice, the effectiveness of these strategies is highly 

dependent on pre-hospital systems, rapid recognition, organised stroke pathways, 

and equitable access to imaging and specialist care—factors that vary substantially 

across regions and strongly shape real-world impact. 

In contrast, acute ICH management has historically relied on timely physiological 

optimisation and complication prevention.19 Recently, INTERACT3 trial 

operationalised this concept through a pragmatic, goal-directed care bundle for 

acute spontaneous ICH, anchored in early intensive blood pressure lowering (target 

systolic blood pressure <140 mm Hg) combined with structured management 

algorithms for hyperglycaemia, pyrexia, and abnormal coagulation. This bundle was 

shown to be safe and to improve functional outcomes at 6 months, with favourable 

effects on survival and HRQoL, supporting the implementation of bundled, time-

sensitive acute ICH care across diverse health systems.20 

3.2.6 Long-term prevention after stroke: sustained risk-factor control 

Long-term prevention is central to reducing recurrent events and cumulative 

disability after both IS and ICH. For ICH survivors in particular, blood pressure control 

remains a cornerstone modifiable target. However, achieving sustained control is 

frequently limited by adherence barriers and therapeutic complexity in real-world 

settings. In this context, the TRIDENT trial evaluated a fixed low-dose single-pill 



64 
 

“triple pill” strategy (telmisartan, amlodipine, and indapamide) added to standard 

care to intensify and simplify blood pressure lowering after ICH, aiming to reduce 

recurrent stroke and other vascular outcomes while addressing barriers that 

commonly limit effectiveness in routine practice. 21 

The epidemiology of stroke and the evolution of its treatments establish stroke as a 

major source of potentially preventable brain health loss. However, the benefits of 

acute and preventive strategies are not uniform and depend on timely delivery, 

health-system capacity, and continuity of care—factors that vary substantially across 

settings, including Latin America and the Caribbean. This context is essential for this 

thesis because it motivates the need to quantify outcomes beyond survival and crude 

disability, capturing the patient-experienced consequences of stroke across 

recovery. The next chapter therefore introduces patient-centred outcomes in stroke 

and the rationale for preference-based measures as a complementary lens to 

describe and compare lived brain health compromise across populations and study 

designs. 
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3.3 CHAPTER III: PATIENT-CENTERED OUTCOMES IN STROKE 
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3.3.1 Chapter overview  

Building on the preceding chapter’s description of stroke burden and treatment 

strategies, this chapter introduces PCO in stroke and argues that preference-based 

metrics can complement conventional endpoints by incorporating HRQoL valuations. 

Using the UW-mRS at 180 days in a Chilean population-based cohort, the chapter 

shows that utilities decrease consistently with increasing disability and that severe 

post-stroke dependence is associated with substantial health utility loss when valued 

using a local EQ-5D-3L tariff. 

The analyses further indicate that patient-centered outcomes after stroke are shaped 

by baseline vulnerability and initial stroke severity, as measured by the National 

Institutes of Health Stroke Scale (NIHSS). Older age, pre-stroke disability, and 

greater neurological impairment at admission emerged as key determinants of worse 

UW-mRS, alongside sex- and subtype-specific patterns after multivariable 

adjustment. Overall, the chapter positions UW-mRS as a feasible and informative 

endpoint for real-world stroke research in Chile and establishes the methodological 

foundation for subsequent thesis chapters applying preference-based outcomes 

across the stroke spectrum.  



67 
 

3.3.2 Introduction   

Despite the therapeutic advances, traditional endpoints in stroke research (mortality, 

imaging markers, or clinician-rated disability scales such as the mRS) may fail to 

capture the full spectrum of consequences experienced by survivors, particularly 

“invisible” cognitive and psychosocial limitations that strongly influence daily 

functioning and well-being.22 For example, subtle but disabling symptoms, such as 

executive dysfunction or reduced participation in daily activities, are often overlooked 

despite their substantial influence on patient well-being.11 This gap underscores the 

importance of incorporating PCO into both research and practice.  

PCO enable a more holistic evaluation of recovery, integrating the patient’s own 

perspective on their health status and daily functioning. This approach aligns 

outcome measurement with what matters most to patients—such as autonomy, 

cognitive clarity, and social participation—rather than solely focusing on biomedical 

parameters. In this context, preference-based measures like the UW-mRS offer an 

important bridge between traditional disability scales and HRQoL assessment, 

facilitating both clinical interpretation and health-economic evaluation.23,24  

Within this thesis, applying UW-mRS to population-based stroke outcomes in Chile 

provides context-specific evidence on the patient-experienced impact of stroke and 

clarifies which baseline and acute factors drive utility-weighted recovery. This 

framing sets up the next chapters, where preference-based outcomes are extended 

to other stroke phenotypes and study designs, including analyses focused on ICH.  
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3.3.3 Article   

Patient centered outcomes in stroke: utility-weighted modified Rankin Scale 

results in a community-based study  

Doi: 10.3389/fneur.2025.1539107 

3.3.3.1 Introduction  

According to the most recent Global Burden of Disease (GBD) study, stroke remains 

one of the leading cause of death and disability combined worldwide.23 Between 

1990 to 2019, the global burden of stroke, in terms of absolute number of cases, 

increased substantially, with the majority (86.0% of deaths and 89.0% of disability-

adjusted life years, DALYs) residing in low- and lower-middle-income countries 

(LMICs).2 Given the wide range of functional disability among stroke survivors, it is 

crucial to accurately measure and classify these impairments. 

Several scales have been developed to categorize stroke patients. The mRS, a 

seven-level scale of global impairment and disability is widely used as a functional 

outcome measure in both clinical research and practice.24 While the mRS provides 

valuable insights into functional status, it does not reflect the broader impact on 

quality of life.21 Moreover, its power is limited when analysed dichotomously and its 

indication of effect size is difficult to interpret when analysed ordinally.25 Therefore, 

the development of a UW-mRS, which incorporates a health utility scale as PCO, is 

recommended and has been used in several recent clinical trials.26,27 Health utility 

weights represent the preference for a specific health outcome, allowing comparison 

of quality of life across different clinical settings.28 They range from perfect health (a 

score of 1) to outcomes worse than death (where death is scored as 0 and negative 
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values indicate worse-than-death states). The utility approach offers several 

advantages: it aligns with the principles of economic evaluation, enables broad 

comparisons, and provides a detailed view of patients’ experiences, highlighting both 

improvements and declines in health status.28 Despite these benefits, the application 

of UW-mRS outside the clinical setting remains limited.29 

The aim of this study was to incorporate the quality-of-life perspective into functional 

scales and analyze its determinants, by developing the UW-mRS as an outcome 

measure for patients 180 days after suffering a stroke, using data from the Ñuble 

population between 2015 and 2017. 

3.3.3.2 Material and methods 

Individual participant data were pooled from the ÑANDU study, a large prospective 

community-based study in Chile, whose methodology and results have been 

previously published.32 At 180 days after the event, trained personnel conducted 

telephone interviews to evaluate the patients. Information was collected on recovery, 

dependency, and health-related quality of life. 

Instruments 

The mRS is a widely used tool for assessing health outcomes in stroke patients (11). 

The mRS evaluates the level of disability by considering activity limitations and 

lifestyle changes. The scale has 7 grades, from 0 to 6: 0 means no symptoms, 5 

means severe disability, and 6 indicates death.24 

The EuroQol EQ-5D-3L is a questionnaire designed to measure a patient’s health 

status preferences (12). It consists of 5 dimensions: mobility, self-care, usual 

activities, pain, and anxiety. Each dimension has 3 levels: no problems, some 
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problems, and extreme problems, coded from 1 to 3.31 The EQ-5D-3L health states 

are represented by a sequence of 5 numbers that describe each level within each 

dimension. For example, 11111 indicates perfect health, while 33333 represents the 

worst possible health state. The system defines 243 possible health states, each of 

which can be supplemented using a scoring or weighting system to convert profile 

data into a single numerical value: the EQ-5D-3L values.32 These scoring systems 

are typically preference-based, meaning that the problems in each dimension are 

weighted to reflect public perception of their severity. The EQ-5D-3L index values 

are constructed on a scale anchored at 1, representing full health, and 0, 

representing death.32 

The EQ-5D-3L value set was selected from a previous study conducted in Chile, 

which evaluated the health status of the general population using the Time Trade-

Off technique.33 Patients who died during follow-up (mRS = 6) were assigned an EQ-

5D-3L value of 0 (zero). 

Statistical analyses 

Quantitative variables were reported as means (SD) or medians (IQR) depending on 

normality (using K-S test) and were compared according normal/ non-normal 

distribution using the T test or Mann–Whitney U test. Qualitative variables were 

reported as absolute and percentage prevalence and were compared using the χ2 

test or Fisher’s exact test, as appropriate. 

UW-mRS scores were calculated only for patients alive during follow-up using an 

ordinary least squares regression model, with mRS scores as discrete ordinal 

dummy variables and EQ-5D scores as the continuous response variable, adhering 
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to the methodology established by prior studies.34 UW-mRS scores were obtained 

and validated separately for acute IS, intracerebral hemorrhage, and by sex. A 

simple linear regression analysis was performed to identify variables associated with 

UW-mRS scores. Multivariable linear regression models were subsequently used to 

evaluate factors influencing UW-mRS, including both variables significantly 

correlated in the simple analysis and those considered clinically relevant. This 

included sex, age over 70, low socioeconomic status, urban residence, prior 

disability (mRS 3–5), stroke type, and an NIHSS score above 5 at admission. An alfa 

level of 5% (p < 0.05) was considered significant, and 95% confidence intervals were 

used. Data were processed using STATA software (version 18.5).  

3.3.3.3 Results 

Of the 1,103 patients who experienced a stroke between 2015 and 2016, 890 were 

a first-ever stroke. At 180 days post the acute event, 773 patients were evaluated, 

with a 13% loss to follow-up. Baseline characteristics are summarized in Table 3-1. 

The cohort consisted of 398 (51%) females, with a mean age of 70.6 years (14.1). 

Nearly half of the patients (386, 49.9%) had less than 12 years of formal education, 

and 533 (82%) were classified as having low socioeconomic status based on their 

public health insurance classification.35 536 (65%) patients experienced an AIS, had 

a median NIHSS score of 5 (IQR 3–11), and a median hospital stay of 9 days (IQR 

4–15).   
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Demographics (n,%) 
Age, mean SD 70.6 (14.10) 

Female 398 (51) 

<12 years of formal education 386 (49.93) 

Occupation  

- Homemaker 

- Dependent work 

- Self-employment 

- Pensioner 

- Unknown 

166 (21) 

63 (8) 

97 (13.5) 

96 (12.5) 

347 (45) 

Urban residenta 248 (32) 

Low socioeconomic statusb 533 (82) 

Premorbid modified Rankin Scale (n, %) 
0-2 171 (32) 

3-5 47 (8) 

Unknown 374 (60) 

Risk factors, (n, %) 
Hypertension 498/619 (80) 

Atrial Fibrillation 58/617 (9) 

Diabetes Mellitus 221/618 (36) 

Acute coronary syndrome 44/616 (7) 

Hypercholesterolemia 56/617 (9) 

Stroke subtype, (n, %) 
Acute ischaemic stroke 536 (69) 

Intracerebral haemorrhage 106 (14) 

Subarachnoid haemorrhage 44 (5) 

Cerebral venous thrombosis 4 (1) 

Undetermined 83 (11) 

Stroke severity (median, IQR)  

NIHSS at admission (n= 494) 

Glasgow coma scale (n= 274) 

5 (3-11) 

15 (14-15) 

Median time of hospitalization in days (IQR) 9 (4-15) 

Modified Rankin Scale (mRS)  

0-2 341(44) 



73 
 

3-5 165 (21) 

6 267(35) 

Any change in EQ-5D-3L (level 1 or 2)c 

Mobility (n=506) 279 (53) 

Self-Care (n= 505) 181 (36) 

Usual activities (n= 504) 257 (53) 

Pain/Discomfort(n=502) 336 (67) 

Anxiety/Depression(n=499) 263 (53) 
a Based on the sociodemographic characterization of the patient’s municipality of residence at the 

time of the 2017 census. b Among those with National Healthcare insurance; NIHSS, National 

Institutes of Healt Stroke Scale; c Dead patients or patients with no information were excluded. 

Table 3-1 Baseline characteristics of th 1Table 3-1 Baseline characteristics of the 
773 patients with first ever stroke (FES) followed at 180 days. 

At 180 days post-acute event, 41% of patients had an mRS score of 0–2, 21% had 

a score of 3–5, and 35% had died (Table 3-1; Figure 3-1). Among patients with 

hemorrhagic stroke, 62% died, compared to 21% of those with an AIS (p < 0.001). 

No significant differences were observed in the distribution of mRS scores by sex 

(Supplementary Material). 

In the EQ-5D-3L assessment, the most affected dimension was pain/ discomfort 

(67%), followed by mobility and anxiety/depression (53%). Figure 3-2 shows the 

distribution of the EQ-5D-3L for each mRS category. There was a strong negative 

association between mRS and EQ-5D-3L index values overall (r = −0.82; p < 0.001; 

Supplementary Material). 

The UW-mRS values, calculated from the mean EQ-5D-3L utility scores from the 

Chilean population,33 across mRS categories 0–6 at 180 days, were: 0.913, 0.694, 

0.425, 0.249, −0.102, −0.347 and 0, respectively (Table 3-2). When disaggregated 

by sex, females tended to have slightly lower UW-mRS values compared to males, 
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though this difference was not statistically significant (p = 0.194, Figure 2-3). In terms 

of stroke type, IS survivors had lower UW-mRS scores than those with hemorrhagic 

stroke at 180 days post-acute event (Figure 3-3). 

A linear regression analysis was conducted to explore the relationship between UW-

mRS scores and key variables. In the simple regression, significant associations 

were found between age > 70 years (Coefficient β [β] −0.007 [Standard error SE] 

0.001, p < 0.001), lower socioeconomic status (β −0.075 [SE 0.040], p < 0.001), 

previous mRS score of 3–5 (β −0.607 [SE 0.018], p < 0.001), IS subtype (β −0.025 

[SE 0.041], p < 0.001), and NIHSS >5 at admission (β−0.273 [SE 0.028], p < 0.001) 

with worse outcome (Table 3-3). In the multivariable model, age > 70 years (β −0.038 

[SE 0.018], p = 0.032), previous mRS score of 3–5 (β −0.556 [SE 0.197], p < 0.001), 

IS (β −0.066 [SE 0.025] p = 0.010), and NIHSS >5 at admission (β −0.015 [SE 0.002], 

p < 0.001) remained significant predictors of lower UW-mRS scores, with an R2 of 

70%. When the multivariable model was disaggregated by sex to assess potential 

differences, the previous mRS score of 3–5 and NIHSS >5 at admission were 

associated to worse UW-mRS in both sexes (Supplementary Material). Distinctly, 

age > 70 years was significant for males (β −0.069 [SE 0.024], p = 0.006) and having 

an AIS was significant for females (β −0.087 [SE 0.033], p = 0.010) (Figure 3-4; 

Supplementary Material). The model explained a similar proportion of variance in 

both groups, with an R2 of 69% for females and 72% for males (Supplementary 

Material).  
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Figure 3-1 Modified Rankin Scale (mRS) at 180 days after the acute event. 

 

 

Figure 3-2 European quality of life 5-dimensional questionnaire utility scores by 
modified Rankin Scale scores at 180 days of follow up. 
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mRS UW-mRS SD 
0 0.913 0.157 

1 0.694 0.234 

2 0.425 0.425 

3 0.249 0.294 

4 -0.102 -0.102 

5 -0.347 -0.347 

6 0 0 
mRS: modified Rankin Scale, UW-mRS: utility-weighted modified Rankin Scale, SD: standard deviation.  

Table 3-2 UW-mRS values derived for each category of the modified Rankin scale 

 Simple Multivariable Model 
 Coefficient 

β 
Standard 

error 
P 

value 
Coefficient 

β 
Standard 

error 
P 

value 
Sex 0.059 0.030     0.052 -0.006 0.171 0.710 
Age >70 years old -0.007    0.001    <0.001 -0.038 0.018 0.032 
<12 years of formal 
education 

-0.029    0.030    0.347     -0.010 0.017 0.546 

Low socioeconomic 
status a 

-0.075   0.040    0.063 0.006 0.022 0.781 

Urban resident -0.007 0.032    0.812 0.009 0.017 0.613 
Previous mRS 3-5 -0.607 0.018   <0.001 -0.556 0.197 <0.001 
Acute IS -0.025   0.041    0.529 -0.066 0.025 0.010 
NIHSS at admission 
>5 

-0.273   0.028     <0.001 -0.015 0.002 <0.001 

Constant - - - 0.775 0.034 <0.001 
R2: 70%       
a Among those with National Healthcare insurance; NIHSS, National Institutes of Health 
Stroke Scale. 

Table 3-3 Results of Simple and Multivariable Linear Regression Models Analysing 
Factors Associated with UW-mRS Scores 
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Figure 3-3 UW-mRS score derived from the regression model by sex, and stroke 
subtype 
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Figure 3-4 Multivariable model coefficients assessing risk factors by sex with 95% 
confidence intervals. 

3.3.3.4 Discussion 

The present study examined the distribution of health outcomes in a Chilean 

population-based cohort of patients who suffered an acute stroke. To our knowledge, 

this study is the first to derive a quality-of-life scale, like the EQ-5D-3L, using the 

UW-mRS in a community-based study, incorporating the patient perspective outside 

of controlled clinical settings. At 180 days post-stroke, 35% of patients had died, and 

among the survivors, the most affected dimension of the EQ-5D-3L were 

pain/discomfort, followed by mobility and anxiety/depression. These results align 

with studies comparing healthy populations in other countries within the region36 and 

in countries like China. 37 

The UW-mRS values demonstrated a gradual decline in utility as mRS scores 

increased, reflecting the expected deterioration in health-related quality of life as 
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disability worsened. These findings corroborate those of Wang et al., who applied 

similar methodologies based on cohorts from clinical trials. 34 Their reported utility 

values for mRS scores 0-6 were 0.96, 0.88, 0.74, 0.56, 0.25, -0.11, and 0, 

respectively. Notably, the utility values for mRS 4 and 5 were significantly lower in 

the Chilean population, resulting in negative values, which suggest a more severe 

perception of quality of life at the same mRS level compared to Wang et al.'s cohort. 

This variation may be attributed to cultural differences in health perception, 

disparities in access to healthcare, or other socioeconomic factors 32,38 as well as 

the methodological differences between studies that derived the EQ-5D-3L value 

sets. 36,39 These findings underscore the importance of using population-specific 

utility values when calculating UW-mRS scores, as the choice of value set can 

significantly influence results and their interpretation, with important implications for 

clinical practice and research.  

When analysing the UW-mRS scores by sex, females were found to report worse 

health status than males for the same level of motor disability, though the differences 

were not statistically significant. Previous studies indicate that, on average, females 

score 0.03 points lower than males.40 These discrepancies may be explained by the 

influence of distinct cultural and social factors that shape how females perceive and 

report their health status,41 as well as to higher levels of anxiety or depression, pain, 

and discomfort compared to males.42 Interestingly, age emerged as a significant 

predictor of worse UW-mRS scores in males, which may be explained by the fact 

that, at the time of stroke, females were significantly older than males (mean age 

72.17 vs. 68.94 years, p < 0.001). Additionally, IS was a significant predictor of poorer 

outcomes in females. Although the proportion of IS was similar between sexes, a 
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higher percentage of females who suffered IS (30%) had mRS scores between 3 

and 5 compared to males (21%), and the higher UW-mRS weights for IS further 

accentuated the impact on females.  

When comparing UW-mRS scores by stroke type, we found that the values for IS 

were lower than those for ICH, and this impact was more relevant in women. The 

difference may be attributed to the greater severity typically associated with ICH and 

the higher early mortality rate among ICH patients during follow-up.  

This study has strengths and limitations that must be acknowledged. Among its 

strengths, we identified key predictors of UW-mRS scores in stroke survivors, 

including age, prior mRS score, and NIHSS at admission, which aligns with previous 

findings.43 Notably, age over 70 years emerged as a significant predictor only in 

males, while acute IS had a greater impact on females. These sex-specific insights 

are crucial for tailoring personalized treatment and rehabilitation strategies. The use 

of a population-based cohort from a low-income setting adds to the relevance of the 

findings, providing valuable reference data for understanding stroke recovery in real-

world conditions and informing future healthcare policies.  

However, there are also important limitations. The data come from a single 

population-based cohort in Chile, which may limit the generalizability of the findings. 

Despite this, the results are representative of a low-income population with high 

stroke risk factors and could serve as a reference for future population-based 

studies. The follow-up was conducted by telephone, though studies have validated 

this method's effectiveness,44 and it was carried out by trained personnel. 

Additionally, we lacked consistent information on access to rehabilitation or post-
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stroke care, which may have influenced the reported quality of life perceptions. 

Lastly, using the ordinary least squares regression model to derive UW-mRS scores 

may not fully capture the complexity of outcomes across stroke subtypes and 

demographics. Future research should explore alternative models and validate the 

UW-mRS in diverse populations. 

The integration of patient-centered outcomes into a population-based cohort offers 

significant implications for both clinical practice and health policy. For clinicians, UW-

mRS scores provide a more nuanced understanding of recovery trajectories, 

complementing traditional ordinal scales. For policymakers, they highlight the 

importance of incorporating patient valuations into outcome assessment, particularly 

when designing interventions and allocating resources in settings with limited access 

to specialised rehabilitation services. 

Overall, the findings demonstrate that the UW-mRS is a feasible and informative tool 

for evaluating stroke outcomes in Chile, and its application may contribute to 

harmonising stroke research in the region with international standards while 

ensuring alignment with outcomes that matter most to patients. Future studies 

should explore its use in prospective cohorts and clinical trials to further validate its 

applicability across diverse populations.  

3.3.3.5 Conclusion  

These results present UW-mRS values derived from a population-based stroke 

study, further supporting UW-mRS as a reliable measure of PCO in post-stroke 

patients. Key determinants of health-related quality of life included age, prior 

disability, and stroke severity, with age over 70 years being a significant predictor for 
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males and AIS having a greater impact on females. Incorporating UW-mRS as a 

PCO in future stroke research and clinical practice may provide a more nuanced 

understanding of the impact of stroke on survivors, offering valuable insights for 

clinical decision-making and rehabilitation strategies across diverse healthcare 

settings. 
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3.4 CHAPTER IV: PATIENT CENTERED OUTCOMES IN  INTRACEREBRAL 
HEMORRHAGE 
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3.4.1. Chapter overview  

This chapter examines the application of PCO in ICH, using two large international 

clinical trial datasets to characterise recovery beyond conventional endpoints. First, 

a secondary analysis of INTERACT3 evaluates HRQoL at six months using UW-

mRS. In this cohort, more than half of survivors reported utility values below the 

cohort median. Unfavourable HRQoL was most strongly associated with older age 

and markers of clinical severity, including higher admission scores on the National 

Institutes of Health Stroke Scale (NIHSS), larger haematoma volume, and pre-stroke 

disability. Utility scores showed a strong inverse association with the mRS, and the 

resulting UW-mRS values provide a preference-based mapping of disability states 

in ICH. 

Second, a prespecified secondary analysis of TRIDENT uses longitudinal follow-up 

to describe trajectories of utility-weighted disability, HRQoL, cognition, and functional 

status over time. This analysis evaluates whether UW-mRS trajectories differ 

according to randomised allocation, examines the relationship between cognitive 

performance and HRQoL, and identifies predictors of poorer utility-weighted 

outcomes at end of study. 

Taken together, this chapter illustrates how preference-based measures can 

integrate survival, disability, and patient-reported health into a common metric, 

thereby complementing conventional clinical scales and providing a more 

comprehensive characterisation of recovery after ICH. 
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3.4.2 Determinants of Quality of Functional Outcome in ICH. The INTERACT3 trial 

3.4.2.1 Introduction 

The third Intensive Care Bundle with Blood Pressure Reduction in Acute Cerebral 

Haemorrhage Trial (INTERACT3) was a pragmatic, international, multicentre, 

blinded endpoint, stepped wedge cluster randomised controlled trial at hospitals in 

nine low-income and middle-income countries (Brazil, China, India, Mexico, Nigeria, 

Pakistan, Peru, Sri Lanka, and Viet Nam) and one high-income country (Chile). It 

aimed to evaluate the effect of a multifaceted care bundle—comprising rapid 

intensive blood pressure lowering, glycaemic control, antipyretic, and reversal of 

anticoagulation—on outcomes after ICH. The trial demonstrated that implementation 

of this standardized bundle was associated with improved functional outcomes at six 

months, measured by the mRS, with a shift towards lower disability scores compared 

to usual care.1 These findings provided robust evidence to guide acute ICH 

management worldwide, particularly in resource-limited contexts. 

While mortality and functional status remain cornerstone outcomes, there is 

increasing recognition of the need to integrate patient-centered measures to capture 

the broader impact of ICH on survivors’ lives. Building on this premise, the present 

analysis focused on the determinants of HRQoL in survivors of ICH within the 

INTERACT3 population. Specifically, the objective was to evaluate how UW 

outcomes varied according to demographic, socioeconomic, and clinical factors, 

thereby providing a more comprehensive picture of recovery. 

3.4.2.2 Methods 

For the present secondary analysis, functional outcomes were assessed using the 

mRS, while HRQoL was measured using the EQ-5D-3L instrument at six months 
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post-ICH. Patient-reported EQ-5D-3L profiles were converted into utility index values 

by applying country-specific tariffs. In this case, the Chinese EQ-5D-3L value set 

was used for participants from China, while the United Kingdom value set was 

applied to data from other countries to ensure comparability. 

UW-mRS values were derived by mapping mean EQ-5D utilities to each mRS 

category, following established algorithms.2,3 This transformation yielded a 

continuous, preference-based scale integrating both survival and disability. 

To identify determinants of HRQoL, multivariable linear regression models were 

constructed. Independent variables included demographic factors (age, sex, 

occupation as a proxy for socioeconomic status), clinical characteristics (stroke 

severity by NIHSS at baseline, hematoma volume, comorbidities, and pre-stroke 

mRS), and trial-specific factors (care bundle allocation, calendar time). Hospital site 

was incorporated as a random effect to account for within-cluster correlation. Results 

are presented as regression coefficients (β) with 95% confidence intervals, with 

statistical significance set at p<0.05. 

3.4.2.3 Results  

A total of 7.036 patients were included in the analysis, with a mean age of 62 years, 

64% were male. Baseline characteristics are summarized in Table 4-1. At six months 

post- ICH, 978 of 6.255 (15.6%) had died, and 3.908 patients (55.5%) reported 

unfavourable health-related quality of life (HRQoL), defined as EQ-5D utility scores 

<0.702. (Figure 4-1).  
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EQ-5D utility scores showed a strong negative correlation with mRS levels 

(Spearman R = –0.934, p<0.0001) The corresponding UW-mRS values ranged from 

0.983 for mRS 0 to 0.221 for mRS 5. (Figure 4-1). 

In the bivariate analysis, older age, female sex, higher NIHSS score, larger 

haematoma volume, and pre-stroke disability (mRS ≥1) were associated with 

unfavourable HRQoL (all p<0.01). Our bivariate analysis showed thar older patients, 

particularly those aged 65 and above, had significantly lower HRQoL compared to 

younger patients. While males initially appeared to have slightly better HRQoL than 

females, this difference disappeared after adjusting for clinical variables. More 

importantly, clinical factors played the most significant role in HRQoL outcomes. 

Stroke severity, as measured by NIHSS, haematoma volume, and pre-stroke 

disability (mRS ≥1), remained significantly associated with poor HRQoL after 

adjustment.  Patients from China, as well as those who were living at home six 

months post-ICH, tended to report better HRQoL. 

In the regression analyses (Table 4-2), older age was consistently associated with 

unfavourable HRQoL, with an adjusted odds ratio (aOR) of 1.43 per 10-year increase 

(95% CI 1.36–1.50, p<0.0001). Female sex was associated with higher odds of 

unfavourable HRQoL in the crude model (OR 1.15, 95% CI 1.03–1.28, p=0.0099), 

but this association was not significant after adjustment (aOR 1.06, 95% CI 0.94–

1.19, p=0.37). Occupation showed differences in the crude analysis (p<0.0001), 

although these did not remain significant after adjustment (p=0.87). Clinical factors 

demonstrated the strongest associations: NIHSS scores greater than 4 at admission 

were associated with markedly higher odds of unfavourable HRQoL (aOR 3.48, 95% 

CI 2.91–4.17, p<0.0001), as were haematoma volumes greater than 10 mL (aOR 
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2.49, 95% CI 2.21–2.82, p<0.0001). Pre-stroke disability, defined as mRS ≥1, was 

also significantly associated with unfavourable HRQoL (aOR 1.56, 95% CI 1.34–

1.81, p<0.0001). 

 

Figure 4-1 Relationship between Functional Disability (mRS) and Health-Related 
Quality of Life (EQ-5D Utility): Distributions and UW-mRS Values by mRS Category 
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Baseline characteristics Overall Unfavourable 
<median (0.702) 

Favourable 
≥median (0.702) 

P-value 

Age in years, n / mean (SD) 7031 / 62.0 (12.6) 3906 / 63.9 (12.7) 3125 / 59.6 (12.1) <.0001 
Male, n (%) 4503 (64.0) 2471 (63.2) 2032 (65.0) 0.1325 

Country, n(%) 
   China 6356 (90.3) 3534 (90.4) 2822 (90.2) 0.0006 

   India/Parkistan/Sri Lanka/Vietnam 505 (7.2) 256 (6.6) 249 (8.0)  

Brazil/Peru/Chile/Mexico/Nigeria 175 (2.5) 118 (3.0) 57 (1.8)  

Education, n(%) 
Basic 6074 (86.6) 2801 (85.1) 2762 (88.5) <.0001 
Superior 354 (5.1) 182 (4.7) 172 (5.5)  

Never had education 585 (8.3) 399 (10.2) 186 (6.0)  

Occupation, n(%) 
Manual or fieldwork 3256 (46.3) 1467 (37.6) 1489 (47.7) 0.0007 
Formal occupations 883 (12.6) 449 (11.5) 434 (13.9)  

Domestic duties and others 2888 (41.1) 1688 (43.2) 1200 (38.4)   

Clinical features 
SBP (mmHg), n /median (IQR) 7034 / 173.0  

(155.0-192.0) 

3907 / 176.0  

(157.0-196.0) 

3127 / 170.0  

(153.0-189.0) 

<.0001 

NIHSS at admission, n / median (IQR) 6842 / 13.0  3803 / 17.0  3039 / 9.0  <.0001 
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(7.0-22.0) (10.0-27.0) (4.0-16.0) 

GCS score, n / median (IQR) 7029 / 12.0  

(9.0-14.0) 

3905 / 11.0  

(7.0-14.0) 

3124 / 14.0  

(12.0-15.0) 

<.0001 

Medical history, n (%) 
Hypertension 4888 (69.5) 2757 (70.5) 2131 (68.1) 0.0299 
Current alcohol consumption 1394 (19.8) 738 (18.9) 656 (21.0) 0.0289 
Current smoker 1359 (19.3) 723 (18.5) 636 (20.3) 0.0529 

Previous stroke 1076 (15.3) 694 (17.8) 382 (12.2) <.0001 
Diabetes mellitus 729 (10.4) 442 (11.3) 287 (9.2) 0.0036 
Coronary artery disease 193 (2.7) 134 (3.4) 59 (1.9) <.0001 
Hipercolesterolemia 207 (2.9) 125 (3.2) 82 (2.6) 0.1559 

Atrial fibrillation 82 (1.2) 59 (1.5) 23 (0.7) 0.0026 
mRS of >=1 before onset 1586 (22.8) 1007 (26.0) 579 (18.7) <.0001 

Medication at time of admission, n(%) 
Antihypertensive agents 3072 (43.7) 1755 (44.9) 1317 (42.1) 0.0196 
Blood glucose lowering agents 513 (7.3) 314 (8.0) 199 (6.4) 0.0074 
Aspirin or another antiplatelet agent 378 (5.4) 252 (6.4) 126 (4.0) <.0001 
Statin or another lipid lowering agent  222 (3.2) 138 (3.5) 84 (2.7) 0.0440 
Anticoagulation agent 65 (0.9) 42 (1.1) 23 (0.7) 0.1395 

Randomized group, n(%) 
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   Control 3815 (54.2) 2215 (56.7) 1600 (51.2) <.0001 
   Intervention 3221 (45.8) 1693 (43.3) 1528 (48.8)  

Brain imaging features, n(%) 
Deep 5638 (82.3) 3196 (83.7) 2442 (80.6) 0.0009 
Cortical 628 (9.2) 333 (8.7) 295 (9.7) 0.1477 

Cerebellum 369 (5.4) 184 (4.8) 185 (6.1) 0.0191 
Brainstem 351 (5.1) 209 (5.5) 142 (4.7) 0.1428 

Left side hematoma 3403 (49.7) 1876 (49.1) 1527 (50.4) 0.2966 

Midline hematoma 393 (5.7) 236 (6.2) 157 (5.2) 0.0776 

Intraventricular hematoma 2093 (29.8) 1373 (35.2) 720 (23.0) <.0001 
Baseline haematoma volumen,  

n / median (IQR) 

6652 / 15.0  

(7.8, 30.0) 

3703 / 20.0  

(10.0, 36.3) 

2949 / 10.0  

(5.0, 20.0) 
<.0001 

Other management from day 2 to day 7, n(%) 
Decompressive surgery 1035 (55.6) 772 (57.1) 263 (51.8) 0.0027 

Intensive care admission 351 (5.1) 209 (5.5) 142 (4.7) 0.1428 

Residence at home at 6 months 3404 (64.5) 1299 (60.4) 2105 (67.3) <.0001 
Level of education: Basic (Primary, Junior, High School), superior (Undergraduate, Postgraduate.); SBP, Systolic Blood 

Pressure; mRS, Modified Rankin scale score;  

Table 4-1. Participant baseline characteristics in INTERACT3 trial 
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Variable Crude OR 

(95%IC) 

p-value Adjusted 

OR (95%IC 

p-value 

Age (per 10-year increase) 
1.39 

(1.33-1.45) 
<0.0001 

1.43 

(1.36-1.50) 
<0.0001 

Sex (female vs male) 
1.15 

(1.03-1.28) 
0.0099 

1.06 

(0.94-1.19) 
0.3716 

Occupation 
 

<0.0001 
 

0.8740 

      Manual/Fieldwork (Ref) 1.00  1.00  

      Formal occupation 
0.79 

(0.67-0.93) 
 

0.98 

(0.82-1.18) 
 

      Domestic/Other 
1.17 

(1.04-1.32) 
 

1.03 

(0.90-1.17) 
 

NIHSS at admission >4 
4.34 

(3.68-5.13) 
<0.0001 

3.48 

(2.91-4.17) 
<0.0001 

Haematoma volume >10 mL 
2.74 

(2.45-3.07) 
<0.0001 

2.49 

(2.21-2.82) 
<0.0001 

Pre-stroke mRS ≥ 1 
1.84 

(1.61-2.11) 
<0.0001 

1.56 

(1.34-1.81) 
<0.0001 

Table 4-2 Determinants of poor HRQoL in patients with ICH in INTERACT3 
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3.4.2.4 Discussion  

Strengths 

This analysis leverages a large, international cohort of patients with ICH from the 

INTERACT3 trial, providing a robust and generalisable assessment of patient-

reported HRQoL at 6 months. The use of EQ-5D utilities alongside the mRS allowed 

a clear examination of how preference-based HRQoL relates to conventional 

disability outcomes, supporting the relevance of utility-weighted metrics in this 

context. In addition, the availability of detailed baseline clinical variables enabled 

identification of predictors of poor HRQoL that are clinically interpretable and 

consistent with established prognostic determinants after ICH. 

Limitations 

Several limitations should be considered when interpreting these findings. HRQoL 

was assessed at a single follow-up time point and among survivors, which may 

introduce survivor bias and does not capture trajectories of recovery. EQ-5D is a 

generic instrument and may not fully reflect domains particularly relevant after ICH 

(e.g., cognition, communication, participation), and responses may be influenced by 

adaptation and cross-cultural differences in health perception. The predominance of 

recruitment in China may limit generalisability to other regions and may also 

attenuate the apparent influence of socioeconomic variables, particularly if clinical 

severity outweighs contextual gradients in this setting. Finally, residual confounding 

remains possible despite adjustment, especially for social and healthcare system 

factors that are difficult to measure comprehensively. 
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Summary 

In this large, international cohort of patients with ICH from the INTERACT3 trial, more 

than half of survivors reported unfavorable HRQoL at 6 months, highlighting the 

substantial long-term burden of this condition beyond conventional clinical 

outcomes. Predictors of poor HRQoL were consistent with established determinants 

of worse prognosis after ICH, including older age, higher stroke severity at 

admission, larger hematoma volume, and pre-stroke disability. These findings align 

with previous studies that identified clinical severity and baseline functional status as 

key determinants of post-stroke quality of life.4  

The strong correlation observed between EQ-5D utility scores, and the mRS 

reinforces the value of the UW-mRS as a preference-based outcome measure. The 

UW-mRS captures both survival and disability in a single metric, providing a more 

patient-centered representation of recovery compared with the conventional ordinal 

mRS. The derived UW-mRS values from this study (ranging from 0.98 for mRS 0 to 

0.22 for mRS 5) are consistent with prior reports in ischaemic and haemorrhagic 

stroke populations, although scores for moderate disability (mRS3-5) were not as 

low, possibly reflecting more favourable health perceptions in this cohort. 3 

Consistent with prior research, age and stroke severity emerged as the most 

important determinants of post-ICH HRQoL.5 Older age, higher NIHSS scores at 

admission, larger hematoma volume, and pre-stroke disability were all 

independently associated with unfavourable outcomes, underscoring the impact of 

both baseline vulnerability and acute clinical severity. Although previous reports have 

suggested worse HRQoL among women,6 we did not observe an independent 
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association with sex after adjustment, indicating that differences may be explained 

by variations in clinical presentation or baseline characteristics rather than sex itself. 

With respect to socioeconomic status, manual workers initially appeared to have 

worse HRQoL, but this association did not persist after adjustment. Given that the 

vast majority of participants were recruited in China, clinical severity factors may 

have outweighed the influence of socioeconomic variables, and contextual 

characteristics of the study populations may partly explain differences from other 

reports. 

A novel contribution of this analysis is the demonstration of geographical and social 

determinants of HRQoL, with patients from China and those living at home after ICH 

reporting higher utility values. These findings highlight the influence of contextual 

factors—such as healthcare systems, rehabilitation access, and cultural perceptions 

of health—on patient-reported outcomes. Incorporating these dimensions into future 

evaluations is essential for tailoring interventions and ensuring equity in post-stroke 

care.6 

3.4.2.5 Conclusions 

This study, derived from a large international clinical trial, identified key predictors of 

HRQoL and developed UW-mRS scores for patients with ICH. These findings 

enhance our understanding of the long-term impact of ICH and offer a robust 

framework for assessing interventions and outcomes in this population. 
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3.4.3 Longitudinal evaluation of Health-Related Quality of Life after Intracerebral 

Haemorrhage: A Secondary Analysis of the TRIDENT Trial 

3.4.3.1 Introduction 

TRIDENT (A Triple Low-dose Antihypertensive Pill after Intracerebral Hemorrhage) 

trial was an international, multicentre, double-blind, placebo-controlled, parallel-

group randomised trial evaluating a fixed-dose, low-dose triple-pill antihypertensive 

strategy (telmisartan 20 mg, amlodipine 2.5 mg, and indapamide 1.25 mg) versus 

matching placebo, in addition to usual care, for secondary prevention after ICH 

(NCT02699645). Clinically stable participants with confirmed ICH and systolic blood 

pressure 130–160 mmHg were enrolled after a 2-week active run-in phase and 

randomly assigned (1:1) to continue triple-pill or placebo. Details of the study have 

been published elsewhere. 7,8 By targeting intensive blood pressure control, the trial 

aimed to reduce the risk of recurrent stroke and major vascular events in a high-risk 

population. 

In addition to its primary clinical outcomes, TRIDENT incorporated systematic and 

longitudinal collection of PCO, including HRQoL, assessed with EQ-5D-3L, cognitive 

function (MoCA), and functional disability mRS. This comprehensive dataset offers 

a unique opportunity to characterise the long-term trajectories of recovery after ICH 

from a patient-centered perspective. 

In this secondary analysis, we aimed to characterise longitudinal trajectories of 

HRQoL, cognition, and functional disability after ICH in TRIDENT; evaluate whether 

UW-mRS trajectories differed by randomised treatment allocation; examine the 

cognition–HRQoL association; and identify predictors of poorer UW-mRS at end of 

study. 
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3.4.3.2 Methods 

This was a pre-specified secondary analysis of the TRIDENT trial. Participants were 

included if they had at least one post-baseline assessment of the patient-centred 

outcomes relevant to each analysis. 

Procedures and assessments 

Follow-up assessments were scheduled every 6 months up to 72 months after 

randomisation. Cognition, HRQoL, and functional status were assessed using the 

MoCA, the EQ-5D-3L, and the simplified mRS (smRS), respectively, at prespecified 

visits. Assessments were not fully aligned across instruments throughout follow-up 

(Figure 4-2). For participant-level summaries, end of study (EOS) was defined as the 

last attended scheduled follow-up visit (maximum follow-up 72 months), such that 

EOS could occur earlier than 72 months if a participant completed follow-up before 

the final scheduled visit.  

 
Figure 4-2 Schedule of assessments in TRIDENT clinical trial 

. 
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EQ-5D-3L index values were derived using country-specific value sets. The smRS 

was treated as an ordered categorical measure of disability, with lower scores 

indicating less disability. 

Outcomes 

Longitudinal profiles of MoCA, EQ-5D-3L index, and smRS over follow-up were 

described using observed summaries at each scheduled visit. Utility-weighted 

disability was additionally evaluated using the UW-mRS, calculated using an indirect 

utility-weighting approach as described in Chapter 1. 

The association between cognition and HRQoL was assessed using EQ-5D-3L index 

as the outcome and MoCA as the primary predictor, focusing on paired assessment 

timepoints. Because MoCA and EQ-5D-3L were not scheduled at identical visits 

across follow-up, the primary analysis used paired baseline and EOS observations. 

In a prespecified sensitivity analysis, EQ-5D-3L assessments were aligned to the 

most recent prior MoCA score using last observation carried forward (LOCF). 

Statistical analysis 

Baseline characteristics were summarised using mean (SD) or median (IQR) as 

appropriate and counts and percentages for categorical variables. Longitudinal 

differences in UW-mRS between randomised treatment groups were assessed using 

marginal longitudinal models fitted as linear regression with robust standard errors 

clustered by participant. Models included visit indicators and a treatment-by-visit 

interaction; we reported the global test for the interaction and estimated treatment–

control differences at each visit. 
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The cognition–HRQoL association was assessed using mixed-effects linear 

regression with EQ-5D-3L index as the outcome and MoCA as the main predictor, 

including a participant-level random intercept and robust standard errors. Models 

were adjusted for age, sex, education (<12 vs ≥12 years), randomised treatment 

allocation, and follow-up time/visit. To separate within-person from between-person 

associations, person-mean centring of MoCA (within–between/Mundlak 

decomposition) was used to estimate within-individual and between-individual 

effects. 

Predictors of poorer UW-mRS at EOS were examined using multivariable logistic 

regression defining “poor” UW-mRS as below the cohort median. Models included 

age, sex, education, randomised treatment allocation, ethnicity, work status, 

haemorrhage location, haemorrhage side, and relevant vascular risk factors as 

covariates. A sensitivity analysis treated UW-mRS at EOS as a continuous outcome 

using multivariable linear regression with robust standard errors. All statistical tests 

were two-sided with p<0.05. Analyses were performed in Stata. 

3.4.3.3 Results 

A total of 1,670 participants with ICH were included in the analytic cohort (Figure 4-

3, Table 4-3, Supplementary Table S1-2). Mean age was 57.8 years (SD 11.3), and 

563 (33.7%) were female. Mean body index mass (BMI) was 24.5 kg/m² (SD 4.5). 

Most participants were Asian (68.9%), followed by White (12.6%), Black (11.7%), 

and other ethnic groups (6.8%). Countries that participated in the study are shown 

in Supplementary Figure S1. Fewer than 12 years of formal education was reported 

by 570 (34.1%). Regarding social characteristics, 57.1% were employed and 15.4% 
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were retired; approximately one-third worked in manual roles and a similar proportion 

in service roles. 

 

Figure 4-3 TRIDENT flowchart. 

Pre-morbid vascular risk factors and comorbidities were common, with hypertension 

affecting 1,347 (80.7%) participants. Diabetes mellitus was reported in 369 (22.1%), 

and a prior ischaemic stroke or transient ischaemic attack in 82 (5.0%). Among 

participants with available measurements (n=392), haematoma volume had a mean 

of 27.6 mL (SD 67.6). Haemorrhages were most frequently deep (77.1%), typically 

lateralised (51.1% left only; 46.0% right only), with intraventricular blood present in 

17.0% (285/1,669). Presumed etiology was predominantly hypertensive (93.7%).  
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Baseline Characteristics 
Triple pill Placebo Total 
(N=833) (N=837) (n=1670) 

Female sex, n (%) 275 (33.0) 288 (34.0) 563 (33.7) 

Age – years, mean (SD) 57.5 (11.2) 58.0 (11.5) 57.8 (11.3) 

BMI– kg/m2,  mean (SD) 25.0 (4.51) 24.9 (4.57) 24.5 (4.5) 

Race group, n (%)  
   

Asian 610 (73.2) 603 (72.0) 1213 

(72.6) 

White 102 (12.2) 109 (13.0) 211 (12.6) 

Black 96 (11.5) 100 (11.9) 196 (11.7) 

Other 25 (3.0) 25 (3.0) 50 (3.0) 

Educational Level <12 years , n (%) 285 (34.2) 285 (34.1) 570 (34.1) 

Employment, n (%) 
   

Employed (full-time /part-time paid 

work) 

492 (59.0) 462 (55.2) 954 (57.1) 

Home duties 139 (16.7) 137 (16.4) 276 (16.6) 

Retired 119 (14.3) 138 (16.5) 257 (15.4) 

Unemployed 43 (5.2) 55 (6.6) 98 (5.9) 

Other 38 (4.6) 44 (5.3) 82 (4.9) 

Medical history, n (%) 
   

N 833 836 1669 

Hypertension 667 (80.1) 680 (81.3) 1347 

(80.7) 

Diabetes mellitus Type II 163(19.6) 166 (19.9) 329 (19.7) 

ICH (i.e. prior to qualifying ICH) 56 (6.7) 56 (6.7) 112 (6.7) 

Ischaemic heart disease / coronary 

artery disease 

47 (5.6) 55 (6.6) 102 (6.1) 

Ischaemic stroke 33 (4.0) 33 (3.9) 66 (4.0) 

Migraine 22(2.6) 21 (2.5) 43 (2.6) 

Myocardial infarction 21 (2.5) 21 (2.5) 42 (2.5) 

Diabetes mellitus Type I 18 (2.2) 22 (2.6) 40 (2.4) 
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Depression requiring treatment 17 (2.0) 13 (1.6) 30 (1.8) 

Chronic kidney disease 13 (1.6) 16 (1.9) 29 (1.7) 

Coronary bypass grafting or coronary 

intervention 

16 (1.9) 6 (0.7) 22 (1.3) 

Atrial fibrillation 11 (1.3) 7 (0.8) 18 (1.1) 

Transient ischaemic attack 11 (1.3) 5 (0.6) 16 (1.0) 

Valvular heart disease 4 (0.5) 4 (0.5) 8 (0.5) 

Peripheral arterial disease 3 (0.4) 3 (0.4) 6 (0.4) 

Current smoker, n (%) 43 (5.2) 47 (5.6) 90 (5.4) 

ICH characteristics, n (%) 
   

Hematoma volume 
   

N 192 200 392 

Mean (SD) 31.2 (83.3) 24.0 (48.0) 27.6 

(67.6) 

Hematoma side 
   

N 832 836 1668 

Left only 424 (50.9) 429 (51.3) 853 (51.1) 

Right only 384 (46.1) 383 (45.8) 767 (46.0) 

Midline 18 (2.2) 18 (2.2) 36 (2.2) 

Mixed 6 (0.8) 5 (0.7) 12 (0.7) 

Hematoma location 
   

Deep 653 (78.4) 635 (75.9) 1,288 

(77.1) 

Cortical (lobar) 125 (15.0) 127 (15.1) 252 (15.1) 

Both/Other 55 (6.6) 75 (9.0) 130 (7.8) 

Intraventricular blood (n=1669) 137 (16.4) 148 (17.7) 285 

(17.04) 

Presumed aetiologies of ICH, n (%) 
   

Hypertension 785 (94.2) 780 (93.2) 1565 

(93.7) 

Anticoagulation-related  1 (0.1) 4 (0.5) 5 (0.3) 
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Antiplatelet-related  1 (0.1) 1 (0.1) 2 (0.1) 

Cerebral Amyloid Angiopathy related  3 (0.4) 6 (0.7) 9 (0.5) 

Uncertain 25 (3.0) 21 (2.5) 46 (2.8) 

Multiple/other 18 (2.2) 25 (3.0) 44 (2.6) 

Table 4-3 Baseline characteristics of TRIDENT participants. 

UW-mRS over follow-up 

At baseline, mean UW-mRS was 0.637 (SD 0.135) in the placebo group (n=838) and 

0.650 ( SD 0.126) in the triple-pill group (n=833) (Table 4-4). UW-mRS increased 

over follow-up in both groups, reaching 0.724 (0.170) and 0.741 (0.148) at 12 

months, and 0.754 (0.160) and 0.768 (0.143) at 24 months in the placebo and triple-

pill groups, respectively. At EOS, mean (SD) UW-mRS was 0.741 (0.166) in the 

placebo group (n=678) and 0.751 (0.158) in the triple-pill group (n=701).  

Longitudinal cognition, health-related quality of life, and functional status 

Overall, cognition, HRQoL, and functional outcomes improved from baseline and 

were broadly maintained at later follow-up. Median MoCA increased from 22 (IQR 

18–26) at baseline to 25 (IQR 20–28) at EOS (Supplementary Table S3, Figure 4-

4).  



105 
 

  
  

  
UW-mRS 

 
N Global (SD) mRS 0 mRS 1 mRS 2 mRS 3 mRS 4 mRS 5 

Month 0         
Placebo 838 0.637 (0.135) 0.839  0.744  0.648  0.552  0.457  0.361  

Triple pill 833 0.650 (0.126) 0.846  0.754 0.662  0.570  0.478  0.386  

Month 12         

Placebo 653 0.724 (0.170) 0.920  0.770  0.621  0.472  0.322  0.173  

Triple pill 674 0.741 (0.148) 0.918  0.788 0.659  0.530  0.400  0.271  

Month 24         

Placebo 437 0.754 (0.160) 0.931 0.791 0.650 0.510 0.370 0.229 

Triple pill 443 0.768 (0.143) 0.930  0.806  0.682  0.558  0.434  0.310  

Month 36         

Placebo 284 0.753 (0.156) 0.942 0.791 0.639 0.488 0.336  0.185  

Triple pill 293 0.775 (0.139) 0.948 0.817 0.685 0.553 0.422 . 

Month 48         

Placebo 190 0.780 (0.143) 0.950  0.814 0.678  0.542 0.406  . 

Triple pill 207 0.769 (0.151) 0.952 0.801 0.651 0.500 0.349  0.198 

Month 60         

Placebo 96 0.747 (0.196) 0.944 0.790 0.636 0.482 0.328 0.174  

Triple pill 100 0.766 (0.154) 0.942 0.806  0.671 0.535 0.399 0.264  
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Month 72         

Placebo 49 0.796 (0.133) 0.948 0.810 0.672 0.533 0.395 . 

Triple pill 42 0.815 (0.160) 1.002  0.845 0.688 0.531 . . 

EOS         

Placebo 678 0.741 (0.166) 0.931 0.798 0.665 0.532 0.399 0.266 

Triple pill 701 0.751 (0.158) 0.926 0.792 0.659 0.525 0.392 0.258 

Table 4-4 Utility-weighted modified Rankin Scale (UW-mRS) values over follow-up by treatment group and mRS category 
(mean [SD]) 

.
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EQ-5D index increased from baseline (mean 0.643; 95% CI 0.630–0.656) to 12 

months (0.733; 0.720–0.747; n=1,317) and 24 months (0.761; 0.746–0.777; n=873), 

with similar values at EOS (0.747; 0.733–0.760; n=1,374). The proportion of 

participants achieving mRS 0-2 increased from 59.7% at baseline to 82.8% at 12 

months and remained high thereafter (83.9%–87.4% across 24–72 months).  No 

differences were observed in these longitudinal patterns when analyses were 

stratified by randomised treatment group (Supplementary Figure S2). 

In marginal longitudinal models including a treatment-by-visit interaction (linear 

regression with robust standard errors clustered by participant), UW-mRS values  

increased over follow-up in both groups (Table 4-4). There was no evidence of a 

baseline difference between treatment arms (difference at month 0: −0.003), and no 

clear evidence that trajectories differed between groups (p=0.154).  

When exploring the association between cognition and HRQoL, using the primary 

mixed-effects model based on concurrent MoCA and EQ-5D assessments at 

baseline and end-of-study , higher MoCA scores were associated with higher EQ-

5D index values (β=0.012 per 1-point MoCA; 95% CI 0.010–0.013; p<0.001, 

Supplementary Table S4). Older age was inversely associated with lower EQ-5D 

(p<0.001), and women had slightly lower EQ-5D than men (p=0.039), whereas level 

of education and randomised treatment arm were not associated with EQ-5D 

(p=0.905 and p=0.247, respectively). The association between EQ-5D and MoCA 

remained in the prespecified LOCF sensitivity analysis , adjusted for age, sex, 

education, treatment arm, and follow-up time (β=0.009; 95% CI 0.008–0.011; 

p<0.001). Finally, a within–between decomposition showed that the positive MoCA–

EQ-5D index association was present both within individuals over time (within-
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person β=0.0057, p<0.001) and between individuals (between-person β=0.0141, 

p<0.001), with a larger between-person component (Supplementary Table S5). 

  



109 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) MoCA total score (median, IQR) and (b)  Mean EQ-5D index (mean, 95% CI) (c) 
Percentage of participants with mRS 0-2 across follow-up visits.  

  

a. 

b. 

c. 

 Figure 4-4 Cognitive function and health-related quality of life in the randomised 
cohort: 
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Predictors of poorer UW-mRS at the end of the study 

In EOS analyses (n=1,364), a “poor” UW-mRS outcome (defined as UW-mRS below 

the cohort median) was observed in 472 participants (34.4%). In multivariable logistic 

regression, older age was associated with higher odds of poor UW-mRS (adjusted 

OR 1.036 per year, 95% CI 1.023–1.048; p<0.001), as was hypertension (aOR 

1.782, 95% CI 1.291–2.462; p<0.001) (Table 4-5). Compared with White 

participants, Asian ethnicity was associated with lower odds of poor UW-mRS (aOR 

0.669, 95% CI 0.463–0.966; p=0.032), whereas no clear associations were observed 

for Black ethnicity or other ethnic groups. Compared with employed participants, 

those reporting home duties had higher odds of poor UW-mRS (aOR 1.551, 95% CI 

1.044–2.305; p=0.030), while retired, unemployed, or other work categories were 

not associated with the outcome. Compared with deep ICH, cortical (lobar) location 

was associated with lower odds of poor UW-mRS (aOR 0.577, 95% CI 0.408–0.816; 

p=0.002); no association was observed for other locations. No clear evidence of 

association was found for sex, ICH side, or diabetes (all p>0.05). Randomised 

treatment allocation showed a non-significant trend towards lower odds of poor UW-

mRS in the active arm (aOR 0.820, 95% CI 0.650–1.035; p=0.096). 

In sensitivity analyses treating UW-mRS at EOS as a continuous outcome, results 

were broadly consistent. Older age was associated with lower UW-mRS (β −0.003 

per year, 95% CI −0.004 to −0.003; p<0.001) and hypertension was associated with 

lower UW-mRS (β −0.043, 95% CI −0.062 to −0.024; p<0.001). Cortical (lobar) 

location was associated with higher UW-mRS compared with deep ICH (β 0.034, 

95% CI 0.014–0.054; p=0.001). Diabetes was associated with a small increase in 
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UW-mRS (β 0.022, 95% CI 0.001–0.043; p=0.043). No clear associations were 

observed for sex, ethnicity, work status, ICH side, or treatment allocation (all p>0.05) 

Predictor Odds ratio SE p 95% CI 
Age (per year) 1.036 0.006 <0.001 1.023; 1.048 

Female sex 0.902 0.141 0.508 0.664; 1.224 

Ethnic group     

Black 0.721 0.185 0.203 0.437; 1.192 

Other 1.382 0.551 0.416 0.633; 3.018 

Asian 0.669 0.126 0.032 0.463; 0.966 

Work situation      

Retired 1.174 0.216 0.384 0.819; 1.682 

Unemployed 1.135 0.297 0.628 0.680; 1.896 

Home duties 1.551 0.314 0.030 1.044; 2.305 

Other 0.745 0.244 0.368 0.392; 1.414 

Location      

Cortical (lobar) 0.577 0.102 0.002 0.408; 0.816 

Other 0.887 0.236 0.652 0.526; 1.494 

ICH side      

Right only 1.031 0.124 0.799 0.814; 1.305 

Midline 0.600 0.298 0.304 0.227; 1.588 

Mixed 1.211 0.906 0.798 0.280; 5.245 

Hypertension 1.782 0.294 <0.001 1.291; 2.462 

Diabetes 0.851 0.130 0.293 0.631; 1.149 

Treatment arm 0.820 0.098 0.096 0.650; 1.035 

SE: standard error, Reference categories were White ethnic group, employed work 
status, deep ICH location, left ICH side, absence of hypertension, absence of 
diabetes, and placebo treatment arm. Age was modelled per 1-year increase.   

Table 4-5 Multivariable logistic regression for predictors of having a poor UW-mRS 
(below the median). 
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3.3.3.4 Discussion 

Strengths 

This secondary analysis of TRIDENT leverages repeated measures to characterise 

how patient-perceived health evolves after ICH, demonstrating that longitudinal 

HRQoL assessment adds clinically relevant information beyond functional disability 

alone. By jointly examining HRQoL, cognition (MoCA), disability (smRS), and an 

integrative preference-based endpoint (UW-mRS), the analysis provides a 

pragmatic framework to capture broader consequences of ICH beyond dependence 

alone. The within–between decomposition and the use of sensitivity analyses further 

strengthen the robustness of the observed cognition–HRQoL relationship. 

Limitations 

Longitudinal assessment of HRQoL after ICH is informative, yet longer-term 

trajectories remain less well characterised because most prior evidence focuses on 

early follow-up (~90 days).5 In this cohort, no clear differences were detected 

between treatment groups in UW-mRS trajectories. Generic preference-based 

measures may also under-capture post-stroke sequelae and show limited 

discrimination at the healthier end of the scale, particularly in milder strokes; EQ-5D 

utilities can cluster near “full health,” potentially attenuating detectable change at 

later timepoints.9 Accordingly, although UW-mRS pragmatically integrates disability 

and health utility in a multinational cohort, absolute values and between-group 

contrasts should be interpreted cautiously because utilities were derived from 

country-specific value sets; the null between-arm trajectory difference mainly argues 

against a large, consistent treatment effect on utility-weighted disability.10 
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MoCA also has limitations as a longitudinal measure (measurement error, practice 

effects, and uncertainty around the minimum detectable change), which should 

temper causal interpretation of small within-person changes. 12 

Analyses were complete case for each model, so denominators varied by outcome 

and timepoint, and differential missingness related to severity may have introduced 

survivorship/attrition bias; results therefore primarily reflect participants with 

observed long-term follow-up. In addition, MoCA and EQ-5D-3L were not fully 

aligned across follow-up; this was addressed using paired baseline–EOS analyses 

and a prespecified LOCF sensitivity analysis, but this does not fully substitute for 

concurrent repeated measurements throughout follow-up. Finally, the limited 

sensitivity of EQ-5D-3L to mild but clinically meaningful symptoms may have 

attenuated change, partially mitigated here by interpreting HRQoL alongside 

cognition (MoCA), disability (smRS), and UW-mRS as an integrative endpoint. 

Summary 

This secondary analysis of TRIDENT showed that longitudinal HRQoL assessment 

adds clinically relevant information beyond functional disability alone, and it 

quantified a consistent positive association between cognition and HRQoL, 

supporting cognition as an important correlate of patient-perceived health after ICH. 

In addition, UW-mRS provides a pragmatic, patient-centred integrative summary by 

weighting disability states with health-utility values, thereby linking functional status 

with perceived health and offering a framework for capturing broader consequences 

of ICH beyond dependence alone, despite no clear evidence that UW-mRS 

trajectories differed by randomised allocation. 
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As reported in other studies,11 a strong association was observed between cognition 

and HRQoL, where each additional point on the MoCA score was associated with a 

higher EQ-5D-3L index (β = 0.012; 95% CI: 0.010–0.013; p < 0.001), and this 

relationship was maintained when sensitivity analyses were performed. The within-

between decomposition further indicated that the association was present both 

within individuals over time (β-within=0.0057; p<0.001) and between individuals (β-

between=0.0141; p<0.001), with a larger between-person component. The 

quantified effect size is likely to be clinically modest at the individual level but may 

be significant at the population level during long-term follow-up, where subtle 

cognitive differences can influence independence, participation, and perception of 

health. Overall, these findings support routine consideration of cognitive status when 

interpreting HRQoL after ICH and reinforce the value of integrating cognition into 

patient-centered outcome frameworks, rather than treating HRQoL as purely 

“functional.” 

When predictors of poorer UW-mRS at end of study were examined, lower scores 

were associated with older age, hypertension, and home duties (vs paid 

employment), whereas Asian ethnicity and cortical haemorrhage location were 

associated with lower odds of poor UW-mRS. Similar clinical correlates of HRQoL 

after ICH have been reported,5,13 but these associations require cautious 

interpretation: employment status is an imperfect proxy for socioeconomic context, 

premorbid function, and caregiving demands; “ethnicity” in a multinational trial may 

partly reflect centre-level differences and differential valuation of identical health 

states when country-specific EQ-5D value sets are applied; and haemorrhage 

location is intertwined with severity, complications, and selective long-term follow-
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up.14 More broadly, utility-weighted endpoints such as UW-mRS are contingent on 

the choice of utility weights and valuation framework, and substantial between-study 

variability in mRS utility weighting has been documented—limiting causal attribution 

and comparability across cohorts. 

3.3.3.5 Conclusion 

Longitudinal HRQoL assessment complemented traditional functional outcomes by 

characterising patient-perceived recovery over time, supporting interpretation 

beyond a single end-point disability score. A consistent positive association between 

cognition and HRQoL was quantified, indicating that cognitive status is an important 

correlate of patient-reported health after ICH. At end of study, lower UW-mRS was 

associated with older age, hypertension, and not being in paid employment, while 

the inverse associations observed for lobar/cortical location and Asian ethnicity 

warrant cautious interpretation given the potential for residual confounding and 

cross-country differences in utility valuation.  
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3.5 CHAPTER V: POST-COVID-19 CONDITION: CLINICAL 

CHARACTERISATION AND THERAPEUTIC STRATEGIES 
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3.5.1 Chapter overview  

This chapter addresses post-COVID-19 condition (PCC) as an emerging threat to 

brain health, shifting from the vascular injury paradigm emphasised in earlier 

chapters toward an infectious–inflammatory pathway that can nonetheless result in 

persistent neurocognitive and functional limitations.  

Using a Chilean prospective cohort, the chapter characterises the clinical profile of 

PCC and quantifies the persistence of symptoms after hospital discharge, 

highlighting a substantial and clinically meaningful burden at 6 and 12 months. A 

central finding is that recovery is frequently incomplete, with a disproportionate 

impact on women, who report a higher prevalence of cognitive and multisystem 

complaints and lower rates of return to usual activities. In parallel, the chapter shows 

that acute-phase predictors remain difficult to identify consistently, reinforcing the 

need for multidimensional phenotyping and patient-centred endpoints to capture the 

outcomes that matter most to patients.  

Building on this evidence gap—high burden, sex-related disparities, and limited 

predictive tools—the chapter transitions from description to intervention by 

introducing the STRONGER trial framework, designed to test whether a biologically 

plausible, widely available therapy (atorvastatin) can improve cognitive, imaging, 

and patient-centred outcomes in individuals with persistent neurological symptoms 

after COVID-19. This structure therefore advances from observational 

characterisation and risk profiling to pragmatic interventional evaluation and sets the 

rationale for the subsequent chapter’s focus on PCO to quantify PCC burden and 

recovery.  
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3.5.2 Introduction   

Since its emergence in late 2019, COVID-19 has affected hundreds of millions of 

people worldwide, leaving a considerable proportion of survivors with persistent 

symptoms extending beyond the acute phase of infection.1 —commonly referred to 

as long COVID or post-COVID-19 condition (PCC)—encompasses a broad 

spectrum of manifestations, including fatigue, cognitive complaints, sleep 

disturbances, anxiety, and depression.2 Prevalence estimates vary across settings 

and study designs, but may reach up to 40–45% in previously infected individuals, 

with neurological and cognitive symptoms being among the most disabling and 

impactful on daily functioning.3 

From a brain health perspective, PCC represents a shift from the vascular injury 

paradigm addressed in earlier chapters toward an infectious–inflammatory pathway 

that can nonetheless produce sustained neurocognitive and functional limitations. 

Proposed mechanisms include persistent immune activation and dysregulation, 

endothelial and microvascular dysfunction, autonomic disturbance, and, in some 

individuals, potential direct or indirect effects on the central nervous system (Figure 

4-1).4–6 Neurocognitive sequelae such as impaired attention, memory problems, and 

executive dysfunction have been consistently reported, even in individuals with 

initially mild disease. cross cohorts, symptoms such as impaired attention, memory 

difficulties, slowed processing, and executive dysfunction have been reported even 

after initially mild acute disease, and may persist for months, raising concerns about 

their longer-term implications for brain health.7 
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Figure 5-1 Pathophysiological Mechanisms Leading to PCC Neurological 

Symptoms 

. 

Despite growing recognition of PCC as a contributor to chronic morbidity, its 

evaluation and clinical characterisation remain challenging, particularly for 

neurocognitive sequelae. Conventional clinical and epidemiological endpoints often 

under-represent the patient experience and may not adequately quantify the 

outcomes patients identify as most disabling, constraining both the description of 

disease burden and the identification of clinically actionable predictors. To address 

this gap, several studies have applied targeted neuropsychological assessments 

and reported impairments across executive function, attention, and memory, 

motivating the search for biological correlates that can strengthen diagnosis, refine 

prognostication, and inform therapeutic development.8  

Advanced neuroimaging and biomarker approaches provide complementary lenses 

through which to study the neurobiology of PCC. Brain free-water quantification 

derived from diffusion-weighted MRI has emerged as a sensitive marker linked to 

small vessel disease,9 cognitive impairment,10 and neurodegenerative processes.11 

Elevated free-water is thought to reflect extracellular microstructural change 
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associated with vasogenic oedema, neuroinflammatory gliosis, or axonal/myelin 

injury.12 In parallel, blood-based markers of endothelial dysfunction, inflammatory 

activity (including cytokines, chemokines, and acute-phase proteins), and neuronal 

or glial injury (for example, neurofilament light chain and glial fibrillary acidic protein) 

have been proposed as candidate predictors of PCC and its neurological sequelae.13 

Collectively, these data reinforce the multifactorial nature of PCC-related 

neurocognitive impairment and underscore the need for integrated clinical, imaging, 

and biomarker phenotyping aligned with patient-centred outcomes. 

Therapeutic strategies for PCC remain similarly limited. Current management is 

largely symptomatic, and no pharmacological intervention has yet demonstrated 

consistent efficacy in improving neurological recovery in PCC. This unmet need has 

fuelled interest in repurposing medications with pleiotropic actions on inflammatory 

and vascular pathways. Statins, widely used for cardiovascular disease prevention 

via inhibition of 3-hydroxy-3-methylglutaryl coenzyme A reductase, also exert anti-

inflammatory, antioxidant, endothelial function-enhancing, and neuroprotective 

effects.14–17 Observational evidence has further suggested associations between 

statin use and reduced risk of all-cause dementia and Alzheimer’s disease, with 

heterogeneity potentially influenced by statin type, dose, treatment duration, and the 

timing of initiation across the life course.18–23 Importantly, atorvastatin crosses the 

blood–brain barrier due to its high lipophilicity,24 strengthening the biological 

plausibility for evaluating its role in persistent neurological symptoms following 

COVID-19.25 

Against this background, this thesis addresses the PCC evidence gap in two 

complementary steps that align with the overarching theme of patient-centred 
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outcomes. First, it presents evidence from the Chilean NIDO prospective cohort 

(Neuroimaging, Inflammation, and Brain Doppler in patients with prolonged COVID-

19), designed to characterise PCC using a multidimensional approach that 

integrates clinical and neurocognitive assessment with neuroimaging, inflammatory 

and haemodynamic profiling, alongside patient-centred outcomes. Building on this 

framework, the chapter describes the rationale and methodological approach of 

NIDO and examines predictors of symptom burden, aiming to quantify PCC-related 

disability in a way that better aligns with what patients report as most impactful. 

The chapter then introduces the STRONGER trial (STatin TReatment for COVID-19 

to Optimise NeuroloGical recovERy), a pragmatic randomised framework developed 

to evaluate whether atorvastatin can improve cognitive, imaging, and patient-centred 

outcomes in individuals with persistent neurological symptoms after COVID-19. 

Taken together, this structure advances from observational characterisation and risk 

profiling to interventional evaluation within a pragmatic trial platform.  
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3.5.3 Article 

 

Post-COVID-19 condition: a sex-based analysis of clinical and laboratory 

trends 

Doi:  10.3389/fmed.2024.1376030 

3.5.3.1 Introduction  

Since the declaration of the COVID-19 pandemic in March 2020, approximately 760 

million individuals worldwide have been diagnosed with SARS-CoV-2 infection.1 

Beyond the acute phase of the illness, some people experience ongoing symptoms, 

known as post-COVID-19 condition (PCC). PCC includes individuals with confirmed 

or probable COVID-19 who continue to have symptoms or develop new ones at least 

3 months after the initial infection, lasting for at least 2 months.2 Studies suggest that 

a staggering 31 to 67% of patients infected with SARS-COV-2 endure these post-

acute sequelae.3 

Among the published findings related to PCC, a stark disparity emerges, with women 

facing a significantly higher risk compared to men (63.2% vs. 36.8%).26 It has also 

been proposed that the severity of the acute infection and BMI may increase the risk 

of developing PCC,27 although this remains a topic of ongoing debate.28 Both 

systemic inflammation and neuroinflammation, as well as microvascular injury and 

thrombosis are critical to COVID-19 pathobiology.29,30 Among these, the NLRP3 

inflammasome plays a prominent role, triggering the release of highly inflammatory 

cytokines (e.g., IL-1β and IL-18).31  Activation by SARS-CoV-2 of this complex results 

in the downstream production of interleukin-6 and C-reactive protein (CRP)32. 
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Additionally, the central nervous system can initiate an immune response through 

inflammasome activation.33 Moreover, a common genetic polymorphism (NLRP3 

rs10754555 variant) has been reported to enhance systemic inflammation and 

inflammasome activity in patients with atherosclerosis, with those with the C/G and 

G/G genotype being at higher risk.34 This polymorphism may potentially influence 

the severity of COVID-19 and the neurological symptoms experienced by affected 

individuals. As of now, no biomarkers have emerged during acute COVID-19 that 

can predict the occurrence of PCC.35 

Because of the described sex predisposition to PCC, in this study, we sought to 

describe clinical and immunological profiles of acute COVID-19 patients, focusing 

on sex-specific analysis and potential predictors of PCC including comprehensive 

acute inflammatory and immunological response.   

3.5.3.2 Methods 

Study design, patients, and endpoints definitions 

These analyses are based on a prospective single-centre cohort study conducted at 

Clínica Alemana Santiago, Chile. Patients under 65 years of age who were admitted 

for COVID-19 between June 2020 and July 2021 (corresponding to the two first 

waves of the pandemic) were consecutively enrolled. During this initial phase of the 

pandemic, where clinical assessments were severely restricted and there was a risk 

of underreporting comorbidities, we made the decision to concentrate on a younger 

demographic. This approach aimed to mitigate potential comorbidities that could 

independently contribute to poorer outcomes. During this period, the predominant 

circulating variants were Gamma (51.7%), Lambda (22.8%), and Alpha (6%). 36 Only 
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patients who were discharged alive were included in the follow-up at 6 and 12 

months. Detailed records of their previous medical history and acute clinical data 

upon admission were collected. Acute information regarding the patients was 

gathered during the initial 11 days of their hospitalization. The study protocol was 

approved by the local Ethics Committee (2022-33) and informed consent from all 

participants was obtained. 

Baseline clinical-laboratory parameters including white blood cell count, ESR, CRP, 

ferritin and procalcitonin were measured at the time of acute hospital admission. In 

addition, acute phase samples were collected for comprehensive inflammatory 

response assessment including quantification of serum amyloid levels, inflammatory 

cytokines (IL-1β, IL-6, IL-8, IL-10, IL-12, IL-18, TNF) and chemokines (CCL2, CCL5, 

CCL8, CXCL9, CXCL10). Furthermore, samples were tested for the presence of the 

NLRP3 polymorphism (variant rs10754555), considering the C/G and G/G alleles as 

risk genotypes.37 

Following discharge, assessments were conducted by telephone interviews at 6 and 

12 months to identify the presence of PCC symptoms using a structured 

questionnaire. These assessments utilized a structured questionnaire 

encompassing cognitive, cardiovascular, and gastrointestinal symptoms, as well as 

fatigue levels and return to normal activities (Supplementary material 9.3.1). 

Questions were related to current symptoms, therefore only those patients who still 

had symptoms at the time of the call were considered in the PCC group. 
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Statistical analysis 

Quantitative variables are reported as means ± SD or median (IQ range) depending 

on the normality (K-S test) and were compared using T Test or Mann-Whitney U test. 

Qualitative variables are reported as absolute and % prevalence and compared 

using the χ2 test or Fisher’s exact test. A multivariate logistic regression analysis was 

performed to explore variables associated with PCC. The variables were identified 

by univariate logistic regression analysis, including those that correlated significantly 

with the symptoms at follow-up and clinically significant variables were also included. 

In this analysis, we considered sex, age, BMI, data of acute care clinical setting, and 

comorbidities. Multivariable logistic regression was done to obtain an adjusted odds 

ratio with a 95% confidence interval. STATA version 18.0 was used to perform the 

analyses. 

3.5.3.3 Results 

During the study period, a total of 130 patients 

under 65 years were discharged alive (Figure 5-2).  

At six months, 104 patients completed the follow up 

assessment. Patients had a median age of 42 

years (IQR 37-56) and 30% were women. Most of 

them had no comorbidities (64%), while a minority 

had been previously vaccinated against COVID-19 

(19%), and only 11% required invasive mechanical 

ventilation (IMV). (Table 5-1). Regarding the acute 

laboratory findings and immune biomarkers 

obtained during acute hospitalization, it was noted 

Figure 5-2 Study flowchart 
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that women had significantly lower ferritin values compared to men (465 vs 1,141 

ng/ml p=0.004). No differences were found for inflammatory cytokines, chemokines 

or the presence of the NLRP risk variant (Supplementary material 9.3.1).   

Seventy-one (68%) out of 104 patients fulfilled criteria for PCC at 6 months, more 

commonly in women (87 vs. 60%, p=0.007) and those requiring mechanical 

ventilation (p=0.017). (Table 5-2 and 5-3.). Significant differences were observed 

between sexes. Women reported higher presence of cognitive (52 vs 25% p=0.007), 

cardiovascular (26 vs 10% p=0.031), and gastrointestinal (32 vs 8% p=0.002) 

symptoms compared to men. The assessment of return to usual activities revealed 

a significant disparity: 97% of the non-PCC group successfully resumed their usual 

activities compared to 75% within the PCC group (p=0.006). Particularly notable was 

the marked sex contrast within the PCC group; only 61% of women managed to 

resume their usual activities, while a substantial 90% of men with PCC achieved the 

same (p<0.001). 
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  Total Women Men p 
N (%) 104 31 (30) 73 (70) 

 

Age, years* 42 (37-56) 44 (35 - 59) 41 (37 - 55) 0.741 
BMI (kg/cm2)* (n=89) 27.99 (25.81-30.83) 27.63 (25.39 - 31.82) 28.27 (26.29 - 30.39) 0.921 
No comorbidity, (n, %) 67 (64) 20 (64.5) 47 (64.3) 0.990 

Length of hospitalization in days* 5 (4-6) 4 (3.5- 6.5) 5 (4-6) 0.855 
IMV requirement (n, %) 11 (11) 3 (9) 8 (11) 0.846 
Vaccination before the 6-month call 
(n, %) 

20 (19) 6 (19) 14 (19) 0.983 

Blood exams during hospitalization* 
WBC, /mm3  7450(0.597-10200) 7100(4500 - 1020) 7800(6200 - 10200) 0.272 
VHS (mm/h) 43 (27-58) 38 (24-56) 44 (29-60) 0.315 
Highest value of CRP (mg/L) 2.64 (1.4-4.75) 3.08 (1.35 - 5.2) 2.63 (1.42 - 4.60) 0.762 
Ferritin (ng/mL, n=77) 1010 (453-1722) 465 (236 -1261.55) 1141 (700 - 1805) 0.004 
Procalcitonin (ng/mL, n=79) 0.06 (0.02-0.09) 0.07 (0.04 - 0.11) 0.09 (0.06 - 0.16) 0.109 
Serum Amyloid (mg/L) 327.32  

(116.39-954.25) 
265.8  
(74.92 - 265.8) 

446.6  
(131.5 - 973.4) 

0.584 

Inflammatory cytokines during hospitalization* 
IL-1b (pg/mL) 4.82 (4.19-5.30) 4.52 (4.21 - 5.15) 4.86 (4.17 - 5.46) 0.288 
IL-6 (pg/mL) 9.12 (6.26-19.89) 13.18 (6.64 - 21.27) 8.23 (6.04 - 16.89) 0.198 
IL-8 (pg/mL) 15.89 (11.49-25.76) 20.81 (12.43 - 26.36) 14.77 (11.35 - 24.30) 0.228 
IL-10 (pg/mL) 4.29 (2.27-6.02) 4.07 (2.33 - 5.35) 4.36 (2.16 -6.39) 0.596 
IL-12 (pg/mL) 0.82 (0.40-1.47) 0.83 (0.34 - 1.17) 0.83 (0.42 - 1.49) 0.283 
IL-18 (pg/mL) 12.44 (9.18-16.62) 12.24 (7.21 - 15.94) 12.46 (9.45 - 18.06) 0.156 
TNF (pg/mL) 0.12 (0-0.58) 0.26 (0 - 0.74) 0.09 (0 - 0.37) 0.136 
Chemokines during hospitalization* 
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CCL2 (pg/mL) 72.67  
(42.89-119.68) 

80.75  
(51.57 - 122.49) 

63.33  
(37.77 - 119.59) 

0.207 

CCL5 (pg/mL) 17148.1 
(11475.7-25592.5) 

18016.2 
(10798.1 - 25275.1) 

16903.8 
(11592.0 - 25909.9) 

0.800 

CXCL8 (pg/mL) 8.33 (5.30-19.27) 11.11(5.85- 19.88) 7.91 (5.08 -17.56) 0.346 
CXCL9 (pg/mL) 173.18  

(79.76-298.26) 
170.34  
(67.42 - 249.31) 

192.18  
(84.87- 308.11) 

0.399 

CXCL10 (pg/mL) 544.20  
(322.43-1118.59) 

589.43  
(363.46 - 1208.57) 

519.84  
(292.96 - 954.78) 

0.567 

Risk NLRP3 genotype** (n, %) 64 (62) 18 (58) 46 (63) 0.774 
*Values expressed as median and interquartile range (IQR), BMI: body mass index, IMV: Invasive mechanical ventilation; 
WBC: white blood cells, CRP: C reactive protein. **C/G and G/G alleles were considered risk genotypes.  

Table 5-1 Demographic, clinical characteristics and inflammatory parameters of study participants
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Women 
(n=31) 

Men 
(n=73) 

p 
Total 

(n=104) 
Any symptoms referred at 6 

months (PCC), n (%) 

27 (87) 44 (60) 0.007 71 (68) 

Cognition 16 (52) 18 (25) 0.007 34 (32) 

Fatigue 16 (52) 27 (37) 0.166 43 (41) 

Cardiovascular 8 (26) 7 (10) 0.031 15(14) 

Gastrointestinal 10 (32) 6 (8) 0.022 16 (15) 

Return to daily duties at six 

months 

19 (61) 66 (90) < 0.001 66 (90) 

Table 5-2 Sex-Based Differences in Symptom Profiles at 6 Months' Follow-Up. 
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  With 
PCC (n=71) Without PCC 

(n=33) p*** Women 
(n=27) 

Men 
(n=44) 

p** Total 

Age, years* 45 
(36-59) 

43 
(37.5-55) 

0.669 44 
(37-56) 

40 
(37-56) 

0.216 

BMI (kg/cm2) (n=89) 27.06 (25.42-
31.93) 

28.40 (26.54-
30.86) 

0.744 28.19  
(25.71-31.56) 

27.98 (26.15-
29.38) 

0.364 

No comorbidity (Charlson Index 
=0), (n, %) 

17 (63) 28 (63) 0.955 45 (63) 22 (67) 0.745 

Length of hospitalization in days 5 (4-7) 5 (4-7) 0.891 5 (4-7) 4 (4-6) 0.081 
IMV requirement (n,%) 3 (11) 8 (18) 0.424 11 (15) 0 0.017 
Vaccination before the 6-month 
call (n,%) 

4 (14) 8 (18) 0.713 12 (17) 5 (15) 0.313 

Blood exams during hospitalization* 
Ferritin (ng/mL) 470  

(332-1190.8) 
1695  

(849.75-2279.55) 
0.001 1062  

(519-1805) 
876.55  

(340.35 1433) 
0.178 

Procalcitonin (ng/mL) 0.06 
(0.05-0.12) 

0.11  
(0.08-0.18) 

0.021 0.1  
(0.06-0.16) 

0 .08 
(0.04-0.12) 

0.082 

Seric Amyloid (mg/L) 265.8  
(74.92-990.6) 

379.17  
(123.14-987.65) 

0.549 311.74 
(114.8-988.6) 

363.36  
(117.99-890.67) 

0.880 

TNF (pg/mL) 0.26 (0-1.38) 0 (0 -0.312) 0.042 0 (0.10-0.59) 0.020 (0-0.62) 0.203 

PCC: Post COVID Condition; BMI: body mass index; IMV: Invasive mechanical ventilation. *Values expressed as median and 
interquartile range (IQR). ** p-values reflect comparisons between men and women with PCC. *** p-values comparing total 
patients with and without PCC. 

Table 5-3 Differential Analysis of Demographic and Laboratory Characteristics at 6 Months: Patients with and without PCC 

.
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Among those with PCC at the 6-month follow-up (n=71), women presented lower 

levels of ferritin (470 vs 1695 ng/ml p=0.001) and procalcitonin (0.06 vs 0.11 

p=0.021), yet higher TNF values (0.26 vs 0 p=0.042), compared to men in the acute 

phase (Figure 4-3, and Supplementary material 9.3.1). Furthermore, only 56% of 

women with PCC were able to return to their regular activities, in contrast to 86% of 

men (p=0.004). Being women was the only independent predictor factor for PCC at 

six months, as they were 7.60 times more likely to experience it compared to men 

(p=0.026, CI 1.27-45.18) (Supplementary material 7.3.1, Figure 7).  

 

Figure 5-3 Acute phase biomarkers during hospitalisation according to sex in 
patients with PCC symptoms at 6 months. 

* PCC: post COVID-19 condition. (A) Ferritin, (B) Procalcitonin, (C) TNF. 

At 12 months, 87% of patients with previous PCC at 6 months still had symptoms 

but showed no evident clinical or laboratory differences by sex (Supplementary 

material 7.3.1). Importantly, in this subgroup, only 56% of women were able to return 

to their regular activities, as opposed to 86% of men (p=0.004). 
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3.5.3.4 Discussion  

The results of our study provide valuable information on the lasting impact of COVID-

19 among adults under the age of 65 with non-critical disease. Despite a higher initial 

admission rate of men for COVID-19, PCC affected predominantly women. 

Specifically, they reported a higher prevalence of cognitive, cardiovascular, and 

gastrointestinal compromise. This is in line with previous reports,38–40 although it is 

noteworthy that these women did not have other concurrent comorbidities, as has 

been observed in other cohorts.41 

Only female sex was found to be predictive of subsequent PCC. This finding is 

consistent with previous research, which highlights the notable association between 

the risk of PCC and specific socio-demographic factors, in particular female sex.42 

Although some studies have hinted at possible links with ethnicity or pre-existing 

conditions (such as poor mental and general health or asthma), there is a lack of 

consistent evidence across studies to designate these as reliable predictors of 

PCC.43–45 Despite this, we observed clear acute differences in ferritin and 

procalcitonin levels between sexes, with lower levels in women than in men. Many 

studies have found a link between elevated ferritin levels and increased risk of death. 

However, the relationship is complex, and other factors can play a role.42,43 It should 

be noted that, to our knowledge, no previous research has specifically examined sex 

disparities in ferritin values among patients with mild COVID-19. However, the lower 

ferritin values observed in women could be attributed to the fact that they experience 

a milder acute infectious course. In addition, women showed higher TNF values than 

men. This is consistent with recent studies that have indicated elevated TNF levels 

in patients with post-COVID symptoms, suggesting its potential role as a predictor 
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of PCC.44 This finding could be related to variations in immune response, hormonal 

factors, or other underlying biological mechanisms. The absence of notable 

disparities in inflammatory cytokines, chemokines and the NLRP3 risk variant 

suggests a more nuanced interaction between sex and immune response in COVID-

19. At 12-month follow-up, we observed that patients with PCC had no significant 

clinical or laboratory differences, suggesting a possible stabilisation or stagnation of 

symptoms in this subgroup, possibly influenced by different factors such as the 

initiation of COVID-19 vaccination.43 

In terms of the return to daily activities, when comparing individuals with and without 

PCC, the PCC-affected group demonstrated greater difficulty resuming their usual 

routines (75% vs. 97%, p = 0.006). Within the PCC group, women showed 

significantly lower rates of resumption of usual activities compared to men, both at 

6-and 12-months follow-up. This observation points to a possible impact on quality 

of life and highlights the specific obstacles that women may encounter during their 

recovery process. This may be associated with a higher prevalence of 

neuropsychiatric symptoms and the societal expectation that males often shoulder 

the primary role in household support.46 It underlines the need for personalised care 

plans after COVID-19, especially adapted to female patients. 

The results herein support the need to establish PCC assessment in all adults in the 

aftermath of COVID-19, particularly in women, as predictive factors in the acute 

setting remain elusive. 

To the best of our knowledge, this represents the largest cohort of COVID-19 patients 

with a 12-month follow-up, coupled with a comprehensive evaluation of inflammatory 
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biomarkers. This is especially significant as obtaining blood samples during the early 

stages of the pandemic posed considerable challenges, given the limited availability 

of specific laboratory reagents and the associated costs of analysis. Notably, this 

cohort primarily comprised individuals affected during the two initials waves of the 

pandemic; therefore, effects of infection can be assessed independently of 

vaccination, which could be confounding.  

Our study has remarked limitations that deserve to be acknowledged. First, it is a 

single-centre investigation conducted in a relatively uniform cohort of patients with 

moderate COVID-19 severity, because of challenges associated to consenting acute 

severe patients for the study or had died at follow up. In addition, participants were 

under 65 years old. Therefore, larger scale studies covering a broader spectrum of 

patients, including those who did not require hospitalisation and with more 

comorbidities, are essential to validate these findings. Second, our admission 

information was limited to 11 days, potentially leading to loss of relevant information 

from the acute phase. However, the comprehensive characterisation of acute 

patients, including assessment of inflammatory markers and evaluation of risk 

genotypes, lends strength to the study results. Finally, discharge follow-up was 

conducted by telephone and employing a concise questionnaire with broad 

questions regarding PCC symptoms, which could introduce bias in the results by 

restricting participation to those who could answer the call and incomplete 

information. Throughout the pandemic, numerous studies have employed similar 

methodologies, demonstrating their reliability.45–47 Unlike other studies with high non-

response rates or unreachable participants, our study had only a 20% dropout rate 

at 6 months and a 15% dropout rate at 12 months.48 Nevertheless, it is likely that our 
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results are more representative of a younger, healthier population, whereas frail 

subjects are under-represented in our study. 

3.5.3.5 Conclusion 

In summary, our study emphasizes the significance of acknowledging and 

addressing sex-specific nuances among COVID-19 survivors. These findings 

support the need for a more individualized and comprehensive approach to post-

COVID care, with particular attention to the distinct challenges encountered by 

female patients. Further research is essential to elucidate the underlying 

mechanisms contributing to these disparities and to enhance interventions for 

achieving the best possible recovery and rehabilitation outcomes. 

3.5.3.6 Data availability statement 

The datasets presented in this study can be found in online repositories. The names 

of the repository/repositories and accession number(s) can be found at: 

https://www.ncbi.nlm.nih.gov/clinvar/, SUB14168930. 
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3.5.4 Article: Innovative therapeutic strategies for Post-COVID-19 condition 

management 

STatin TReatment for COVID-19 to Optimise NeuroloGical recovery 

(STRONGER): study protocol for a randomised, open label clinical trial in 

patients with persistent neurological symptoms after COVID-19 infection  

Doi: 10.1136/bmjopen-2024-089382 

3.5.4.1 Introduction 

The epidemiological pattern and clinical spectrum, pathogenesis, and complications 

in people infected with SARS-CoV-2 have been well-described.1,2 However, it is 

increasingly recognised that many patients have persistent symptoms, in particular 

related to cardiorespiratory, mobility, cognitive and psychological function. 3–5 This 

phenomenon has been termed “long COVID” to describe symptoms that continue or 

develop after acute COVID-19, arbitrarily defined as either ongoing symptomatic 

COVID-19 (from 4 to 12 weeks) or post-COVID-19 syndrome (12 weeks or more).6  

As many as three-quarters of patients have at least one ongoing symptom several 

months after onset of the infection.7 About 5-10% of individuals experience 

neurological symptoms, including issues with higher-level cognitive functions such 

as sustained attention, cognitive flexibility, and memory, collectively termed ‘brain 

fog’, along with symptoms such as headaches, dizziness, anxiety, depression, 

insomnia, and fatigue.8–11 Such manifestations may persist even among individuals 

with mild or absent respiratory symptoms.12 These late neurocognitive problems 

following COVID-19 could be attributed to: (i) direct non-resolving low-grade 
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inflammation or immune reactions in the brain;13 and (ii) indirect cerebral injury from 

hypotension, hypoxia, and metabolic dysfunction from effects on the heart, lungs and 

other organs.4,14 Full neurocognitive recovery post-COVID-19 may take months,11 

and akin to other forms of brain injury may have long-term impacts on brain health 

and neurodegenerative conditions such as Alzheimer's disease.15  

Several studies have utilized specific tests to diagnose neurocognitive symptoms in 

long COVID patients, revealing impairments in executive functions, attention, and 

memory.16 These findings could be elucidated through various modalities such as 

magnetic resonance imaging (MRI), and blood biomarkers. In particular, brain free 

water quantification using diffusion-weighted MRI is a sensitive marker of small 

vessel disease,17 cognitive impairment (especially decision-making performance 

and working memory)18 and neurodegenerative disease.19 Increases in brain free 

water reflect an enlargement of extracellular space within the cellular matrix of the 

grey matter or axonal pathways of the white matter due to vasogenic oedema, 

neuroinflammatory gliosis, and/or loss of neuropil or myelin.20 Blood markers of 

endothelial damage, immune function (cytokines/chemokines, acute phase 

proteins), and neuronal and glial health (e.g., neurofilament light chain, glial fibrillary 

acidic protein) in the acute phase of COVID-19 may function as predictors of long 

COVID.21 

Statins, widely prescribed for cardiovascular disease prevention, inhibit cholesterol 

biosynthesis by targeting 3-hydroxy-3-methylglutaryl coenzyme A reductase.  They 

also have anti-inflammatory, antioxidant, vascular endothelial function-enhancing, 

plaque-stabilising and platelet aggregation-inhibiting effects.22–24 Statins may have 

neuroprotective effects beyond their cholesterol-lowering properties.25 
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Epidemiological associations show a reduced risk of all-cause dementia and 

Alzheimer's disease in individuals using statins,15,26–29 with effects likely related to 

type, dose, duration, and onset timing over the life course.30,31 Given the key role of 

the neurovascular unit in modifying the brain's susceptibility to injury, any benefit of 

statin therapy is more likely when initiated promptly after an acute inflammatory 

insult.  As atorvastatin crosses the blood-brain barrier due to its high lipophilicity,32 is 

shows promise as a treatment of neurological symptoms of prolonged COVID.33 

Here, we outline the protocol for the STatin TReat-ment for COVID-19 to Optimise 

NeuroloGical recovERy (STRONGER) study, which aims to determine the efficacy 

of atorvastatin in primarily mitigating cognitive decline by reducing (or stabilising) 

neuroinflammation indicated by MRI changes and blood biomarkers. 

3.5.4.2 Objectives  

To determine the effects of a standard 40 mg dose of atorvastatin on improving 

neurological outcomes in adults experiencing persistent cognitive symptoms after 

acute infection with COVID-19. The primary outcome is cognitive processing speed, 

assessed by the symbol digit modalities test (SDMT); the key secondary outcome is 

total white matter free water on MRI. Additionally, the study will investigate other 

cognitive measures and health assessments and MRI markers, including white 

matter hyperintensity volume, perivascular space enlargement, grey matter cortical 

thickness, white matter microstructure, basal ganglia iron load and cerebral 

perfusion. A cost-effectiveness analysis will also be undertaken. 

3.5.4.3 Methods and Analysis 

Study design and setting 
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STRONGER is an international, investigator-initiated and conducted, multicentre, 

prospective, randomised, open label, blinded endpoint study, with a fixed time point 

for outcome assessments. Open label indicates that participants and researchers 

are aware of the treatment allocation. Participants are centrally randomised (1:1) to 

either the intervention group to receive 40 mg atorvastatin for 12 months on top of 

usual care or to the control group to receive usual care. Recruitment began on 5 May 

2022 and ended in July 2024. The follow-up of participants is until July 2025, and 

the results are planned to be presented in October 2025. The study was approved 

for conduct at three medical clinic sites: the Brain and Mind Centre of the University 

of Sydney, Monash University in Australia (central ethics approval from Sydney Local 

Health District Royal Prince Alfred Hospital Ethics, numbers X21-0113 and 

2021/ETH00777 10, date of first approval 19 May 2021) and at the Clínica Alemana 

Universidad del Desarrollo, Santiago, Chile (Comité ético científico: Facultad de 

Medicina, Clínica Alemana de Santiago, Universidad del Desarrollo, number 2021–

75, date of first approval 20 August 2021; government approval: number 

EC1707587, date: 17 November 2021) as outlined in online supplemental file 1. All 

subjects provided written informed consent according to the forms shown in online 

supplemental file 2. 

Eligibility of study participants 

Eligible participants are aged ≥18 years, have a history of COVID-19 that is 

confirmed by a positive PCR test, a rapid antigen test or as per local guidelines for 

COVID-19 diagnosis at the time of screening and have ongoing neurological 

symptoms as a result of COVID-19. These symptoms included problems with 

memory, concentration, sleep disturbance and fatigue and were systematically 
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identified through administration of the Somatic and Psychological Health Report-34 

item questionnaire34 and of any reported loss of smell (anosmia). They must be able 

to participate in all procedures and provide written informed consent. Participants 

were excluded if they had any of the following: evidence of dementia and/or 

significant cognitive impairment on screening; a severe comorbid medical (e.g., renal 

failure) or psychiatric condition (i.e., drug or alcohol dependence and schizophrenia) 

that prevented participation; history of traumatic brain injury with loss of 

consciousness (>30 min) within the last 2 years; ongoing long-term use or clear 

indication or contraindication for statin use; evidence of severe or significant liver 

disease; creatine kinase levels more than twice the upper limit of normal; being 

female of childbearing potential and unable or unwilling to use a reliable method of 

contraception, currently breastfeeding or planned pregnancy. For the subgroup of 

participants who agree to undergo MRI, they must have had no contraindication due 

to metallic body parts or claustrophobia. Finally, participants were excluded if their 

medical history might, in the opinion of their treating physicians, put them at 

significant risk if they were to participate in the trial. 

Intervention 

Participants who meet the eligibility criteria are randomised to receive standard care 

or atorvastatin 40 mg on top of standard care for a period of 12 months (Figure 5-4).  

The randomisation is stratified by country, time (<6 vs. ≥6 months since acute 

COVID-19 illness), age (<60 vs. ≥60 years), current anosmia (yes vs. no) that has 

occurred with temporal relation to COVID-19, and participation in the MRI/biomarker 

sub study.  The study treatment is open label.  The randomisation allocation is 



150 
 

blinded to researchers conducting cognitive assessments and endpoint adjudication; 

participants, physicians and other study team members are aware of the treatment 

allocation.  

Visit Summary 

The study will incorporate a blend of in-person visits and telephone interviews 

(Figure 5-4). Preliminary screening will occur via telephone or teleconference to 

obtain informed consent and review inclusion and exclusion criteria. In-person visits 

will encompass baseline assessments, a clinical evaluation at 6 months, and an end-

of-study assessment at 12 months. During the baseline visit, various evaluations will 

be performed, including fasting blood tests, clinical assessment, cognitive tests, 

health questionnaires, and physical activity assessments. Randomisation will follow 

these assessments, with participants only being informed of their allocation after 

completion of all baseline evaluations to mitigate the risk of differential withdrawal 

between study arms. Furthermore, participants enrolled in the sub-study will undergo 

MRI scans and blood biomarker analyses. The 6-month visit focuses on clinical 

evaluation and adverse event assessment within the treatment group. Upon the 12-

month follow-up, baseline assessments are repeated.  



151 
 

 
Figure 5-4 Flow chart of Stronger design 

Telephone interviews complement in-person visits, particularly at the 6-week mark, 

to evaluate adverse events, medication adherence, and changes in concomitant 

medication. Every effort is to be made to conduct assessments remotely for 

participants unable to attend in-person visits. 

Outcomes  

Primary outcome is processing speed, assessed by the SDMT,35,36 which evaluates 

frontal lobe executive processing.  Participants match numbers to symbols based on 

a cue of 9 abstract symbols paired with numbers.  Performance is measured by the 

number of correct symbols within 90 seconds. 

Secondary outcomes include a comprehensive battery of assessments covering 

executive functions, memory, processing speed, and other domains, alongside 

evaluations of health status, MRI and blood biomarkers.  Furthermore, a cost-

effectiveness analysis, relative to standard care, will be executed.  Table 5-4 provides 

a detailed overview of all evaluations. 
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Cognitive assessments are administered by trained research personnel specialised 

in cognitive measures.  Importantly, the assessments could be conducted either in 

person or via video conference.  

Safety Outcomes 

This study document expected adverse reactions to the study medication of special 

interest (AESI), including myalgia, nausea, elevated blood glucose, elevated 

creatine kinase, abdominal pain, new-onset diabetes mellitus, and rhabdomyolysis. 

These AESIs are closely monitored at specific visits to assess participants' 

tolerability to study drugs, noting whether they are new or continuing from baseline, 

regardless of severity. Additionally, Serious Adverse Events (SAEs)37 and adverse 

events (AEs) are reported. If treatment is discontinued as a result of any AE, serious 

or not, the site study team documents all events leading to the discontinuation of 

treatment.  

Sample size 

A sample of 410 patients will provide 80% power (α=0.05) to detect at least a 0.3 

standard deviation (SD) effect size difference between groups, assuming equal 

group participation. These calculations assume a modest 5% non-compliance and 

5% dropout over 12-months of follow-up. The SDMT age-adjusted mean score is 

estimated at 60 (SD = 13) at baseline (based on healthy control data)35.  The effect 

is based on statin dementia prevention and multiple sclerosis trials, where achieved 

effect sizes of 0.3-0.4 are clinically meaningful and likely to confer public health 

benefits.38 
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For the sub-study of people undergoing MRI, a sample size of 220 (110 per group) 

is estimated to provide 80% power (α=0.05) to detect an effect size of relative 

difference of 5.0-6.5 (variance between groups/variance within groups) for the 

imaging endpoints, assuming a 20% drop out. 

Data collection methods 

All data entry is completed via a secure Web-based data management system (IBM 

Clinical Development) at The George Institute for Global Health. Data entry is 

performed at the participating sites by authorised site staff who have completed 

training and been given appropriate role-based access to the system. Data logic and 

consistency checks are programmed into the data entry forms so that data entry 

errors are captured in real-time and queries auto generated.  Authorised electronic 

signatures are used to lock completed data entry forms once all data queries have 

been resolved within the system.  Data entry and all subsequent changes or 

deletions are captured in an accessible audit trail.  Coding of outcomes is centrally 

performed either automatically via the IBM coding module or manually by the Central 

Coordinating Centre (CCC).  All coding is reviewed and verified by a Medical Monitor.  

Reporting within the system is used for regular data reviews and overall trial 

monitoring.  Data is stored and backed up on the IBM cloud servers in the United 

States. 

Statistical analysis plan 

The study will follow the intention-to-treat principle for analysis. Baseline 

characteristics will be summarised by treatment group. Continuous baseline 

characteristics will be described by means (SD), if approximately normally 
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distributed, or by medians (IQR), if normality cannot be assumed. Categorical 

baseline characteristics will be presented by frequency per category. Statistical 

comparisons of baseline characteristics between treatment and control groups are 

not planned. 

The primary endpoint, SDMT score, will be summarised by means (SD) if normally 

distributed, or by medians (IQR) if normality cannot be assumed. The primary 

analysis will be conducted using linear regression, with the dependent variable being 

SDMT and the independent variable being group allocation (treatment vs control) 

with adjustment for the covariates of age, sex and site. A sensitivity analysis will be 

undertaken with adjustment for any meaningful baseline imbalances and clinically 

confounders. Another sensitivity analysis will be conducted by dichotomising SDMT 

according to population norms (average scores of 54 in Australia and 53.2 in Chile 

for people aged 44 years) and use of logistic regression models with adjustment for 

age, sex and study site. 

Continuous secondary endpoints will be analysed using linear regression, adjusting 

for age, sex, study site, unbalanced baseline characteristics and clinically 

meaningful confounders. Binary secondary endpoints will be analysed using binary 

logistic regression, adjusting for age, sex, study site, unbalanced baseline 

characteristics and clinically meaningful confounders. Ordinal secondary endpoints 

with more than two categories will be analysed using a cumulative logit model, 

adjusting for age, sex, study site, unbalanced baseline characteristics and clinically 

meaningful confounders and with testing of the proportional odds assumption. 
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Descriptive statistics will be provided for safety data, where SAEs and treatment 

discontinuation will be tabulated using standard terminology. Heterogeneity of the 

treatment on the primary endpoint will be assessed in the predefined subgroups of 

age (<60 vs ≥60 years), time since COVID-19 diagnosis (<6 vs ≥6 months), baseline 

C-reactive protein levels (0–9 vs ≥10 mg/L), ethnicity (white Caucasian vs other) and 

prior cardiovascular risk (no vs yes for any of a history of hypertension, 

hyperlipidaemia, current smoker and body mass index (height (cm)/weight (kg) 

≥10).2 The hypothesis is that there will be a larger relative treatment effect in younger 

people, in people with higher levels of inflammation by virtue of an earlier time from 

the acute COVID-19 infection, in people with raised inflammatory markers, in non-

white individuals and those with elevated cardiovascular risk. A detailed outline of 

the statistical analyses will be specified a priori in a full statistical analysis plan prior 

to unblinding of the data. A modelled cost-utility analysis using trial data (health-

related quality of life, captured by EuroQoL Group 5-Dimension 5-level self-report 

questionnaire; drug costs; health service utilisation costs, including AEs) will be 

conducted by comparing use of atorvastatin with standard of care. A 5-year time 

horizon will be undertaken, with analyses conducted in line with accepted Australian 

standards for use of economic evaluation in decision-making. 

Data monitoring 

Trial data are monitored, using central risk-based monitoring principles, to detect any 

unusual patterns of data that would require further investigation. During the study, 

representatives of the CCC monitor site performance and quality via remote 

methods, including via videoconference, to ensure that the study is conducted in 

accordance with the protocol, International Conference on Harmonisation guidelines 
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for Good Clinical Practice (ICH-GCP) guidelines and relevant ethical and regulatory 

requirements. 

Areas of potential bias 

As this is a clinical trial, a major source of bias is selection, so we plan to compare 

the characteristics of participants with those in published cohorts and between those 

who were screened. Being an open trial, another main source of bias relates to 

differential drop-out, for example, participants in the control ‘no treatment’ group 

failing to return to follow-up assessments or withdrawing from the study. We will try 

to reduce this by ensuring that all participants fully understand the importance of 

participation and follow-up, irrespective of ceasing the study medication, and in 

maintaining good communication and relationships with participants. A final source 

of bias is behavioural, where participants in either group may change their lifestyle 

and attitude simply due to participation or in response to factors outside of the trial. 

We will monitor this by asking questions about use of concomitant medications, diet, 

smoking and exercise and through use of actigraphy as a proxy measure of sleep 

and physical activity. There is a low likelihood that the control ‘no treatment’ group 

will receive atorvastatin (i.e., treatment crossover) as this can only be prescribed for 

people who are at high risk of cardiovascular disease.  

Patient and public involvement 

The STRONGER study protocol was presented to the Brain Health Consumer Panel 

of The George Institute for Global Health at meetings in March and November of 

2021. This panel comprises a dozen people with lived experience of brain health 

conditions or their caregivers. Feedback was sought regarding the protocol and 
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patient-facing documents. Those with lived experience provided comments on the 

feasibility of the study, mode of recruitment, activities and information dissemination. 

This feedback was incorporated into the study where appropriate, and there was 

agreement to ensure that the findings of the study, along with a plain language 

summary, will be disseminated to participants of the trial after the study is published. 

3.4.4.4 Ethics and dissemination 

This study protocol was designed and shall be implemented and reported in 

accordance with the ICH-GCP, the National Health and Medical Research Council, 

the National Statement on Ethical Conduct in Human Research and with the ethical 

principles laid down in the World Medical Associations Declaration of Helsinki. 

Potentially eligible participants are provided with information about the study, and 

informed consent is obtained from all participants prior to screening assessments. 

Writing committees, with oversight by the steering committee, will be formed from 

members of the various committees, statisticians, research fellows and 

investigators. Authors of publications must meet the International Committee of 

Medical Journal Editors guidelines for authorship.39 The study has been approved 

by relevant ethics committees and regulatory bodies at country level and local sites 

in Australia and Chile. The current protocol is V.9.0, and all protocol updates have 

been approved by the Steering Committee and Ethics Committees and 

communicated with investigators and Data and Safety Monitoring Board members. 

3.5.4.5 Conclusion 

The study has been approved by relevant ethics committees and regulatory bodies 

at country level and local sites in Australia and Chile.  The current protocol is version 
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9.0, and all protocol updates have been approved by the Steering Committee and 

Ethics Committees and communicated with investigators and Data and Safety 

Monitoring Board (DSMB) members.  
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Name Purpose Assessment 
a. Primary Outcome 
 Symbol Digit 

Modalities Test 
(SDMT)35 

Assesses frontal lobe 
executive processing 

Requires participants to match numbers to symbols according to a key, 
containing 9 abstract symbols each paired with a number.  Performance is 
measured by the number of correct symbols within 90 seconds. 

b. Secondary Outcomes 

N
eu

ro
ps

yc
ho

lo
gi

ca
l A

ss
es

sm
en

ts
 

Rey Auditory 
Verbal Learning 
test (RAVLT-
D)40  

Assesses memory 
and learning  

Requires participants to learn a 15-item word list over 5 learning trials, 
followed by a distractor list, and short and long-delayed recall. 

Oral Trail 
Making Test 
(OTMT)  
A & B41 

Summarizes visual 
search, scanning, 
speed of processing, 
mental flexibility, and 
executive functions 

Has two parts: Part A – participant count from 1 to 25 as quickly as possible.  
In Part B – participant alternately count numbers up to 13 and recite letters of 
the alphabet up to L as quickly as possible.  
The primary performance metric is the time in seconds required to complete 
each of the two parts of the test.   

Delis-Kaplan 
Executive 
Functioning 
System “Stroop” 
Color-Word 
interference 
Test (D-KEF 
CWIT)42 

Measure executive 
functions. 

Has four parts: colour naming, word reading, inhibition, and inhibition/switching. 
Performance is measured by completion time for each trial. 
Composite score: colour naming and word reading times.  
Contrast scores: inhibition vs. colour naming, inhibition/switching vs. 
combined colour naming and word reading, and inhibition/switching vs. 
inhibition, assess disproportionate impairments in higher-level functions 
compared to component functions. 

Semantic 
Fluency (SF)43,44  

Assesses language 
processing 

Requires the generation of as many ‘animal names’ in 1-minute. Performance 
is measured by counting the number of correct unique semantic category 
items produced.  
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Name Purpose Assessment 
a. Primary Outcome 

H
ea

lth
 A

ss
es

sm
en

ts
 

C19-YRS45 
Evaluate the long-
term impact of 
COVID- 19 

It is administered by self-report or clinician. It will be used as a baseline 
measure and then at follow-up at 18 months as an assessment of response 
to therapy. 

Patient Health 
Questionnaire 
(PHQ-9)46 

Measure the 
presence and 
severity of 
depression 

Evaluates each of the nine DSM-V major depression criteria on a scale from 
‘0’ (not at all) to ‘3’ (nearly every day). It aids in making a preliminary diagnosis 
of depression in at-risk populations (e.g., individuals with coronary heart 
disease or after stroke), with scores of ≥10 indicating probable clinically 
significant depression.  

General Anxiety 
Disorder  
(GAD-7)47 

Measure the 
presence and 
severity of 
generalised anxiety 

A score of ≥10 represents a reasonable cut point for identifying cases of 
generalised anxiety. Cut points of 5, 10, and 15 might be interpreted as 
representing mild, moderate, and severe levels of anxiety.  

Pittsburgh Sleep 
Quality Index 
(PSQI)48 

Assesses overall 
sleep quality in 
clinical populations 

Covers 19 self-reported items across seven sub-categories: subjective sleep 
quality, sleep latency, sleep duration, habitual sleep efficiency, sleep 
disturbances, use of sleeping medication, and daytime dysfunction; with five 
additional questions rated by the respondent’s roommate or bed partner, if 
available. Scores >5 are generally indicative of poor sleep quality. 

EQ5D-5L49 Measures HRQoL 

Across five dimensions (mobility, self-care, usual activities, pain/discomfort, 
and anxiety/depression), each rated according to five levels, as well as 
providing an integrated utility score for calculating an overall score against 
population-based preference weights. 
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Name Purpose Assessment 
a. Primary Outcome 
 

International 
Physical Activity 
Questionnaire- 
Long Form 
(IPAQ-LF)50 

Physical Activity 
Assessment 

A valid 27-item self-reported assessment to provide an estimate of physical 
activity and sedentary behaviour for adults aged 15-69 years. Participants 
reflect on activities over the previous 7 days across five domains: 1) 
occupational physical activity; 2) transportation physical activity; 3) 
housework, house maintenance and caring for family; 4) recreation, sport 
and leisure-time physical activity; and 5) time spent sitting. Physical activity 
scores can be calculated in either categorical score (high, medium, low) or 
MET minutes per week. 

c. Sub study outcomes 

M
R

I 

Total white matter 
free water (dMRI)  Using multi-shell diffusion spectral imaging with fibre orientation and 

compartment modelling. 

Others 
 MRI markers of white matter hyperintensity volume, enlarged peri-vascular 

space volume, total grey matter volume, white matter microstructure 
(fractional anisotropy), basal ganglia iron load and total cerebral perfusion, 

B
lo

od
 

bi
om

ar
ke

rs
 Neurodegenerative 

markers  Ptau-181, neurofilament light chain (NfL) and Aβ42/40, and DNA extraction 
for apolipoprotein E genotype. 

Peripheral markers  IL-6, IL-1β,NAD+, TNF-α, hsCRP 

DSM-V denotes Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; EQ-5D-5L EuroQoL Group 5-Dimension 
5-level self-report questionnaire ; hs-CRP high-sensitivity C-reactive protein; MET metabolic equivalent (1 MET is the energy 
spent sitting at rest); NAD nicotinamide adenine dinucleotide; TNF tumour necrosis factor. 

Table 5-4 Outcomes assessed in Stronger trial 
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3.6 CHAPTER VI: PATIENT-CENTERED OUTCOMES IN  POST-COVID-19 
CONDITION 

  



170 
 

3.6.1 Chapter overview 

Chapter IV first characterised the clinical and patient-reported profile of patients with 

PCC and then introduced the STRONGER trial protocol designed to evaluate a 

therapeutic strategy for persistent neurological symptoms after COVID-19. Building 

on that progression, this chapter presents a preliminary cross-sectional analysis of 

baseline (pre-randomisation) STRONGER data to quantify preference-based 

HRQoL using the EQ-5D-5L and to examine its associations with symptom impact, 

mental health, sleep quality, and cognitive performance. This baseline profiling 

complements the prior descriptive work in PCC and provides a benchmark for 

interpreting longitudinal change and treatment effects in subsequent STRONGER 

analyses. 
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3.6.2 Introduction  

Chapter IV described PCC as a complex and heterogeneous syndrome with a 

significant patient-reported disease burden and subsequently introduced the 

STRONGER trial protocol as a pragmatic, randomized framework for evaluating a 

therapeutic strategy in adults with persistent neurological symptoms following 

COVID-19. Within the structure of this thesis, this progression—characterizing PCC 

and then describing the trial designed to address it—leads to an assessment focused 

on the baseline health status of the STRONGER trial participants before considering 

the effects of any intervention. 

HRQoL is a key outcome in PCC, as it quantifies the patient-perceived 

consequences of persistent sequelae on daily functioning and well-being. It has been 

reported that patients with PCC are up to 4.7 times more likely to report a loss in 

quality of life compared to those who did not have PCC after infection.1 In a 

structured review synthesising studies that reported EQ-5D-5L outcomes after 

COVID-19, mean EQ-5D-5L index values were consistently below full health and 

varied across settings, ranging from 0.612 in Iran to 0.714 in the United Kingdom 

(Belgium 0.620; Norway 0.690), suggesting substantial losses in health utility 

beyond the acute phase.2 Moreover, impairment appears multidimensional: across 

three studies reporting EQ-5D-5L domain problems, 25.9% to 45.2% of participants 

reported difficulties in at least one domain, with a particularly high burden in 

pain/discomfort (up to 69.6% in one cohort) and anxiety/depression (up to 58.7% in 

another), underscoring the combined physical and psychosocial constraints 

associated with PCC. 
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Cognitive dysfunction is a clinically relevant contributor to this HRQoL burden, given 

its direct implications for work capacity, social roles, and independent living. 

Evidence showed that 85% of adults with PCC demonstrated impairment in at least 

one cognitive task, with attention and executive function tests showing the highest 

proportion of severe impairment.3  These findings support the need to analyse 

HRQoL alongside cognitive assessments, because symptom persistence alone may 

not fully characterise the functional and participation-related consequences that 

drive perceived health status. 

The need to quantify the patient-perceived health loss associated with PCC has 

accelerated the use of patient-reported outcome measures (PROMs) in this field. A 

COSMIN-based systematic review of PCC-specific PROMs identified substantial 

gaps in the evidence on measurement properties across instruments and highlighted 

content validity as a major limitation, underscoring the need for further validation and 

stronger involvement of both patients and healthcare professionals during 

instrument development and refinement.1 In parallel, given the variable performance 

and limited comparability of disease-specific tools, the review also noted that an 

assessment of generic PROMs recommended the EQ-5D index for PCC, supporting 

the use of preference-based measures when cross-study comparability and 

interpretability on a common utility scale are priorities. This is particularly relevant 

when HRQoL estimates are intended to inform broader decision-making, including 

comparisons across health conditions and health-economic evaluation. Accordingly, 

this chapter applies patient-centred assessment strategies to PCC within 

STRONGER by operationalising preference-based HRQoL measurement. Baseline 

patterns in EQ-5D-derived utility are characterised among enrolled participants, and 
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individuals are classified into “mild” and “extreme” health-status groups based on 

EQ-5D index scores to identify those with the greatest patient-perceived health loss. 

3.6.3 Methods 

This chapter reports a cross-sectional analysis of baseline (pre-randomisation) data 

from STRONGER (ClinicalTrials.gov NCT04904536), an international, multicentre, 

prospective, randomised, open-label, blinded-endpoint trial evaluating atorvastatin 

40 mg plus usual care versus usual care in adults with persistent neurological 

symptoms after confirmed COVID-19 infection. Baseline assessments were 

completed prior to randomisation, and participants were informed of allocation only 

after all baseline procedures had been finalised; therefore, treatment assignment 

was not relevant for the present analysis. The analysis population comprised all 

randomised participants with available baseline EQ-5D-5L data. Analyses used a 

complete-case approach for each model (with denominators reported where they 

differed), and no imputation was performed.  

HRQoL was assessed at baseline using the EQ-5D-5L descriptive system.4 Baseline 

patient-reported symptom and mental health measures included depressive 

symptoms (PHQ-9),5 anxiety symptoms (GAD-7),6 sleep quality (PSQI),7 and PCC 

symptom impact (COVID-19 Yorkshire rehabilitation scale ,C19-YRS).8 These 

questionnaires were administered as part of the baseline visit, alongside clinical and 

cognitive assessments, as specified in the STRONGER protocol mentioned in 

chapter IV.  

Cognitive performance was evaluated using a neuropsychological battery 

comprising global cognition (Blind Montreal Cognitive Assessment, MoCA) as 
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screening,9 with the subsequent neuropsychological battery: processing speed 

(Symbol Digit Modalities Test, SDMT),10 verbal learning and memory (Rey Auditory 

Verbal Learning Test, RAVLT),11 set-shifting/executive control (Oral Trail Making Test 

parts A and B, OTMT-A/B),12 inhibitory control (Stroop/Delis–Kaplan Executive 

Function System Colour–Word Interference Test, D-KEFS CWIT),13 and 

language/executive retrieval (semantic fluency)14 Where published norms were 

available (RAVLT, SDMT, OTMT), scores were converted to norm-referenced z-

scores using Australian normative references; this approach was prioritised given 

the small number of Chilean participants and the lack of validated Chilean norms for 

several tests. When external norms were not applicable, regression-based internal 

norms were derived within the cohort (adjusting for key demographic determinants 

such as age, sex, and education) and used to express performance on a 

standardised scale. 

The primary outcome for this analysis was the EQ-5D-5L index (utility) score at 

baseline, derived by applying Australian and Chilean-based preference weights.15,16   

Baseline HRQoL severity was operationalised using the distribution of the EQ-5D 

index. Participants were categorised into tertiles (low, mid, high), and “extreme 

impairment” was defined a priori as belonging to the lowest tertile. The three-level 

variable was used to describe gradients in HRQoL and to visualise differences 

across EQ-5D domains, while the binary definition (lowest tertile vs the remaining 

two tertiles) was used for multivariable modelling. 

Descriptive analyses summarised baseline EQ-5D index and EQ-5D domain profiles 

using means (SD) or medians (IQR), as appropriate, and proportions for categorical 

variables. For bivariate comparisons, participants with extreme versus non-extreme 
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HRQoL impairment were contrasted using Student’s t-test or Mann–Whitney U test 

for continuous variables and chi-square tests for categorical variables, depending on 

distributional assumptions. Multivariable logistic regression was used to identify 

variables independently associated with extreme HRQoL impairment, with results 

reported as odds ratios (ORs) and 95% confidence intervals. Model diagnostics 

included the Hosmer–Lemeshow goodness-of-fit test, area under the receiver 

operating characteristic curve (AUC), classification statistics, and assessment of 

multicollinearity using variance inflation factors. 

Exploratory analyses examined relationships among continuous health measures 

using correlation matrices (Pearson correlations; with Spearman correlations as a 

sensitivity analysis where distributions were non-normal). All analyses were 

conducted in Stata (v19), using two-sided tests with α=0.05.  

3.6.4 Results  

A total of 190 participants were included in the STRONGER baseline analysis, with 

82% recruited in Australia and 18% in Chile (Table 6-1). The mean age was 44.4 

years (SD 10.5) and 78% were women. The mean time since acute infection was 

13.6 months (SD 9.5), and participants had received a median of 3 COVID-19 

vaccine doses (IQR 3–4). Global cognitive screening performance at trial screening 

(MoCA) averaged 20.5 (SD 1.6). At the baseline clinical assessment, mean BMI was 

29.0 kg/m² (SD 7.0), with mean blood pressure 124/82 mmHg (SD 15/10). 

Laboratory results are provided in Supplementary Table S1.  

Self-reported symptom severity and functional impact were characterised with the 

C19-YRS by contrasting participants perceived pre-COVID-19 and post-COVID-19 
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status (Figure 6-1a). Mean item scores increased across all domains, with the largest 

absolute increases observed for fatigue (1.0 to 7.3), cognition (0.8 to 6.8), pain (0.8 

to 5.5), and communication (0.5 to 5.4). The accompanying heatmap (Figure 6-1b) 

shows that these changes were not limited to shifts in central tendency: responses 

moved from a pre-COVID pattern concentrated at low severity levels (predominantly 

0–2) toward a broader and right-shifted post-COVID distribution, with substantial 

proportions reporting moderate-to-severe impact (commonly 6–10) across multiple 

domains. Full paired summaries for each C19-YRS item are presented in 

Supplementary Table S2. 

Characteristic N (190) 
Country of origin, n (%)  
  Australia 155 (82) 

  Chile 35 (18) 

Age, years, mean (SD) 44.0 (10.5) 

Female sex, n (%) 149 (78) 

Ethnicity, n (%)  
  Caucasian/European 134 (71) 

  Hispanic/Latino 33 (17) 

  Asian/Aboriginal/Other 23 (12) 

Education level, n (%)  

  Secondary 28 (15) 

  University (undergraduate or postgraduate) 136 (73) 

  Technical/vocational training or other 23 (12) 

Partnered (married/de facto), n (%) 118 (65) 

Time since acute infection (months), mean (SD) 13.6 (9.5) 

COVID-19 vaccine doses, median (IQR) 3 (3-4) 

Any comorbidity, n (%) 170 (89) 
Cardiovascular 54 (33) 
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Mental / mood disorder 54 (33) 

Neurological 51 (31) 

Hormonal 42 (26) 

Musculoskeletal 42 (26) 

Respiratory 38 (24) 

Gastrointestinal 31 (19) 

Genitourinary 23 (14) 

Alcohol intake, n=79, (%)  

< 5 standard drinks/week 60 (76) 

≥ 5 standard drinks/week 19 (24) 

Basal physical examination, mean (SD)  

Body Mass Index (kg/m²) 29.0 (7.0) 

Systolic blood pressure (mmHg) 124.1 (15.3) 

Diastolic blood pressure (mmHg) 82.3 (10.6) 

Heart rate (bpm) 76.5 (12.3) 

Cognitive performance (MoCA), mean (SD) 20.5 (1.6) 

Table 6-1. Baseline Characteristics of Stronger participants. 

 
* General health domain was reversed, so higher values represent worse health, for consistency with other items. 
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Figure 6-1. Mean C19-YRS scores: Pre- and Post-COVID-19 comparison. 

Regarding cognitive performance using norm-referenced z-scores  (Table 6-2, 

Figure 6-2), semantic fluency had a mean z-score of −0.67 (SD 1.14). On the RAVLT, 

mean z-scores across learning trials and recall indices ranged from −0.56 to −0.42 

for learning (A1–A5), −0.48 for immediate recall (A6), and −0.52 for delayed recall 

(A7), indicating lower standardised performance in verbal learning and memory 

relative to norms. For the Oral Trail Making Test, mean z-scores were −0.46 (SD 

2.39) for Trail A and 0.01 (SD 1.02) for Trail B. No relevant differences were found 

when analysing data by country (Supplementary Table S3). 

 
Raw score z-score t-score 

SDMT 56.58 (10.56) 0.58 (1.27) 44.18 (12.69) 

RAVLT 

A1 (trial 1) 6.36 (2.04) -0.56 (0.97) 44.40 (9.70) 

A2 (trial 2) 9.69 (2.38) -0.56 (1.11) 44.40 (11.10) 

A3 (trial 3) 11.34 (2.33) -0.42 (0.98) 45.80 (9.80) 

A4 (trial 4) 12.24 (2.23) -0.50 (1.28) 45.00 (12.80) 

A5 (trial 5) 12.74 (2.11) -0.49 (1.30) 45.10 (13.00) 

A7 (delayed recall) 10.79 (3.20) -0.52 (1.23) 44.80 (12.30) 

A6 (immediate recall) 11.11 (3.01) -0.48 (1.23) 45.20 (12.30) 

List B (B1) 6.18 (2.40) -0.17 (1.09) 48.30 (10.90) 

Oral Trail-Making Test 
Trail A (time) 12.13 (65.94) -0.46 (2.39) 45.44 (23.86) 

Trail B (time) 35.45 (67.46) 0.01 (1.02) 50.14 (10.18) 

Semantic Fluency 24.69 (6.25) -0.67 (1.14) 56.6 (11.39) 
SDMT: Symbol Digit Modalities Test; RAVLT: Rey Auditory Verbal Learning Test.  

Table 6-2. Cognitive Assessments at baseline in Stronger participants 
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Higher z-scores correspond to better performance relative to the normative reference. SDMT, Symbol Digit 
Modalities Test; A1-A7 and list b correspond to the Rey Auditory Verbal Learning Test; OTMT-A/B, Oral Trail-
Making Test parts A and B; SF, semantic fluency.  
Figure 6-2. Distribution of age- and education-adjusted z-scores for cognitive tests.  

HRQoL measured with the EQ-5D-5L utility (n=188) showed a mean utility index of 

0.71 (SD 0.22; median 0.78, IQR 0.56–0.89; Supplementary Table S3). Participants 

recruited in Australia reported lower mean EQ-5D utility than those recruited in Chile 

(0.68 [SD 0.22] vs 0.81 [SD 0.16]). Psychological tests indicated a substantial 

symptom burden, with mean PHQ-9 11.0 (SD 5.7), GAD-7 7.6 (SD 5.2), and PSQI 

9.8 (SD 3.8). 

Higher EQ-5D utility was associated with lower depressive symptoms (PHQ-9; 

Pearson r = −0.53, p < 0.001), lower anxiety (GAD-7; r = −0.25, p < 0.001), and 

better sleep quality (lower PSQI; r = −0.23, p = 0.0016). The correlation with 

processing speed (SDMT) was weaker but statistically significant (r = 0.17, p = 

0.022).  

To describe gradients in HRQoL, participants were subsequently classified into 

tertiles of baseline EQ-5D utility, with the lowest tertile defined a priori as “extreme 

impairment”. Overall, 33.5% (63/188) of the participants were classified in the 
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extreme impairment group (Supplementary Table S4). Participants from Chile were 

less likely to belong to the extreme impairment group than those enrolled in Australia 

(OR 0.35, 95% CI 0.14–0.89; p=0.023). Also, large differences were observed in 

patient-reported health measures. Mean EQ-VAS was 40.6 (SD 18.1) in the extreme 

impairment group versus 71.8 (SD 13.6) in the non-extreme group (mean difference 

24.7, 95% CI 19.8–29.7; p<0.001). Depressive symptoms were higher in the extreme 

impairment group (PHQ-9 15.6 [SD 5.8] vs 10.0 [SD 4.7]; mean difference 5.60, 95% 

CI 4.03–7.16; p<0.001), as were anxiety symptoms (GAD-7 9.1 [SD 5.9] vs 6.8 [SD 

4.6]; mean difference 2.34, 95% CI 0.80–3.87; p=0.003). PSQI scores were also 

higher in the group with worst HRQoL (10.4 [SD 3.6] vs 7.9 [SD 3.5], p <0.001).  

Multivariable logistic regression models were fitted to identify independent correlates 

of extreme HRQoL impairment (lowest EQ-5D utility tertile). In the clinical–

demographic model ( Table 6-3), higher MoCA score was associated with lower odds 

of extreme impairment (OR 0.80 per point, 95% CI 0.65–0.98; p = 0.031). 

Participants recruited in Chile had substantially lower odds of extreme impairment 

compared with those recruited in Australia (OR 0.15, 95% CI 0.04–0.63; p = 0.010), 

and having received ≥3 COVID-19 vaccine doses was also associated with lower 

odds of extreme impairment (OR 0.32, 95% CI 0.12–0.81; p = 0.017). No other 

demographic or clinical predictors showed statistically significant associations in this 

model. Model discrimination was moderate (AUC 0.70, Hosmer–Lemeshow p= 

0.99).  
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Predictor                                 
Model 1: clinical demographic 

OR (95% CI) 
p-value 

 Age (years)                               0.99 (0.95–1.02) 0.379 

 BMI (kg/m²)                               1.02 (0.98–1.07) 0.315 

 Time since acute COVID (months)           1.00 (0.96–1.04) 0.989 

 Medical comorbidities (count)             2.06 (0.68–6.23) 0.198 

 MoCA (per point)                          0.80 (0.65–0.98) 0.031 

 Sex: male (vs female)                     0.72 (0.31–1.67) 0.446 

 Ethnicity: non-Caucasian  

(vs Caucasian)   

1.50 (0.55–4.13) 0.431 

 In a relationship (vs not)                0.94 (0.44–2.00) 0.864 

 Country: Chile (vs Australia)             0.15 (0.04–0.63) 0.010 

 Higher education (vs no higher 

education) 

1.94 (0.83–4.55) 0.125 

 ≥3 vaccine doses (vs <3)                  0.32 (0.12–0.81) 0.017 

 Anosmia (yes vs no)                       1.25 (0.50–3.16) 0.633 

 Current smoking (yes vs no)               1.35 (0.42–4.27) 0.613 

 Alcohol consumption (yes vs no)           0.69 (0.33–1.43) 0.316 

Table 6-3 Multivariable associations with extreme HRQoL impairment in baseline 
STRONGER participants 
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3.6.5 Discussion 

Strengths 

This baseline analysis of the STRONGER clinical trial provides a well-characterised 

outpatient PCC cohort (n=190) assessed a mean of 13.6 months after acute 

infection, enabling a structured description of preference-based HRQoL alongside 

an objective cognitive test battery. The use of EQ-5D-5L utilities offers a common, 

interpretable metric to summarise multidimensional burden and to support 

comparisons across studies and conditions.17 The analysis also benefits from 

concurrent measurement of symptom impact, mental health (PHQ-9, GAD-7), sleep 

quality (PSQI), and cognition (including MoCA and SDMT), allowing a clinically 

coherent profile of severe HRQoL impairment beyond a purely distribution-based 

categorisation. Although SDMT was prioritised as the trial’s primary cognitive 

endpoint, the inclusion of memory and executive-function measures is particularly 

informative, as these domains may be more closely aligned with patient-centred 

outcomes and everyday functioning than processing speed alone. 

Limitations 

This chapter reports a preliminary, cross-sectional baseline analysis; therefore, 

observed associations between HRQoL and concurrent symptoms or cognitive 

measures are correlational and do not address treatment effects, which will be 

evaluated longitudinally. Defining “severe/extreme” impairment using internal EQ-5D 

tertiles supports within-cohort stratification but does not map to externally validated 

clinical thresholds; future work using anchor-based methods, clustering, and 

alternative cut-points would strengthen interpretability. Between-country 
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comparisons should be interpreted cautiously because differences may reflect 

recruitment pathways, time since infection, and case-mix rather than PCC burden 

alone; using a single EQ-5D-5L value set improves internal consistency but cannot 

fully account for cross-country differences in health-state valuation. Cognitive 

findings may also be influenced by cross-cultural/language factors, and SDMT-

based eligibility may have truncated processing-speed variability, limiting 

generalisability to more severely affected PCC populations. Finally, multivariable 

models that include overlapping health domains risk collinearity and coefficient 

instability, supporting the use of a parsimonious primary model with extended 

analyses presented separately. 

Summary 

Participants reported a substantial HRQoL burden at baseline, with no clear 

corresponding deficit across the objective cognitive test battery. The mean EQ-5D-

5L utility was 0.71, and one in three participants fell into the lowest tertile (“extreme 

impairment”), consistent with contemporary PCC cohorts showing meaningful 

HRQoL loss, although estimates vary by setting and assessment timing.18 For 

context, an EQ-5D-5L utility of approximately 0.71 is comparable to values reported 

in symptomatic heart failure cohorts (mean EQ-5D-5L index ≈0.78), lower than 

Australian general population norms (mean EQ-5D-5L index ≈0.86) and in many 

post-stroke samples without transient ischaemic attack (mean EQ-5D-5L index 

≈0.78), and higher than utilities commonly reported in major depressive disorder 

(mean EQ-5D-5L utilities ≈0.56). 16,19,20 
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Between-country differences should be interpreted cautiously. Utilities were lower in 

Australia than Chile (0.68 vs 0.81), and this contrast may reflect differences in 

recruitment pathways, case-mix, timing since infection, and how health is self-rated 

across settings, rather than burden alone. 15,21 

Cognitive performance showed modest and heterogeneous decrements (notably in 

verbal learning/memory), with generally small differences across HRQoL strata. In 

contrast, HRQoL varied more clearly with psychological symptom burden (especially 

depressive symptoms) and, to a lesser extent, anxiety and sleep disturbance, 

consistent with evidence that perceived health in ambulatory PCC is often driven 

more by symptom burden than by deficits detectable on standard 

neuropsychological tests.22–24 

In multivariable analyses, severe HRQoL impairment captured a broad phenotype 

characterised by higher psychological symptoms and sleep disturbance. Objective 

cognition contributed only modestly: SDMT associations were statistically significant 

but small, while higher MoCA scores were linked to lower odds of severe impairment. 

Greater vaccine dose exposure (≥3 doses) was also associated with lower odds of 

severe impairment, concordant with evidence that vaccination reduces PCC risk and 

may attenuate symptom burden.25,26 However, findings should be interpreted 

cautiously given the cross-sectional design and moderate model discrimination 

(AUC 0.70).  
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4 DISCUSSION 
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4.1 Key findings and integrative interpretation 

This thesis brought PCO to the foreground of brain health assessment across 

conditions that differ in aetiology, clinical course, and research context. Across 

stroke, intracerebral haemorrhage (ICH), and post-COVID-19 condition (PCC), a 

consistent message emerged: conventional endpoints—including disability scales 

and cognitive tests—remain necessary for clinical and trial evaluation, but they are 

insufficient on their own to characterise outcomes that matter to patients, namely 

how health is experienced, valued, and lived in everyday life. Preference-based 

utilities offered a common metric to summarise multidimensional health and to 

support comparison of burden and recovery across populations. However, these 

analyses also highlight that utility-based outcomes are inherently context-

dependent: valuation choices, cultural and health-system setting, assessment 

timing, and the capacity to self-report can materially influence what PCOs capture 

and how they should be interpreted.   

Therefore, the choice of how to estimate preference-based PCOs was not a purely 

technical detail, but a substantive decision that shaped what could be learned across 

conditions. Using EQ-5D–derived utilities provided a broad, standardised summary 

of health that could be applied across clinically distinct contexts (e.g., 

cerebrovascular disease and PCC), while keeping the analytic focus on how brain 

health is experienced and valued in everyday life. In parallel, utility weighting also 

offered a way to enrich the interpretation of clinician-rated disability: by linking mRS 

categories to preference-based utility values, the UW-mRS expresses functional 

outcome on a scale that is directly interpretable in terms of health-state value, 

thereby integrating information from traditional neurological endpoints with a 
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preference-sensitive metric rather than treating “clinician” and “patient” perspectives 

as competing criteria.  

In the community-based Chilean stroke cohort, utilities declined sharply across mRS 

categories and problems were frequent across EQ-5D dimensions, particularly 

pain/discomfort (67%). Importantly, the burden was not confined to those with severe 

disability: even participants classified as mRS 0–1 reported non-trivial problems 

across EQ-5D domains that a global disability scale is not designed to capture. 

Relative to trial-derived cohorts using similar approaches, utilities in this population-

based sample appeared lower, particularly in higher disability strata (mRS 4–5).1 

This result is consequential because it reframes what “favourable outcome” means: 

functional independence does not necessarily equate to restoration of valued health, 

and preference-based outcomes make residual burden visible in patients who would 

often be considered recovered if interpretation relied on disability grades alone. At 

the same time, the between-cohort contrast reinforces that utilities are not merely a 

different scale; they are sensitive to contextual determinants of recovery (including 

rehabilitation access and broader socioeconomic factors), which conventional 

endpoints capture less directly. 

The ICH analyses extended this integrative logic to an international trial context. In 

INTERACT3, patient-perceived burden at 6 months was substantial and 

determinants of poorer HRQoL were largely explained by markers of acute severity 

and baseline vulnerability, reinforcing that lived health after ICH is strongly shaped 

by the combined effects of pre-event reserve and acute injury. However, the utility 

framework also clarifies a second layer that disability grading alone cannot fully 

resolve: the close correlation between EQ-5D utilities and mRS confirms that 
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disability is a dominant driver of HRQoL, but variation by contextual factors such as 

country and living situation underscores that similar disability grades do not 

necessarily translate into comparable lived health across settings. This matters for 

interpretation and for translation: it indicates that “equivalent” neurological outcomes 

may still correspond to different lived outcomes depending on the environment in 

which recovery occurs. 

TRIDENT then moved the thesis beyond cross-sectional burden by characterising 

longitudinal patterns of patient-centred recovery under controlled conditions. EQ-5D 

index values and functional status improved from baseline and were largely 

maintained, with no clear evidence of differential trajectories by treatment group. Two 

features of the trial context are relevant when integrating this finding: participants 

entered with relatively mild baseline disability (59.7% with mRS 0–2), which may 

have favoured recovery and reduced headroom for detectable between-group 

differences; and the structured follow-up typical of secondary prevention trials may 

have supported broader improvements in care and health behaviours in both groups, 

attenuating contrasts between intervention and placebo arms.2 Crucially, even in the 

absence of clear treatment separation on utility-weighted trajectories, cognition 

remained a consistent correlate of HRQoL. In mixed-effects models with paired 

MoCA and EQ-5D assessments, higher MoCA scores were associated with higher 

EQ-5D index values both between individuals and within individuals over time. Taken 

together, the ICH findings support an integrative outcome model: preference-based 

outcomes do not replace traditional endpoints; rather, they provide a patient-valued 

frame that helps interpret why conventional impairments (including cognitive 

performance) matter in terms of lived health. 
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Finally, PCC provided a stringent test of the thesis framework because outcomes 

are less naturally anchored to a single traditional endpoint, and the relationship 

between patient-perceived impact and objective performance can be discordant. 

The PCC chapters emphasise that PCC is characterised by a multi-domain symptom 

burden, making preference-based PCO particularly relevant to quantify lived health 

loss even when clinician-assessed disability is non-existent, mild, or poorly 

discriminating. In STRONGER, preliminary baseline analyses highlighted an 

interpretive tension: substantial impairment in HRQoL coexisted with a more 

heterogeneous cognitive profile, supporting the interpretation that lived health in 

PCC may be shaped at least as much by fatigue, affective symptoms, sleep 

disturbance, and broader functional impact as by deficits detectable on standard 

cognitive tests at a single timepoint. Notably, sleep emerged as clinically relevant in 

STRONGER, yet sleep is not an explicit EQ-5D dimension; this reinforces the need 

to pair utilities with complementary PROMs when PCC burden is driven by domains 

that generic HRQoL instruments may not capture directly.3 This pattern is consistent 

with growing evidence that subjective cognitive difficulties in PCC can be 

disproportionately driven by fatigue, anxiety/stress, and depressive symptoms, and 

may be only weakly related to objective cognitive performance.4 In this setting, the 

added value of preference-based outcomes is particularly clear: they quantify 

clinically important health loss that conventional anchors may fail to capture or may 

capture ambiguously. 

Viewed across conditions, the thesis therefore contributes more than parallel 

disease-specific summaries. It demonstrates a recurring mechanism by which 

preference-based PCOs improve inference: they reveal residual burden among 
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“favourable” disability outcomes, expose contextual determinants of lived recovery 

in multinational settings, and provide a coherent metric to quantify multidomain 

impact when traditional anchors are weak. At the same time, cross-dataset 

comparisons illustrate why utilities must be interpreted contextually. Similar point 

estimates across conditions should not be read as “equivalent burden” because they 

are anchored to different time points, populations, designs, and EQ-5D versions, and 

they remain sensitive to valuation choices and measurement properties. 

4.2 Contrasts with the scientific literature and contribution of this thesis 

The literature increasingly recognises the need to incorporate patient-valued 

outcomes into neurological research and practice, and utility-weighted disability has 

been proposed to improve interpretability of functional disability gradients. Early work 

positioned the UW-mRS as a patient-centred alternative to purely ordinal mRS 

analyses, and subsequent applications (including MR CLEAN–based evaluations) 

suggested potential gains in statistical efficiency relative to common mRS 

approaches.5 This promise, however, has been accompanied by two enduring 

controversies that frame how preference-based outcomes should be used and 

interpreted. 

The first controversy concerns what is gained—and what may be obscured—when 

a single preference weight is assigned to each mRS category.6 Because UW-mRS 

assigns one value per category, it can mask within-category heterogeneity in 

symptoms, participation, and wellbeing that patients may experience despite similar 

disability grades. The ÑANDU findings empirically reinforce the relevance of this 

concern, particularly in mild disability states (mRS 0–1) where conventional scales 

are prone to ceiling effects and where “good outcome” can conceal persistent pain, 
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participation restriction, and reduced wellbeing. Rather than presenting this as a 

binary choice between disability scales and preference-based outcomes, the thesis 

advances a complementary position: disability grading remains a valid anchor for 

functional severity, but utilities and domain-level profiles add necessary information 

when the clinical question is lived recovery and residual burden. 

The second controversy concerns comparability. Utility estimates are sensitive to 

modelling decisions and to the value sets used to translate EQ-5D profiles into 

utilities; consequently, UW-mRS and utility results may differ across studies and 

settings even when disability distributions appear comparable.7 These concerns 

have been raised in methodological literature and correspondence and are 

supported by substantial between-study variability in published mRS utility weights. 

Within this context, pooled analyses using individual participant data have 

contributed by deriving and applying UW-mRS weights at scale while reinforcing the 

need for transparent reporting of weighting assumptions and context-aware 

interpretation.8 In addition to valuation choice, cross-cultural relevance matters at 

the descriptive level: the salience and interpretation of EQ-5D domains (notably 

anxiety/depression and pain/discomfort) can vary across societies, and differences 

in reporting may reflect cultural norms as well as underlying health. Empirical work 

has shown links between national cultural characteristics and the relative valuation 

of EQ-5D dimensions, supporting the view that both valuation and reporting require 

explicit contextualisation in multinational cohorts such as TRIDENT (including large 

samples from Sri Lanka).9 By applying a coherent preference-based framework 

across a community cohort, a multinational trial, and longitudinal trial analyses, the 

thesis strengthens a pragmatic conclusion emerging from this debate: utilities can 
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enable meaningful synthesis and comparison, but only when the interpretation 

remains explicitly method-aware and context-dependent rather than assuming direct 

equivalence across settings. 

Measurement properties are also central to this debate. Although the EQ-5D index 

was designed to be brief and widely applicable, its discriminative capacity can be 

constrained in milder health states because of ceiling effects, potentially reducing 

sensitivity to subtle but meaningful differences;10 this limitation is partially mitigated 

in the EQ-5D-5L, developed to improve sensitivity and reduce ceiling effects relative 

to the 3L. Likewise, utility-weighted disability metrics depend on the valuation 

framework used to generate the weights and cannot fully capture within-category 

heterogeneity that direct patient report may reveal.11 The thesis advances the field 

by showing that these methodological issues are not abstract: they are directly linked 

to where utilities add value (mild disability states, multinational interpretation, 

multidomain syndromes such as PCC) and to how preference-based outcomes 

should be integrated with conventional endpoints rather than substituted for them. 

Finally, in PCC the thesis aligns with a growing body of evidence describing imperfect 

alignment between subjective cognitive difficulties, objective cognitive performance, 

and HRQoL, with fatigue, affective symptoms, and sleep disturbance frequently 

contributing to perceived health loss.4 The STRONGER baseline interpretation 

strengthens this literature by framing the mismatch in preference-based terms: the 

clinically relevant signal is not only whether objective cognition is impaired, but 

whether patients experience meaningful health loss and functional impact that 

warrants clinical attention and can be tracked over time. 
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4.3 Strengths and limitations 

A key strength of this thesis is the coherent application of a preference-based 

framework across conditions and study designs, enabling integrated interpretation 

anchored on patient-valued health rather than condition-specific endpoints alone. 

The inclusion of both usual-care and trial contexts strengthens interpretability: the 

community cohort provides insight into lived recovery under routine conditions, while 

INTERACT3 and TRIDENT provide standardised assessment, multinational 

generalisability, and longitudinal inference. Another strength is the deliberate 

integration of traditional outcomes (disability and cognition) with utilities, supporting 

an outcomes model that remains clinically grounded. 

Several limitations are inherent to preference-based measurement and constrain 

inference. First, EQ-5D indices may show ceiling effects in milder health states, 

potentially reducing sensitivity to subtle yet meaningful differences;11 although the 

5L improves discrimination, ceiling limitations remain relevant in populations with 

mild impairment. Relatedly, sensitivity limitations can also operate at the opposite 

end of severity. In advanced cognitive impairment, some measures may show floor 

effects or reduced responsiveness, and the feasibility and validity of self-report can 

diminish, increasing reliance on proxy reporting and potentially altering the construct 

being measured. This has been documented in dementia research using EQ-5D, 

where responsiveness evidence is mixed and self-completion becomes less feasible 

as disease progresses.12 Second, utility-weighted disability metrics compress 

heterogeneity within mRS grades and may underrepresent symptom burden, 

participation restriction, or wellbeing differences that matter to patients.13 Third, 

cross-setting and cross-condition comparisons are constrained by differences in 
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instrument versions, assessment timing, study design, and valuation choices; 

therefore, similarities in utility point estimates across datasets should not be 

interpreted as equivalent burden. These limitations do not invalidate the approach; 

they define the conditions under which preference-based outcomes are most 

informative and how they should be reported and interpreted. 

4.4 Future directions 

Future research should build on these findings to strengthen both the methodological 

rigour and clinical usefulness of preference-based PCO in brain health. Priorities 

include developing and validating tools that better identify when brain health is 

meaningfully affected from the patient perspective and ensuring that such measures 

remain applicable across different neurological conditions and care settings. This 

thesis supports a precision-medicine approach in which objective assessments are 

complemented by how individuals experience and value their health.  

Beyond methodological refinement, the most direct implication of this thesis is for 

clinical follow-up pathways and trial design. In practice, preference-based PCOs can 

operationalise “what matters” by systematically revealing domains that are not 

reliably captured by clinician-rated disability or isolated cognitive tests, thereby 

supporting more targeted symptom management, rehabilitation referral, and 

psychosocial support. For trials, these findings reinforce the rationale for 

incorporating patient-centred endpoints more routinely—ideally as prespecified 

secondary outcomes and, in selected settings, as co-primary outcomes—particularly 

when biological effects do not clearly translate into patient-relevant benefit. This 

issue is exemplified by current debates around disease-modifying therapies in 

Alzheimer’s disease: biomarker changes such as amyloid removal do not, by 
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themselves, resolve questions about meaningful effects on daily functioning, quality 

of life, and caregiver burden, which remain central to decision-making.14 In Australia, 

broader national initiatives such as the Australian Dementia Network (ADNeT) aim 

to strengthen trial readiness and the relevance of outcomes by linking research, 

clinical services, and people with lived experience, illustrating the direction of travel 

towards more patient-centred evaluation frameworks.15 

Methodological work should move beyond reliance on a single index by routinely 

pairing utility estimates with domain-level profiles and complementary PROMs (for 

example, fatigue, sleep, mood, and participation). This is particularly important in 

mild disability states, where residual burden can be substantial yet easily overlooked 

by traditional endpoints. In parallel, greater emphasis is needed on feasibility and 

implementation: PCO must be translated into practical, clinically interpretable 

outputs that can be used efficiently by clinicians and understood by patients, 

leveraging current measurement platforms and emerging digital tools. 

In the short term, an immediate extension of this thesis is to evaluate the main 

outcomes of the STRONGER clinical trial and integrate them with the preference-

based approach proposed here. This will enable identification of determinants of 

improvement versus persistence and assessment of whether interventions 

meaningfully change lived health even when objective cognitive outcomes show 

limited change. Finally, implementation-oriented research is warranted to test 

whether routine incorporation of preference-based PCOs into follow-up pathways 

results in more targeted rehabilitation, symptom management, and psychosocial 

support. Over time, wider adoption of standardised PCO could also support health-
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economic evaluation by quantifying the costs associated with impaired brain health 

and the value of interventions that improve patient-valued outcomes.  

Finally, an important longer-term extension—beyond the scope of this thesis—is to 

link patient-centred outcomes to biological mechanisms, particularly 

neuroinflammatory and glial pathways implicated in both cerebrovascular disease 

and post-infectious syndromes. Emerging work suggests that biomarkers may index 

neuroglial activation and injury in COVID-related neurological phenotypes, and 

analogous pathways are increasingly relevant in vascular brain health research. 

Integrating such biomarkers with preference-based PCOs could help clarify when 

biological change translates into patient-valued benefit.16 
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5 CONCLUSION 
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This thesis advanced patient-centred assessment of brain health by applying PCO 

in highly prevalent and disabling conditions: stroke and post-COVID-19. The work 

demonstrated that conventional assessment criteria, such as disability scales and 

cognitive tests, remain indispensable but do not fully capture what matters to 

patients: how they experience, value, and live their health in daily life. The utilities 

offered a common metric to summarize the multidimensional burden across different 

diseases and study designs, while requiring contextualized interpretation, given the 

influence of assessment decisions, the cultural and healthcare system environment, 

the timing of the assessment, and self-assessment capacity. 

At the same time, this thesis highlights that improving measurement is only one part 

of improving outcomes. Preference-based PCO can make otherwise under-

recognised burden visible and comparable, but they also sharpen the imperative to 

act—through better prevention, more personalised follow-up, and rehabilitation 

strategies that address the domains driving lived morbidity. This aligns with the 

broader evidence that a large proportion of cerebrovascular and cognitive morbidity 

is linked to modifiable factors and is therefore potentially preventable or delayable 

through coordinated approaches across the lifespan. 

Overall, this thesis supports the integration of PCO as a routine complement to 

neuropsychological and clinician-assessed outcomes, both in research and care. 

This can improve the interpretation of recovery, identify high-burden subgroups that 

might be missed with traditional assessment criteria, and better align neurological 

assessment with the realities of individuals affected by common brain health 

disorders. 
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9 APPENDICES  
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9.1 Supplementary material of Chapter III  

9.1.1 Patient centered outcomes in stroke: utility weighted modified Rankin Scale 
results in a community-based study. 
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9.1.2 Supplementary material  
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9.2 Supplementary material of Chapter IV  

9.2.1  TRIDENT sub analysis  
Supplementary Table 1. Modified Rankin Scale (mRS) by visit and treatment arm 

Timepoint smRS All Triple-pill Placebo 
Baseline          

0 188/1670 (11,3%) 79/833 (9,5%) 109/837 (13,0%) 
  1 484/1670 (29,0%) 261/833 (31,3%) 223/837 (26,6%) 
  2 324/1670 (19,4%) 156/833 (18,7%) 168/837 (20,1%) 
  3 351/1670 (21,0%) 174/833 (20,9%) 177/837 (21,1%) 
  4 251/1670 (15,0%) 131/833 (15,7%) 120/837 (14,3%) 
  5 72/1670 (4,3%) 32/833 (3,8%) 40/837 (4,8%) 
  6 0/1670 (0,0%) 0/833 (0,0%) 0/837 (0,0%) 
  missing 0/1670 (0,0%) 0/833 (0,0%) 0/837 (0,0%) 
  Independent [smRS 0-2] 996/1670 (59,6%) 496/833 (59,5%) 500/837 (59,7%) 
  Dependent [smRS 3-6] 674/1670 (40,4%) 337/833 (40,5%) 337/837 (40,3%) 
12 Months          

0 330/1476 (22,4%) 160/745 (21,5%) 170/731 (23,3%) 
  1 611/1476 (41,4%) 314/745 (42,1%) 297/731 (40,6%) 
  2 252/1476 (17,1%) 130/745 (17,4%) 122/731 (16,7%) 
  3 192/1476 (13,0%) 98/745 (13,2%) 94/731 (12,9%) 
  4 57/1476 (3,9%) 28/745 (3,8%) 29/731 (4,0%) 
  5 19/1476 (1,3%) 10/745 (1,3%) 9/731 (1,2%) 
  6 15/1476 (1,0%) 5/745 (0,7%) 10/731 (1,4%) 
  missing 0/1476 (0,0%) 0/745 (0,0%) 0/731 (0,0%) 
  Independent [smRS 0-2] 1193/1476 (80,8%) 604/745 (81,1%) 589/731 (80,6%) 
  Dependent [smRS 3-6] 283/1476 (19,2%) 141/745 (18,9%) 142/731 (19,4%) 
24 Months         
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0 334/1291 (25,9%) 176/652 (27,0%) 158/639 (24,7%) 

  1 503/1291 (39,0%) 258/652 (39,6%) 245/639 (38,3%) 
  2 207/1291 (16,0%) 97/652 (14,9%) 110/639 (17,2%) 
  3 151/1291 (11,7%) 78/652 (12,0%) 73/639 (11,4%) 
  4 43/1291 (3,3%) 18/652 (2,8%) 25/639 (3,9%) 
  5 21/1291 (1,6%) 9/652 (1,4%) 12/639 (1,9%) 
  6 32/1291 (2,5%) 16/652 (2,5%) 16/639 (2,5%) 
  missing 0/1291 (0,0%) 0/652 (0,0%) 0/639 (0,0%) 
  Independent [smRS 0-2] 1044/1291 (80,9%) 531/652 (81,4%) 513/639 (80,3%) 
  Dependent [smRS 3-6] 247/1291 (19,1%) 121/652 (18,6%) 126/639 (19,7%) 
36 Months          

0 199/888 (22,4%) 96/453 (21,2%) 103/435 (23,7%) 
  1 357/888 (40,2%) 184/453 (40,6%) 173/435 (39,8%) 
  2 156/888 (17,6%) 76/453 (16,8%) 80/435 (18,4%) 
  3 96/888 (10,8%) 56/453 (12,4%) 40/435 (9,2%) 
  4 31/888 (3,5%) 18/453 (4,0%) 13/435 (3,0%) 
  5 8/888 (0,9%) 3/453 (0,7%) 5/435 (1,1%) 
  6 41/888 (4,6%) 20/453 (4,4%) 21/435 (4,8%) 
  missing 0/888 (0,0%) 0/453 (0,0%) 0/435 (0,0%) 
  Independent [smRS 0-2] 712/888 (80,2%) 356/453 (78,6%) 356/435 (81,8%) 
  Dependent [smRS 3-6] 176/888 (19,8%) 97/453 (21,4%) 79/435 (18,2%) 
48 Months          

0 130/585 (22,2%) 65/304 (21,4%) 65/281 (23,1%) 
  1 228/585 (39,0%) 124/304 (40,8%) 104/281 (37,0%) 
  2 99/585 (16,9%) 47/304 (15,5%) 52/281 (18,5%) 
  3 61/585 (10,4%) 33/304 (10,9%) 28/281 (10,0%) 
  4 20/585 (3,4%) 10/304 (3,3%) 10/281 (3,6%) 
  5 4/585 (0,7%) 3/304 (1,0%) 1/281 (0,4%) 
  6 43/585 (7,4%) 22/304 (7,2%) 21/281 (7,5%) 
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  missing 0/585 (0,0%) 0/304 (0,0%) 0/281 (0,0%) 
  Independent [smRS 0-2] 457/585 (78,1%) 236/304 (77,6%) 221/281 (78,6%) 
  Dependent [smRS 3-6] 128/585 (21,9%) 68/304 (22,4%) 60/281 (21,4%) 
60 Months          

0 100/444 (22,5%) 54/226 (23,9%) 46/218 (21,1%) 
  1 171/444 (38,5%) 85/226 (37,6%) 86/218 (39,4%) 
  2 60/444 (13,5%) 34/226 (15,0%) 26/218 (11,9%) 
  3 45/444 (10,1%) 20/226 (8,8%) 25/218 (11,5%) 
  4 16/444 (3,6%) 8/226 (3,5%) 8/218 (3,7%) 
  5 5/444 (1,1%) 2/226 (0,9%) 3/218 (1,4%) 
  6 47/444 (10,6%) 23/226 (10,2%) 24/218 (11,0%) 
  missing 0/444 (0,0%) 0/226 (0,0%) 0/218 (0,0%) 
  Independent [smRS 0-2] 331/444 (74,5%) 173/226 (76,5%) 158/218 (72,5%) 
  Dependent [smRS 3-6] 113/444 (25,5%) 53/226 (23,5%) 60/218 (27,5%) 
72 Months          

0 48/227 (21,1%) 26/115 (22,6%) 22/112 (19,6%) 
  1 85/227 (37,4%) 42/115 (36,5%) 43/112 (38,4%) 
  2 23/227 (10,1%) 11/115 (9,6%) 12/112 (10,7%) 
  3 15/227 (6,6%) 11/115 (9,6%) 4/112 (3,6%) 
  4 4/227 (1,8%) 1/115 (0,9%) 3/112 (2,7%) 
  5 3/227 (1,3%) 1/115 (0,9%) 2/112 (1,8%) 
  6 49/227 (21,6%) 23/115 (20,0%) 26/112 (23,2%) 
  missing 0/227 (0,0%) 0/115 (0,0%) 0/112 (0,0%) 
  Independent [smRS 0-2] 156/227 (68,7%) 79/115 (68,7%) 77/112 (68,8%) 
  Dependent [smRS 3-6] 71/227 (31,3%) 36/115 (31,3%) 35/112 (31,3%) 
End of Study          

0 350/1378 (25,4%) 186/700 (26,6%) 164/678 (24,2%) 
  1 553/1378 (40,1%) 288/700 (41,1%) 265/678 (39,1%) 
  2 205/1378 (14,9%) 96/700 (13,7%) 109/678 (16,1%) 
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  3 179/1378 (13,0%) 91/700 (13,0%) 88/678 (13,0%) 
  4 70/1378 (5,1%) 31/700 (4,4%) 39/678 (5,8%) 
  5 21/1378 (1,5%) 8/700 (1,1%) 13/678 (1,9%) 
  6 0/1378 (0,0%) 0/700 (0,0%) 0/678 (0,0%) 
  missing 0/1378 (0,0%) 0/700 (0,0%) 0/678 (0,0%) 
  Independent [smRS 0-2] 1108/1378 (80,4%) 570/700 (81,4%) 538/678 (79,4%) 
  Dependent [smRS 3-6] 270/1378 (19,6%) 130/700 (18,6%) 140/678 (20,6%) 
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Supplementary table S2.  EQ-5D-3L by dimension and treatment arm 
M

on
th

 
A

rm
 N

 

Mobility  
affected n (%) 

Self-care  
affected n (%) 

Usual activity  
affected n (%) 

Pain/discomfort 
affected n (%) 

Anxiety/depression 
affected n (%) 

2,3 1 2,3 1 2,3 1 2,3 1 2,3 1 

0 
P 83

6 483/836  
(57,8%) 

353/836 
 (42,2%) 

343/836 
 (41,0%) 

493/836  
(59,0%) 

485/836  
(58,0%) 

351/836 
(42,0%) 

460/836  
(55,0%) 

376/836  
(45,0%) 

141/836  
(16,9%) 

695/836 
(83,1%) 

T 83
3 481/833  

(57,7%) 
352/833  
(42,3%) 

346/833  
(41,5%) 

487/833  
(58,5%) 

486/833 
 (58,3%) 

347/833  
(41,7%) 

434/833  
(52,1%) 

399/833  
(47,9%) 

132/833  
(15,8%) 

701/833 
(84,2%) 

12
 

P 64
9 288/649  

(44,4%) 
361/649  
(55,6%) 

149/649  
(23,0%) 

500/649  
(77,0%) 

250/649  
(38,5%) 

399/649  
(61,5%) 

300/649  
(46,2%) 

349/649  
(53,8%) 

81/649  
(12,5%) 

568/649 
(87,5%) 

T 66
8 295/668  

(44,2%) 
373/668  
(55,8%) 

144/668  
(21,6%) 

524/668  
(78,4%) 

260/668  
(38,9%) 

408/668  
(61,1%) 

279/668  
(41,8%) 

389/668 
(58,2%) 

75/668 
 (11,2%) 

593/668 
(88,8%) 

24
 

P 43
5 182/435  

(41,8%) 
253/435  
(58,2%) 

86/435 
(19,8%) 

349/435  
(80,2%) 

143/435  
(32,9%) 

292/435  
(67,1%) 

179/435  
(41,1%) 

256/435  
(58,9%) 

45/435  
(10,3%) 

390/435 
(89,7%) 

T 43
8 176/438  

(40,2%) 
262/438  
(59,8%) 

84/438 
 (19,2%) 

354/438  
(80,8%) 

145/438  
(33,1%) 

293/438  
(66,9%) 

177/438  
(40,4%) 

261/438  
(59,6%) 

29/438  
(6,6%) 

409/438 
(93,4%) 

36
 

P 28
3 110/283  

(38,9%) 
173/283  
(61,1%) 

53/283  
(18,7%) 

230/283 
 (81,3%) 

100/283  
(35,3%) 

183/283  
(64,7%) 

127/283  
(44,9%) 

156/283  
(55,1%) 

32/283  
(11,3%) 

251/283 
(88,7%) 

T 29
3 108/293  

(36,9%) 
185/293  
(63,1%) 

47/293  
(16,0%) 

246/293  
(84,0%) 

91/293  
(31,1%) 

202/293  
(68,9%) 

119/293  
(40,6%) 

174/293  
(59,4%) 

32/293 
 (10,9%) 

261/293 
(89,1%) 
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48
 P 18

9 

66/189  
(34,9%) 

123/189  
(65,1%) 

36/189  
(19,0%) 

153/189  
(81,0%) 

58/189  
(30,7%) 

131/189  
(69,3%) 

75/189  
(39,7%) 

114/189  
(60,3%) 

19/189 
 (10,1%) 

170/189 
(89,9%) 

T 20
5 78/205  

(38,0%) 
127/205  
(62,0%) 

30/205  
(14,6%) 

175/205  
(85,4%) 

58/205  
(28,3%) 

147/205 
 (71,7%) 

85/205  
(41,5%) 

120/205  
(58,5%) 

13/205  
(6,3%) 

192/205 
(93,7%) 

60
 

P 96
 40/96  

(41,7%) 
56/96  

(58,3%) 
16/96  

(16,7%) 
80/96  

(83,3%) 
30/96  

(31,2%) 
66/96  

(68,8%) 
44/96  

(45,8%) 
52/96  

(54,2%) 
5/96  

(5,2%) 
91/96  

(94,8%) 

T 10
0 45/100 

(45,0%) 
55/100  
(55,0%) 

13/100  
(13,0%) 

87/100  
(87,0%) 

24/100  
(24,0%) 

76/100  
(76,0%) 

43/100  
(43,0%) 

57/100  
(57,0%) 

7/100  
(7,0%) 

93/100  
(93,0%) 

72
 

P 48
 18/48  

(37,5%) 
30/48  

(62,5%) 
6/48 

 (12,5%) 
42/48  

(87,5%) 
10/48  

(20,8%) 
38/48  

(79,2%) 
26/48 

 (54,2%) 
22/48  

(45,8%) 
3/48  

(6,2%) 
45/48  

(93,8%) 

T 42
 17/42 

(40,5%) 
25/42  

(59,5%) 
4/42  

(9,5%) 
38/42  

(90,5%) 
5/42  

(11,9%) 
37/42  

(88,1%) 
15/42  

(35,7%) 
27/42  

(64,3%) 
2/42 

 (4,8%) 
40/42  

(95,2%) 

EO
S 

P 67
6 309/676  

(45,7%) 
367/676 
(54,3%) 

164/676 
(24,3%) 

512/676 
(75,7%) 

252/676 
(37,3%) 

424/676 
(62,7%) 

275/676 
(40,7%) 

401/676 
(59,3%) 

63/676 
(9,3%) 

613/676 
(90,7%) 

T 69
8 306/698  

(43,8%) 
392/698 
(56,2%) 

152/698 
(21,8%) 

546/698 
(78,2%) 

255/698 
(36,5%) 

443/698 
(63,5%) 

253/698 
(36,2%) 

445/698 
(63,8%) 

56/698 
(8,0%) 

642/698 
(92,0%) 

P: Placebo, T: treatment arm; 2,3: Some, moderate or severe problems; 1: No problems 
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Supplementary Table S3. Schedule of assessments and outcome summaries across follow-up visits.  

Variable/visit (months) 0m 12m 24m 36m 48m 60m 72m EOS 
EQ-5D index , mean SD 0.643 

(0.270) 
0.733 

(0.249) 
0.761 

(0.233) 
0.765 

(0.238) 
0.775 

(0.242) 
0.755 

(0.274) 
0.805 

(0.213) 
0.747 

(0.253) 
EQ-5D domains, n(%) 

        

Mobility  
        

Some/moderate or 
severe problems 

965/1672 
(57.7%) 

583/1317 
(44.3%) 

358/873 
(41.0%) 

218/576 
(37.8%) 

144/394 
(36.5%) 

85/196 
(43.4%) 

35/90 
(38.9%) 

615/1374 
(44.8%) 

No problems 707/1672 
(42.3%) 

734/1317 
(55.7%) 

515/873 
(59.0%) 

358/576 
(62.2%) 

250/394 
(63.5%) 

111/196 
(56.6%) 

55/90 
(61.1%) 

759/1374 
(55.2%) 

Self-care  
        

Some/moderate or 
severe problems 

691/1672 
(41.3%) 

293/1317 
(22.2%) 

170/873 
(19.5%) 

100/576 
(17.4%) 

66/394 
(16.8%) 

29/196 
(14.8%) 

10/90 
(11.1%) 

316/1374 
(23.0%) 

No problems 981/1672 
(58.7%) 

1024/1317 
(77.8%) 

703/873 
(80.5%) 

476/576 
(82.6%) 

328/394 
(83.2%) 

167/196 
(85.2%) 

80/90 
(88.9%) 

1058/1374 
(77.0%) 

Usual activity  
        

Some/moderate or 
severe problems 

973/1672 
(58.2%) 

510/1317 
(38.7%) 

288/873 
(33.0%) 

191/576 
(33.2%) 

116/394 
(29.4%) 

54/196 
(27.6%) 

15/90 
(16.7%) 

507/1374 
(36.9%) 

No problems 699/1672 
(41.8%) 

807/1317 
(61.3%) 

585/873 
(67.0%) 

385/576 
(66.8%) 

278/394 
(70.6%) 

142/196 
(72.4%) 

75/90 
(83.3%) 

867/1374 
(63.1%) 

Pain/discomfort 
        

Some/moderate or 
severe problems 

896/1672 
(53.6%) 

579/1317 
(44.0%) 

356/873 
(40.8%) 

246/576 
(42.7%) 

160/394 
(40.6%) 

87/196 
(44.4%) 

41/90 
(45.6%) 

528/1374 
(38.4%) 

No problems 776/1672 
(46.4%) 

738/1317 
(56.0%) 

517/873 
(59.2%) 

330/576 
(57.3%) 

234/394 
(59.4%) 

109/196 
(55.6%) 

49/90 
(54.4%) 

846/1374 
(61.6%) 

Anxiety/depression 
        

Some/moderate or 
severe problems 

273/1672 
(16.3%) 

156/1317 
(11.8%) 

74/873 
(8.5%) 

64/576 
(11.1%) 

32/394 
(8.1%) 

12/196 
(6.1%) 

5/90 
(5.6%) 

119/1374 
(8.7%) 

No problems 1399/1672 
(83.7%) 

1161/1317 
(88.2%) 

799/873 
(91.5%) 

512/576 
(88.9%) 

362/394 
(91.9%) 

184/196 
(93.9%) 

85/90 
(94.4%) 

1255/1374 
(91.3%) 
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mRS, n (%) 
        

0 188/1670 
(11.3%) 

330/1476 
(22.4%) 

334/1291 
(25.9%) 

199/888 
(22.4%) 

130/585 
(22.2%) 

100/444 
(22.5%) 

48/227 
(21.1%) 

350/1378 
(25.4%) 

1 484/1670 
(29.0%) 

611/1476 
(41.4%) 

503/1291 
(39.0%) 

357/888 
(40.2%) 

228/585 
(39.0%) 

171/444 
(38.5%) 

85/227 
(37.4%) 

553/1378 
(40.1%) 

2 324/1670  
(19.4%) 

252/1476  
(17.1%) 

207/1291  
(16.0%) 

156/888  
(17.6%) 

99/585  
(16.9%) 

60/444  
(13.5%) 

23/227  
(10.1%) 

205/1378 
 (14.9%) 

3 351/1670  
(21.0%) 

192/1476  
(13.0%) 

151/1291  
(11.7%) 

96/888  
(10.8%) 

61/585  
(10.4%) 

45/444  
(10.1%) 

15/227  
(6.6%) 

179/1378  
(13.0%) 

4 251/1670  
(15.0%) 

57/1476  
(3.9%) 

43/1291  
(3.3%) 

31/888  
(3.5%) 

20/585  
(3.4%) 

16/444  
(3.6%) 

4/227  
(1.8%) 

70/1378  
(5.1%) 

5 72/1670  
(4.3%) 

19/1476  
(1.3%) 

21/1291  
(1.6%) 

8/888  
(0.9%) 

4/585  
(0.7%) 

5/444  
(1.1%) 

3/227  
(1.3%) 

21/1378  
(1.5%) 

6 0/1670  
(0.0%) 

15/1476  
(1.0%) 

32/1291  
(2.5%) 

41/888  
(4.6%) 

43/585  
(7.4%) 

47/444  
(10.6%) 

49/227  
(21.6%) 

0/1378  
(0.0%) 

Independent  
[smRS 0-2] 

996/1670  
(59.6%) 

1193/1476  
(80.8%) 

1044/1291  
(80.9%) 

712/888  
(80.2%) 

457/585  
(78.1%) 

331/444  
(74.5%) 

156/227  
(68.7%) 

1108/1378  
(80.4%) 

Dependent  
[smRS 3-6] 

674/1670  
(40.4%) 

283/1476  
(19.2%) 

247/1291  
(19.1%) 

176/888  
(19.8%) 

128/585  
(21.9%) 

113/444  
(25.5%) 

71/227  
(31.3%) 

270/1378  
(19.6%) 

         
Variable/visit (months) 0m 6m 18m 30m 42m 54m 66m EOS 
MoCA, median IQR 22 

(18–26) 
23 

(19–27) 
24 

(19–27) 
24 

(20–27) 
24 

(19–27) 
24 

(20–27) 
24 

(20–27) 
25  

(20–28) 
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Supplementary Table S4. Association between cognition (MoCA) and health-
related quality of life (EQ-5D index) in mixed-effects models (primary, sensitivity, 
and time-varying analyses). 

a. Primary analysis (concurrent observations; baseline and EOS) 

Predictor Coefficient Std_err p 95% CI 
Time (84 months vs 
baseline) 

0.026 0.008 0.001 0.011; 
0.041 

MoCA total (per 1-point 
increase) 

0.006 0.001 <0.001 0.005; 
0.008 

smRS 
    

1 -0.097 0.012 <0.001 -0.120; -
0.074 

2 -0.183 0.014 <0.001 -0.210; -
0.155 

3 -0.278 0.015 <0.001 -0.307; -
0.250 

4 -0.362 0.017 <0.001 -0.395; -
0.328 

5 -0.447 0.026 <0.001 -0.498; -
0.396 

Age (per 1-year increase) -0.001 0.000 <0.001 -0.002; -
0.001 

Sex (female vs male) -0.012 0.009 0.221 -0.030; 
0.007 

Education ≤12 years (vs 
>12 years) 

-0.005 0.010 0.586 -0.024; 
0.014 

Treatment arm (triple pill vs 
placebo) 

0.005 0.008 0.540 -0.011; 
0.023 

Constant 0.796 0.034 <0.001 0.728; 
0.863 
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b. Sensitivity analysis (LOCF-aligned dataset) 

Predictor β SE 95% CI p-value 

12 months vs baseline 0.072 0.007 0.059; 0.085 <0.001 

24 months vs baseline 0.098 0.007 0.082; 0.113 <0.001 

36 months vs baseline 0.094 0.009 0.076; 0.112 <0.001 

48 months vs baseline 0.103 0.103 0.082; 0.124 <0.001 

60 months vs baseline 0.079 0.078 0.051; 0.107 <0.001 

72 months vs baseline 0.107 0.107 0.067; 0.147 <0.001 

EOS vs baseline 0.080 0.006 0.067; 0.093 <0.001 

MoCA total (per-1 point) 0.009 <0.001 0.008; 0.010 <0.001 

Age (per-1 year) -

0.003 

<0.001 -0.003; -0.002 <0.001 

Female sex (vs male) -

0.021 

0.010 -0.041; -0.001 0.039 

Education (<12 years old vs > 12 

years old) 

-

0.001 

0.010 -0.021; 0.019 0.905 

Treatment arm (active vs 

placebo) 

0.011 0.009 -0.007; 0.029 0.247 

_cons 0.609 0.032 0.546; 0.672 <0.001 
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c. Time-varying association (MoCA×time interaction terms)  

Predictor Coefficient (95% CI) p value 

Time: baseline vs   

12 month 0.046 (−0.005;0.098) 0.080 

24 month 0.039 (−0.021;0.100) 0.206 

36 month 0.022 (−0.052; 0.096) 0.562 

48 month 0.105 (0.022; 0.189) 0.014 

60 month −0.115 (−0.232; 0.001) 0.052 

72 month 0.103 (−0.074; 0.281) 0.254 

EOS −0.018 (−0.069; 0.032) 0.480 

MoCA score    

MoCA total (per 1-point increase) 0.007 (0.006; 0.009) <0.001 

MoCA × time: 12 months 0.001 (−0.001; 0.003) 0.289 

MoCA × time: 24 months 0.002 (<0.001: 0.005) 0.049 

MoCA × time: 36 months 0.003 (<0.001; 0.006) 0.047 

MoCA × time: 48 months −0.000 (−0.003; 0.003) 0.987 

MoCA × time: 60 months 0.008 (0.004; 0.013) 0.001 

MoCA × time: 72 months 0.000 (−0.007; 0.007) 0.939 

MoCA × time: 84 months 0.004 (0.002; 0.006) <0.001 

Age (per 1-year increase) −0.002 (−0.003; −0.009) <0.001 

Female sex (vs male) −0.020 (−0.040; −0.000) 0.042 

Education <12 years (vs ≥12) −0.001 (−0.021; 0.019) 0.885 

Treatment arm (triple pill vs placebo) 0.011 (−0.007; 0.029) 0.241 

Constant 0.653 (0.585; 0.721) <0.001 

Notes: β coefficients are adjusted mean differences in EQ-5D index. Panel B 
N(obs)=6,442; N(subjects)=1,651. Panel C reports interaction terms indicating 
whether the MoCA–EQ-5D association differs from baseline at each follow-up time 
point. 
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Supplementary Table S5. Within–between decomposition of the association between 
cognition (MoCA) and HRQoL (EQ-5D index) in a mixed-effects linear model 
(concurrent observations only) 

Predictor Coefficient Std. 
err. 

z p-
value 

95% CI 

EOS vs baseline  0.093 0.007 12.09 <0.001 0.078 0.109 

MoCA within-person 0.005 0.001 3.66 <0.001 0.002 0.009 

MoCA between-person  0.014 0.001 14.33 <0.001 0.012 0.016 

Age (years) -0.002 <0.001 -4.20 <0.001 -
0.002 

-
0.001 

Female (vs male) -0.021 0.011 -1.96 0.050 -
0.043 

0.000 

Education <12 years (vs 
≥12) 

-0.021 0.011 -1.83 0.067 -
0.043 

0.001 

Treatment arm (triple pill 
vs placebo) 

0.004 0.010 0.47 0.637 -
0.015 

0.025 

_cons 0.474 0.039 11.87 <0.001 0.396 0.553 

Log restricted-likelihood: 20.84587; Prob > chi2 0.0000 
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Supplementary Figure S1. Countries that participated in TRIDENT. 

 

  



233 
 

Supplementary Figure S2. Longitudinal trajectories of cognitive function and 
health-related quality of life by treatment arm: (a) MoCA total score (median, IQR); 
and (b)  Mean EQ-5D index difference between treatment arms (mean, 95% CI) 
across follow-up visits. (c) Percentage with mRS 0-2 by treatment arm 
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c.  
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9.2.2 Main Article of TRIDENT trial (in press)   
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9.3 Supplementary material of Chapter V  

9.3.1 Post-COVID-19 condition: a sex-based analysis of clinical and laboratory 
trends  
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9.3.1.1 Supplementary material   
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9.3.2 Statin treatment for COVID-19 to optimise neurological recovery 
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9.4 Supplementary material for Chapter VI  

Supplementary table S1. Laboratory Characteristics of the Study Population  

Parameter Mean (SD) p25–p75 
Glucose (mmol/L) 5.1 (0.76) 4.6–5.3 

Total Cholesterol (mmol/L) 5.2 (1.0) 4.5–5.8 

LDL Cholesterol (mmol/L) 3.2 (0.9) 2.64–3.7 

HDL Cholesterol (mmol/L) 1.5 (0.6) 1.2–1.7 

Triglycerides (mmol/L) 1.3 (0.7) 0.8–1.7 

Urea nitrogen (mmol/L) 7.2 (11.4) 3.6–5.6 

AST, (U/L) 22.2 (7.2) 17–25 

ALT, (U/L) 26 (15.5) 15–32 

Creatine Kinase, (U/L) 88.7 (75.4) 52–105 

Creatinine, (µmol/L) 103.1 (470.2) 61–75 

Sodium (mmol/L) 136.0 (20.7) 138–141 

Potassium (mmol/L) 4.54 (2.69) 4.1–4.6 

C-reactive protein, (mg/L) 6.02 (27.6) 1.0–4.0 

Haemoglobin, (g/L) 143.2 (104.9) 130–146 

MCHC, (g/L) 346.8 (238.7) 326–339 

MCV, (fL) 89.9 (4.8) 87–93 

MCH (pg) 29.8 (1.9) 29–31 

RDW-CV, (%) 13.6 (6.6) 12.4–13.5 

Haematocrit, (%) 41.6 (3.4) 39–44 

Red blood cell count, (×10⁶/µL) 4.6 (0.4) 4.38–4.9 

White blood cell count, (×10³/µL) 6.4 (1.8) 5.1–7.6 

Neutrophils, (×10³/µL) 6.9 (13) 2.6–4.5 
Lymphocytes, (×10³/µL) 4.2 (7.8) 1.7–2.6 
Monocytes, (×10³/µL) 1.7 (7.1) 0.39–0.6 
Eosinophils, (×10³/µL) 0.4 (0.9) 0.1–0.3 
Basophils, (×10³/µL) 0.1 (0.3) 0.02–0.1 
Platelet count, (×10³/µL) 280.8 (68.1) 240–315 
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Supplementary table S2. Covid-19 Yorkshire rehabilitation scale (C19-YRS) : a. 

Symptoms, n (%); b. comparison pre and post COVID-19 infection.   

Symptoms according to the C19-YRS scale, n (%) 
Dyspnoea 

 

At rest 103 (54) 

While dressing 132 (69) 

While walking 177 (93) 

Laryngeal/airway discomfort 99 (52) 

Voice changes 64 (34) 

Asthenia 186 (98) 

Pain/discomfort 171 (90) 

Mobility issues 18 (9) 

Problems with self-care 84 (44) 

Problems with daily activities 151 (79) 

Cognition 
 

Concentration issues 186 (98) 

Memory issues 177 (93) 

Comunication issues 173 (91) 

Anxiety 169 (89) 

Depression 149 (78) 

Gastrointestinal 
 

Difficulty swallowing 39 (21) 

Nutiotional issues 34 (18) 

Faecal Incontinence  29 (15) 

Urinary incontinence 39 (21) 

PTSD screening 
 

Unwanted memories 63 (33) 

Unpleasant dreams 31 (16) 

Avoidance behaviours 61 (32) 

PTSD: post-traumatic stress disorder 



312 
 

 b. comparison pre and post COVID-19 infection. 
Domain Pre-COVID-19 Post COVID-19 Median of Change IC95% p 
Breathlessness at rest 0 (0-0) 1 (0-3) 1 0.145 – 1.855 <0.001 
Breathlessness on dressing 0 (0-0) 2 (0-4) 2 1.758 – 2.241 <0.001 
Breathlessness on walking 0 (0-2) 5 (3-7) 4 3.13 – 4.686 <0.001 
Fatigue 0 (0-2) 8 (6-9) 6 5.10 – 6.90 <0.001 
Pain 0 (0-1) 6 (4-8) 5 4.338 – 5.662 <0.001 
Cognition 0 (0-1) 7 (6-8) 6 5.233 – 6.767 <0.001 
Depression 0 (0-2) 3 (0-6) 2 1.239 – 2.761 <0.001 
Communication 0 (0-0) 6 (4-8) 5 4.483 – 5.517 <0.001 
Self-care 0 (0-0) 0 (0-4) 0 −0.258 – 0.258 <0.001 
Usual activities 0 (0-0) 6 (3-8) 5 4.515 – 5.485 <0.001 
Social role 0 (0-0) 5 (0-8) 4 3.024 – 4.976 <0.001 
Global health*  2 (1-2) 6 (5-7) 4 3.772 – 4.228 <0.001 
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Supplementary table S3. Quality of Life and Cognitive Assessments by  country. 

Instrument  Total (n=180) Australia (n=155) Chile (n=35) p 
HRQoL and Psychological Measures 

 
   

Patient Health Questionnaire (PHQ-9) 11.9 (5.7) 12 (5.7) 11 (5.9) 0.360 
Generalized Anxiety Disorder Scale (GAD-7) 7.6 (5.2) 7.1(5.1) 9.7 (5.1) 0.005 
Pittsburgh Sleep Quality Index (PSQI) 9.8 (3.8) 9.8 (3.7) 9.4 (4.2) 0.486 
EQ-5D-5L utility 0.71 (0.22) 0.68 (0.22) 0.81 (0.16) 0.001 
Cognitive Performance Tests 

 
   

Rey Auditory Verbal Learning Test (RAVLT) 
 

   
Immediate recall (A1-A5) 52.4 (9.4) 52.4 (9.6) 52.1 (8.4) 0.868 
Delayed recall (A6) 11.1 (3.0) 11.1 (3.1) 11.2 (2.7) 0.798 
Recognition (A7) 10.8 (3.2) 10.8 (3.2) 10.6 (3.2) 0.692 
% retained (A6A5) 86.4 (15.8) 86.5 (16.3) 85.8 (13.3) 0.826 
% recognition (A7A5) 84.2 (17.4) 85.1 (17.3) 80.6 (17.7) 0.174 
Symbol Digit Modalities Test  (SDMT) 56.6 (10.6) 56.3 (11.1) 57.7 (7.6) 0.541 
Oral Trail-Making Test*     
Trail A 6 (6-8) 7 (6-8) 6 (5-8) 0.027 
Trail B 27 (21-36)  28 (21-37) 23 (20-30) 0.082 
Delis-Kaplan Executive Function System – CWIT 

 
  0.902 

Colour Naming 29.7 (7.2) 30.1 (7.4) 27.8 (5.9) 0.004 
Word Reading 22.3 (6.1) 22.9 (6.4) 19.6 (3.3) 0.031 
Inhibition 54.3 (16.3) 55.5 (17.1) 48.9 (10.9) 0.015 
Inhibition/Switching 63.6 (21.4) 65.4 (22.5)  55.7 (13.4) 0.067 
Semantic Fluency 24.7 (6.2) 25.1 (6.2) 22.9 (6) 0.360 
*Median (IQR). Higher PHQ-9, GAD-7, and PSQI scores indicate worse outcomes; higher EQ-5D utility, MoCA, RAVLT, 
SDMT, and SF scores indicate better performance. 
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Supplementary table S4.  Health domain scores across EQ-5D index tertiles at baseline 

 Clinical characteristics (%) Low (worst) HRQoL Mid HRQoL High (best) HRQoL p-
value* (n = 63) (n = 63) (n = 62) 

Age, mean (SD) 43.3 (10.5) 44,9 (10.7) 44.96 (10.4) 0.588 
Female, n(%) 51 (81) 53 (84) 43 (69) 0.110 
Ethnic (314oce314sian vs no 
314oce314sian), n (%) 

48 (36) 49 (37) 37 (28) 0.035 

Country = Chile, n (%) 6 (17) 8 (23) 21 (60) 0.001 
Higher Education level  48 (35) 46 (33) 42 (31) 0.542 
BMI (kg/m2), mean (SD) 29.7 (7.5) 29.5 (7.8) 27.7 (5.3) 0.223 
Comorbidities (Y/N), n (%) 55 (34) 58 (36) 47 (29) 0.032 
Current smoking, n (%) 6 (23) 5 (19) 15 (57) 0.015 
Alcohol consumption 23 (29) 24 (31) 32 (40) 0.172 
Vaccine 314oce (>3 doses), (n%) 49 (77) 59 (94) 53 (85) 0.049 
Time since acute infection months, n (%) 13.1 (8.4) 13.7 (9.2) 14.2 (10.8) 0.803 
Anosmia,  n (%) 11 (31) 10 (28) 15 (41) 0.456 
MoCA, mean (SD) 20.3 (1.5) 20.6 (1.6) 20.4 (1.7) 0.690 
Health domain         
EQ-5D index 0.46 (0.16) 0.77 (0.06) 0.92 (0.04) <0.001 
Depressive symptoms (PHQ-9) 15.6 (5.8) 11.8 (4.5) 8.1 (4.2) <0.001 
Anxiety symptoms (GAD-7) 9.1 (5.9) 7.6 (4.6) 6.0 (4.5) 0.002 
Sleep quality (PSQI) 10.4 (3.6) 11.0 (3.7) 7.9 (3.5) <0.001 
Self-rated health (EQ-VAS) 40.6 (18.1) 59.0 (14.1) 71.8 (13.6) <0.001 
Cognitive Performance Tests         
RAVLT  51.8 (8.4) 52.8 (10.0)  52.7 (9.8)  0.796   
Immediate recall (A1-A5)  11.0 (3.1)  11.2 (3.0)  11.2 (2.9)  0.868   
Delayed recall (A6)  10.6 (3.3)  10.8 (3.2)  11.0 (3.2)   0.771   
Recognition (A7)  84.3 (16.4)  87.3 (16.4)  87.9 (14.3)  0.390   
% retained (A6A5)  83.7 (15.3)  83.9 (19.3)  85.6 (17.3)  0.801   
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% recognition (A7A5)  54.2 (11.5)  57.2 (10.2)   58.3 (9.7)  0.077 
Symbol Digit Modalities Test  (SDMT)  7.8 (2.9)   6.8 (2.3)  22.0 (115.1)  0.358 
Oral Trail-Making Test*  29.3 (11.1)  31.6(18.4)  45.7 (115.8)  0.344 
Trail A  32.3 (9.1)   28.4 (5.4)   28.3 (5.7)   0.002 
Trail B  23.6 (5.8)   21.4 (7.0)   21.4 (4.4)  0.058 
Delis-Kaplan Executive Function 
System  

 56.8 (18.4)   55.3 (17.1)  50.3 (12.2)  0.069 

Colour Naming  66.0 (21.0)   65.1 (23.3)  59.6 (19.9)  0.210 
Word Reading  23.7 (5.4)   25.5 (6.2)    25.0 (7.0)  0.264 
Inhibition  51.8 (8.4)   52.8 (10.0)  52.7 (9.8)  0.796 
Inhibition/Switching  11.0 (3.1)   11.2 (3.0)  11.2 (2.9)  0.868 
Semantic Fluency  10.6 (3.3)   10.8 (3.2)  11.0 (3.2)  0.771 
*P-values from one-way ANOVA or chi-square test comparing the three EQ-5D tertiles, as appropriate. 
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Supplementary table S4.  Demographic, clinical and health domain characteristics according to extreme HRQoL 
impairment (lowest EQ-5D utility tertile vs higher tertiles). 

Demographic and clinical 
variables 

No extreme impairment 
(n = 125) a 

Extreme impairment 
(n = 63) a 

Effect estimateb 
(95% CI) p-valuec 

     
Age, years 45.0 (10.5) 43.3 (10.6) 1.68 (−1.53, 4.89) 0.300 
BMI, kg/m² 28.7 (6.7) 29.7 (7.6) −1.06 (−3.23, 1.12) 0.340 
Days since acute COVID-19 464 (309.9) 438 (257.1) 25.7 (−63.8, 115.1) 0.570 
N° of comorbidities 0.84 (0.37) 0.87 (0.34) −0.03 (−0.14, - 0.08) 0.550 
Female sex, n (%) 96 (76.8) 51 (81.0) 0.78 (0.37, 1.65) e 0.520 
Country: Chile, n (%) 29 (23.2) 6 (9.5) 0.35 (0.14, 0.89) e 0.023 
COVID-19 vaccine doses 
>4, n (%)f 15 (12.2) 6 (9.7) 0.77 (0.28, 2.10) e 0.610 

Persistent anosmia, n (%) 25 (20.0) 11 (17.5) 0.85 (0.39 - 1.85) e 0.680 
Current smoker, n (%) 20 (16.0) 6 (9.5) 0.55 (0.21, 1.45) e 0.230 
Alcohol use, n (%) 56 (44.8) 23 (36.5) 0.71 (0.38, 1.32) e 0.280 
Education level, n (%)g   — 0.500 
– Secundary school 21 (16.9) 7 (11.1)   
– Undergraduate  36 (29.0) 24 (38.1)   
– Postgraduate 52 (40.3) 24 (38.1)   
– Technical vocational 10 (7.8) 7 (11.1) 

  

– Other 5 (3.9) 1 (1.6) 
  

Health domain measures 
    

PHQ-9 10.0 (4.7) 15.6 (5.8) −5.60 (−7.16, −4.03) <0.001 
GAD-7 6.8 (4.6) 9.1 (5.9) −2.34 (−3.87, −0.80) 0.003 
PSQI total score 9.5 (3.9) 10.4 (3.6) −0.94 (−2.11, 0.23) 0.120 
EQ-5D VAS (0–100, 65.4 (15.2) 40.6 (18.1) 24.73 (19.78, 29.68) <0.001 
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SDMT ( processing speed) 57.8 (9.9) 54.2 (11.5) 3.57 (0.37, 6.77) 0.029 
a Values are mean (SD) for continuous variables and n (%) for categorical variables, unless otherwise specified. 
b For continuous variables, the effect estimate is the mean difference (no extreme impairment − extreme impairment). 
For binary variables, the effect estimate is the odds ratio (OR) for extreme impairment comparing the category shown 
with the reference group. 
c p-values from independent-samples t tests (continuous variables) or Pearson’s chi-square tests / univariable logistic 
regression (categorical variables), as appropriate. 
e OR (95% CI) from univariable logistic regression models with extreme impairment as the dependent variable.. 
g p-value from chi-square test for the overall distribution of education levels across groups. 
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