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A B S T R A C T   

As the emergency phase of the COVID-19 pandemic subsides, the long-term health problems caused by SARS- 
CoV-2 infection are becoming increasingly clear. So-called Long COVID, or post COVID-19 condition, is a 
debilitating illness that impacts functioning for months and even years after infection. Alongside physical 
symptoms, Long COVID has a particularly insidious effect on cognition and language. While many studies have 
documented non-linguistic cognitive impairments in people with Long COVID, what has not been documented to 
any significant extent is the presence and duration of language difficulties in Long COVID. This study addresses 
this lack of research by examining the cognitive-linguistic skills of 41 adults with Long COVID. These adults were 
assessed at two time points using a test protocol of 12 language tasks. This paper describes the findings of the 6- 
month follow-up study. Results indicate that difficulties in immediate and delayed verbal recall persist long after 
the onset of COVID symptoms, even as improvements occur in verbal fluency and the informativeness of spoken 
discourse. It is argued that these difficulties are a significant contributing factor in a lack of work return in these 
adults. Implications of these findings for the provision of speech-language pathology services to these adults and 
occupational health policies relating to Long COVID are discussed.    

1. Introduction 

The COVID-19 pandemic has undoubtedly been the global health 
challenge of our time. But aside from the large number of deaths caused 
by SARS-CoV-2 (the virus that causes COVID-19), an even greater 
number of people with long-term debilitating illness could yet be the 
legacy of this pandemic. As we learn more about the pathophysiological 

effects of SARS-CoV-2 (Perumal et al., 2023), it is clear that a large 
burden of cognitive impairment exists alongside physical symptoms in 
people with Long COVID. Cognition is not a unitary phenomenon but 
consists of linguistic and non-linguistic components that interact in 
complex ways. While considerable research has been conducted into 
non-linguistic aspects of cognition such as memory and attention in 
people with Long COVID, there has been relatively little research un
dertaken into how language is compromised in this condition. The 
current paper addresses this lack of research by examining 
cognitive-linguistic difficulties in adults with Long COVID. The 41 adults 
examined in this study were previously assessed by the author, with the 
results reported in Cummings (2023a). These individuals were assessed 
again at six months after the first assessment with a view to determining 
if their cognitive-linguistic difficulties had improved, deteriorated, or 
remained static. This article reports the results of this 6-month follow-up 
study. It also considers the role that cognitive-linguistic difficulties play 
in low rates of work return in adults with Long COVID. 

The article unfolds along the following lines. Long COVID is intro
duced in Section 2. Cognitive dysfunction is a widely recognized feature 

"My partner is 41, a primary school teacher who previously would 
have been in the top 5 percent for expressive language and related 
cognitive tasks — and he can’t work out how to answer whether or 
not he wants a coffee when I ask." 

Partner of 41-year-old man with Long COVID, 12 months post 
onset (Australia)   
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of the post COVID-19 condition. Section 2 considers the prevalence of 
cognitive dysfunction in Long COVID and examines some of the 
cognitive-linguistic behaviours that people with Long COVID include 
within self-reports of “brain fog”. The study conducted by Cummings 
(2023a) provides background to the current investigation. Its findings 
are examined in Section 2 and the case is made that Long COVID-related 
language and communication difficulties should be examined longitu
dinally. A 6-month follow-up study of 41 adults with Long COVID is the 
focus of the current article. The participants and tasks included in this 
study along with its results are presented in Section 3. In Section 4, the 
results of the follow-up study are discussed in detail. The responses of 
participants with Long COVID to some of the tasks in the study are used 
to illustrate specific language difficulties. Finally, wider implications of 
the study are considered in Section 5. 

2. Long COVID and “brain fog” 

When the SARS-CoV-2 virus first emerged in late 2019, governments 
and health authorities around the world issued repeated public re
assurances that COVID-19 would be a mild illness from which most 
people would make a complete recovery within a couple of weeks 
(House of Commons, 2020). It was not long into the pandemic before 
reports began to emerge that suggested this was quite often not the case. 
People with COVID-19 started to organize themselves into online groups 
and share stories about the continuing symptoms that they were expe
riencing. Some had returned to work after an apparently good recovery 
only to find themselves unable to cope with debilitating fatigue and 
other symptoms and having to take a further period of sickness absence 
(Cummings, 2023a). Poor understanding and dismissal of symptoms by 
medical professionals was commonly reported, with many individuals 
incorrectly diagnosed with conditions such as anxiety and depression. 
Over time, it became apparent that the problems these individuals were 
experiencing were not psychosomatic in nature and that for a significant 
number of people, what had started out as a mild illness had gone on to 
have serious, longer-term consequences for their health. The label “Long 
COVID” was coined to capture this mysterious new illness, with those 
who were experiencing it often referred to as COVID long haulers. 

Today, Long COVID is recognized around the world as a significant 
condition that occurs in 10%− 20% of all COVID infections (World 
Health Organization, 2023). The condition has an unpredictable course 
that makes it difficult to manage its impact on daily life. New-onset 
symptoms can exist alongside symptoms that persist from the initial 
acute infection. Importantly, the illness is characterized by physical and 
cognitive symptoms (“cognitive dysfunction”), as the following clinical 
case definition of the “post COVID-19 condition” from the World Health 
Organization (2021) makes clear: 

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

Informally termed “brain fog”, cognitive dysfunction in Long COVID 
has been the focus of a large number of studies to date. Delgado-Alonso 
et al. (2022) examined 50 patients with COVID-19 who reported 
cognitive problems 9.12 ( ± 3.46) months after acute infection. These 
patients displayed reduced performance on several tests of attention and 
executive function. There were alterations in processing speed, divided 
and selective attention, visual vigilance, intrinsic alertness, working 
memory, and inhibition; episodic memory; and visuospatial processing. 
Hadad et al. (2022) examined cognitive functioning in 46 patients 
(mean age = 49.5 years) at a post COVID clinic in Northern Israel. These 

patients displayed impairments of executive functions, particularly 
phonemic fluency, and attention on the Montreal Cognitive Assessment. 
Disease severity, premorbid condition, pulmonary function tests and 
hypoxia did not contribute to cognitive performance in these patients. 
Cognitive problems have also been reported in people who have 
recovered from COVID-19, including those who no longer report 
symptoms (Hampshire et al., 2021). (But see Priftis et al. (2022) who did 
not find evidence of neuropsychological disorders in 22 adults (mean 
age: 58 years) with severe COVID-19 disease who were tested on average 
81 days after onset.). 

One aspect of cognition that has received relatively little attention in 
research into Long COVID is language. This is despite the fact that 
people with Long COVID and brain fog often report, and exhibit, sig
nificant language and communication difficulties as part of their con
dition. Chalmers et al. (2023) examined clinician identified need in 
adults with Long COVID who were referred to two National Health 
Service (NHS) trusts in the UK between 1 January 2021 and 1 January 
2022. In one trust (East Suffolk), cognitive-communication difficulties 
were identified in 52.6% (40/76) of patients. This contrasted with 
14.1% of patients (11/78) in the second NHS trust (Bolton). The authors 
explained this difference in terms of service pathways. The service in 
Bolton had access to a multidisciplinary team that contained occupa
tional therapists with specialist skills in cognition. This meant that, 
unlike in East Suffolk, fewer adults with cognitive difficulties were 
referred to speech and language therapy in Bolton. 

Cummings (2023b) examined language and communication diffi
culties in 973 adults who responded to an online Long COVID survey. 
These participants (mean age = 47.4 years) were asked to indicate if 
they experienced 11 language and communication problems as part of 
their Long COVID illness. Table 1 lists the frequency of these problems 
among the respondents in the study. The table shows that these diffi
culties had a high prevalence among participants, with nine of 11 be
haviours reported in over 50% of respondents. Additionally, 83.2% of 
respondents reported feeling frustrated by their communication skills 
following COVID-19, 54.9% were embarrassed by their post-COVID 
communication skills, 71.3% reported communicating less frequently 
after COVID-19, and 65.8% had less desire to communicate. These fig
ures clearly indicate that a sizeable burden of language and communi
cation difficulty accompanies “brain fog” in Long COVID. 

To understand the nature of these language and communication 
difficulties, Cummings (2023a) conducted a study of 92 adults with Long 
COVID. Of these adults, 81 reported brain fog as part of their condition. 
These adults, who had an average age of 49 years, were not hospitalised 
during their acute COVID infection and had mild illnesses for the most 
part. Several received medical intervention and support at home from 
paramedics and doctors. Prior to developing COVID-19, 92.4% were in 
employment. Participants were interviewed on average 351.7 days (11.7 
months) following the onset of their COVID symptoms. All participants 
completed a series of 12 language tasks that were administered online. 
These tasks examined verbal recall (immediate and delayed), verbal 

Table 1 
Frequency of communication problems in 973 adults with Long COVID.  

Communication problem Frequency 
(%) 

I struggle to find words 93.1% 
I forget what I wanted to say 90.9% 
I lose concentration easily when talking to others 89.6% 
I mix words up and produce incorrect words 72.4% 
I cannot recall what has been said earlier in conversation 65.4% 
I find reading difficult 61.7% 
I cannot recall what has been said in conversation after it has taken 

place 
60.6% 

I find writing difficult 51.2% 
I veer off topic in conversation and cannot get back 50.8% 
I struggle to produce utterances and sentences 46.6% 
I struggle to understand what people are saying 38.2%  
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fluency (category and letter), sentence generation, confrontation 
naming and discourse production. There were five discourse production 
tasks used in the study. These tasks examined picture description (one 
task), procedural discourse (two tasks), and narration of different 
complexity (two tasks). 

The performance of participants with Long COVID and brain fog in the 
study was significantly weaker than that of healthy participants in three 
areas: verbal recall; verbal fluency; and discourse informativeness. This 
pattern of weak performance was maintained relative to adults with 
COVID-19 who had no brain fog in verbal recall (immediate and delayed), 
letter fluency, and Cinderella narration. A group of adults with chronic 
fatigue syndrome was included in the study to control for the effects of 
debilitating fatigue on language and cognition. Relative to these adults, 
adults with Long COVID and brain fog also had significantly poorer per
formance in the areas of immediate and delayed verbal recall and 
Cinderella narration. Against this poor performance in verbal recall, verbal 
fluency, and the informativeness of spoken discourse, adults with Long 
COVID and brain fog performed comparably to healthy participants on 
tasks examining sentence generation and confrontation naming. It was 
concluded that adults with Long COVID and brain fog retained the ability 
to produce well-formed, meaningful language. But they were unable to 
leverage their structural language skills to produce informative discourse 
on account of underlying cognitive processing problems. This study and its 
findings form the background to the current investigation. 

A follow-up study was conducted 6 months after this study to address 
several questions. First, because Long COVID is a relatively new condi
tion with a still uncertain course, cognitive-linguistic outcomes beyond 
the first year are yet to be established (recall that the adults in the first 
study were tested, on average, 11.7 months after the onset of COVID 
symptoms). The follow-up study aimed to address the question: Do 
adults with Long COVID and brain fog still exhibit significant cognitive- 
linguistic problems 6 months after their first assessment? Second, the 
average age of adults with conditions like stroke and dementia in the 
caseloads of speech-language pathologists far exceeds the average age of 
adults with Long COVID. Most adults with Long COVID in the first study 
were of working age and were economically active prior to the onset of 
their COVID illness. The follow-up study aimed to address the question: 
Were adults with Long COVID and brain fog who were employed prior to 
their COVID illness able to recover sufficiently at 6-month follow-up to 
return to their pre-COVID occupational roles? Third, if the answers to 
these questions are that cognitive-linguistic difficulties persist well 
beyond the first year post COVID onset and that these adults are unable 
to return to work on account of their COVID-related difficulties, then 
what implications does this have for the provision of speech-language 
pathology services to these adults and for the management of these in
dividuals by occupational health and human resource professionals? 

3. Follow-up study 

3.1. Participant characteristics 

A total of 41 adults from the study reported in Cummings (2023a) 
were tested again at 6 months after their first assessment. The age, 
gender, education, and test status of these adults at follow-up are dis
played in Table 2. This table also shows the time since COVID onset 

which was 625 days (20.8 months) on average. The only basis on which 
these adults were selected for participation in the follow-up study was 
their willingness and availability to undertake further testing at exactly 
6 months after the date of their first assessment. Several participants 
from the first study were invited to participate in the follow-up study but 
declined because of a severe deterioration in their Long COVID condi
tion. The 26 healthy (non-COVID) participants who participated in the 
first study were invited to participate in the follow-up study. However, 
only 11 of them qualified to take part as the remaining 15 participants 
developed COVID-19 between the first study and the follow-up study. 
Replacements for the 15 participants who contracted COVID-19 and 
could not take part in the follow-up study were matched as closely as 
possible to the original participants on age, gender, and education, The 
age, gender, and education of the 26 healthy participants in the first 
study and in the follow-up study are displayed in Table 3. The four 
groups of participants in the study are categorised as follows: COVID 
participants at Time 1 (FirstCovid), COVID participants at Time 2 
(SecCovid), healthy participants at Time 1 (FirstHealthy), and healthy 
participants at Time 2 (SecHealthy). 

3.2. Ethics approval, recruitment, and test administration 

The study received ethics approval of the Human Subjects Ethics 
Sub-Committee of the Hong Kong Polytechnic University. Participants 
were sent an information sheet about the study and were asked to sign a 
consent form. All participants were able to give informed consent. 
Recruitment to the follow-up study took two forms. Healthy individuals 
and individuals with Long COVID who participated in the first study 
were invited to participate in the follow-up study. For new participants – 
replacements of healthy participants in the first study who had gone on 
to develop COVID-19 – recruitment was conducted through personal 
recommendations and via posts on social media groups. All tasks were 
administered online either through Zoom (mostly) or Skype. All par
ticipants resided in the UK and Ireland. They were asked to select a time 
of day that was convenient to them and that permitted participants with 
Long COVID to take their usual rest periods. Test sessions were con
ducted in 45–60 min and were recorded using two digital voice re
corders (Sony ICD-UX560F) and the record function on Zoom and Skype. 
All audio recordings were sent to an experienced transcriber for detailed 
orthographic transcription. 

Table 2 
Characteristics of 41 participants with Long COVID at 6-month follow-up study.  

Characteristic Time since onset and test status 

Age Average: 48.8 years (SD ± 9.1years) Time since onset Average: 625 days (20.8 months) 
Range: 18.7–61.6 years Range: 204 days (6.8 months) to 955 days (31.8 months) 

Gender Male: 3 (7.32%) Test status Clinical diagnosis: 19 (46.34%) 
Female: 38 (92.68%) PCR test: 16 (39.02%) 

Education Under 17 years: 15 (36.59%) Antibody test: 5 (12.20%) 
Over 17 years: 26 (63.41%) PCR+ Antibody: 1 (2.44%)  

Table 3 
Characteristics of healthy participants.  

First study 

Age Mean: 48.2 years (SD ± 12.3 years) Range: 18.1 – 64.6 years 
Gender Male: 10 Female: 16 
Education Under 17 years: 7 Over 17 years: 19  

Follow-up study 

Age Mean: 48.3 years (SD ± 12.4 years) Range: 26.6 – 64.3 years 
Gender Male: 8 Female: 18 
Education Under 17 years: 6 Over 17 years: 20  

L. Cummings                                                                                                                                                                                                                                     
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3.3. Test materials 

As an incentive to participate in the first study, all participants with 
Long COVID received a detailed report summarizing their performance 
in each language task. However, this made it difficult to use exactly the 
same test materials in the follow-up study. A second set of test materials 
was developed, with tasks matching as closely as possible the format, 
content and difficulty level of the tasks used in the first study. It was 
expected that any differences in task difficulty would be reflected in the 
performance of healthy participants in the follow-up study. If healthy 
participants performed to the same level of accuracy on both sets of test 
materials, it could reasonably be assumed that these tasks were of 
comparable difficulty. Statistical analysis showed that this assumption 
was well founded. There were no statistically significant differences in 
test performance of healthy participants on the two sets of test materials 
on all but four of the 12 language tasks: picture description (M = 7.60 for 
FirstHealthy, M = 9.86 for SecHealthy, Mdiff = − 2.26, SE = 0.38, p <
0.001; see Box 1 in appendix); horseshoe incident narration (M = 13.74 
for FirstHealthy, M = 11.67 for SecHealthy, Mdiff = 2.08, SE = 0.75, p =
0.038; see Box 1 in appendix); category fluency for fruits (M = 25.09 for 
FirstHealthy, M = 17.46 for SecHealthy, Mdiff = 7.63, SE = 1.32, p <
0.001; see Box 1 in appendix); and Little Red Riding Hood narration (M 
= 31.93 for FirstHealthy, M = 25.71 for SecHealthy, Mdiff = 6.22, SE =
1.77, p = 0.004; see Box 1 in appendix). To accommodate differences in 
task difficulty, comparisons involving these four tests were limited to 
those between participants with Long COVID and healthy participants at 
Time 2 only. Table 4 displays the tasks that were used in the follow-up 
study. 

3.4. Statistical analysis 

Data were entered into and analyzed using SPSS version 23 for 
Windows (IBM Corp., Armonk, NY). Descriptive statistics (for contin
uous variables) and frequency tables (for categorical variables) were 
used to summarize the data. 

General linear models (GLM) (Kutner et al., 2005) were used to 
determine the effects of group (a categorical variable with four levels: 
FirstCovid, SecCovid, FirstHealthy, and SecHealthy), gender (a cate
gorical variable with two levels: male vs. female), age (a continuous 
variable), and education level (a categorical variable with two levels: 
under 17 years vs. over 17 years) on performance of the 12 language 
tasks. The dependent variables were the scores of Test 1, Test 2, …, and 
Test 12, and the independent variables were group, gender, age, and 
education level. Pairwise comparisons for group were performed to 
compare between groups, with p-value adjusted using the Bonferroni 
method (Kutner et al., 2005). For categorical independent variables, 
estimated marginal means and the associated standard error were re
ported. Estimated marginal mean of a factor is the mean response of the 
factor after adjusting for any other variables in the model. 

Pearson’s correlation coefficients were used to determine if there 
was any correlation between phonemic (letter) fluency (Test 5) and 
discourse performance (Test 2, Test 4, and Test 8). For any test, with any 
specifications, a p-value less than 0.05 indicated statistical significance. 

The following model assumptions of general linear models (Kutner 
et al., 2005) were checked:  

• Independence: residuals are independent (checked by Durbin- 
Watson statistic).  

• Linearity: linearity of the regression function (checked by residual 
plot (i.e., plotting residuals against fitted values)).  

• Normality: the distribution of residuals is normal (checked by the 
quantile-quantile (QQ) plot and the Shapiro-Wilk test).  

• Homoscedasticity: the residuals have constant/equal variance 
(checked by residual plot (i.e., plotting residuals against fitted 
values) and Levene’s test). 

Table 4 
Tasks and instructions to participants.  

Task Instruction 

Test 1: 
Immediate recall 

A 100-word story entitled “Summer Fete” was read 
aloud to each participant who was then asked to 
recall it immediately. Instruction: “I’m going to tell 
you a short story. I want you to listen to it carefully. I 
will then ask you to tell it back to me.” 

Test 2: 
Picture description 

This is the picture description task from the Western 
Aphasia Battery-Revised (Kertesz, 2006). Participants 
were asked to describe a black-and-white line 
drawing of a picnic scene while viewing the image. 
Instruction: “Here is a picture I would like you to look 
at. Tell me everything you see going on in this 
picture.” 

Test 3: 
Sentence generation 

Participants are auditorily presented with two, three, 
and four words and are asked to generate a brief 
sentence. Instruction: “I’m going to give you words 
and I want you to put them in a brief sentence. Do not 
worry about the order of the words. You can use the 
words in any order.” 

Test 4: 
Horseshoe Incident 
narration 

Participants are shown six, black-and-white line 
drawings in sequence and are asked to tell a story 
based on the pictures. Instruction: “Here are six 
pictures. Please take a couple of minutes to look at 
each of them. I am then going to ask you to tell a story 
based on the pictures.” 

Test 5: 
Phonemic (letter) 
fluency 

Participants are asked to generate words beginning 
with the letters C, F, and L in 60 s. Instruction: “Tell me 
as many words as possible that begin with the letter 
‘C′. Do not use names like Charles and Christina and 
multiple words with the same stem but different 
endings like cost, costly, costliness. You have 60 s. I will 
start the stopwatch as soon as you give me the first 
word with ‘C′.” 

Test 6: 
Semantic (category) 
fluency 1 

Participants are asked to generate the names of fruits 
in 60 s. Instruction: “Tell me as many names of fruits as 
possible. You have 60 s. I will start the stopwatch as 
soon as you give me the first name of a fruit.” 

Test 7: 
Semantic (category) 
fluency 2 

Participants are asked to generate the names of 
vehicles in 60 s. Instruction: “Tell me as many names 
of vehicles as possible. You have 60 s. I will start the 
stopwatch as soon as you give me the first name of a 
vehicle.” 

Test 8: 
Little Red Riding Hood 
narration 

Participants are shown a wordless picture book of the 
Little Red Riding Hood story. The book is then closed, 
and participants are asked to narrate the story. 
Instruction: “I’m sure you are familiar with the story of 
Little Red Riding Hood. I am going to use these 
pictures to refresh your memory of the story. I will 
scroll down the pictures and stop at each one. If you 
are happy with a picture, just say “okay”. If you need 
me to explain how the picture relates to the story, 
please let me know. When we get to the end of the 
pictures, I am going to ask you to tell me the full Little 
Red Riding Hood story.” 

Test 9: 
Procedural discourse 1 

Participants are asked to describe the steps that 
someone would go through to machine wash a load of 
laundry. Instruction: “Can you talk me through all the 
steps or stages needed to machine wash a load of 
laundry?” 

Test 10: 
Procedural discourse 2 

Participants are asked to describe the steps that 
someone would go through to make a cup of coffee. 
Instruction: “Can you talk me through all the steps or 
stages needed to make a cup of coffee?” 

Test 11: 
Confrontation naming 

Participants are shown 20 black-and-white line 
drawings of objects and animals and are asked to 
name them. Instruction: “I’m going to give you a 
number and I would like you to give me the name of 
the thing next to it.” 

Test 12: 
Delayed recall 

Participants are asked to recall the 100-word story 
(Summer Fete) that was read aloud to them at the 

(continued on next page) 
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The following assumptions of Pearson’s correlation coefficients 
(Moore et al., 2009) needed to be satisfied:  

• The variables are continuous (satisfied as the test scores were 
continuous).  

• The relationship between the two variables needs to be linear 
(checked by plotting one variable against the other variable).  

• Both variables are normally distributed (checked using the QQ plot 
and the Shapiro-Wilk test). 

If the normality assumption and/or the assumption of homoscedas
ticity was not satisfied, the analysis results of GLM and Pearson’s cor
relation were still retained and the robustness of the parametric 
approach (i.e., GLM and Pearson’s correlation) was to be confirmed 
using the bootstrap approach in SPSS version 23. The bootstrap tech
nique involves repeatedly resampling the sample, which then enables 
application of statistical inference without distributional assumptions, 
such as homoscedasticity and normality (Lavrakas, 2008). The bootstrap 
technique is recommended for testing of results of parametric statistical 
tests when model assumptions of the parametric tests are not satisfied 
(Lavrakas, 2008). If the linearity assumption was not satisfied, trans
formation of the variables (or adding interaction/quadratic terms (for 
GLM only)) may be employed. If the independence assumption was not 
satisfied, lags of the dependent variable and/or lags of some of the in
dependent variables may be included in the GLM to fix the issue. 

3.5. Results 

Performance across all 12 language tasks was analysed (see Box 2 in 
appendix). FirstCovid participants had the lowest average scores for 
seven tests (Tests 1, 2, 3, 5, 10, 11, and 12) and SecCovid participants 
had the lowest average scores for four tests (Tests 4, 6, 7, and 8). 
FirstHealthy participants had the highest average scores for eight tests 

(Tests 3, 4, 5, 6, 7, 8, 9, and 12) and SecHealthy participants had the 
highest average scores for three tests (Tests 1, 2, and 11). SecCovid 
participants had the highest average score for Test 10 and SecHealthy 
participants had the lowest average score for Test 9. Fig. 1 displays the 
mean scores of the 12 language tasks by group. 

The effects of age, gender, and education level on performance in the 
12 language tasks were examined. The age effect was statistically sig
nificant in the performance of Test 1 (F(1, 127) = 5.456, p = 0.021), 
Test 2 (F(1, 126) = 10.938, p = 0.001), Test 4 (F(1, 127) = 12.835, 
p < 0.001), and Test 12 (F(1, 127) = 8.782, p = 0.004) (Box 3). Upon 
examining the parameter estimates of age (Box 4), it was concluded that 
there was a statistically significantly negative age effect in the perfor
mance of Test 1 (β = − 0.003, SE = 0.001) and Test 12 (β = − 0.004, SE 
= 0.001). That is, older participants tended to have lower test scores for 
Test 1 (immediate recall) and Test 12 (delayed recall). It was also 
concluded that there was a statistically significantly positive age effect 
in the performance of Test 2 (β = 0.003, SE = 0.001) and Test 4 
(β = 0.007, SE = 0.002). That is, older participants tended to have 
higher test scores for Test 2 (picture description) and Test 4 (Horseshoe 
Incident narration). 

The age effect was not statistically significant in the performance of 
Test 3 (F(1, 127) = 0.237, p = 0.627), Test 5 (F(1, 126) = 3.359, 
p = 0.069), Test 6 (F(1, 127) = 0.485, p = 0.487), Test 7 (F(1, 127) 
= 0.553, p = 0.458), Test 8 (F(1, 127) = 1.154, p = 0.285), Test 9 (F(1, 
127) = 1.404, p = 0.238), Test 10 (F(1, 126) = 0.141, p = 0.708), and 
Test 11 (F(1, 127) = 1.402, p = 0.239) (Box 3). 

The gender effect in each of the GLM was also examined. The gender 
effect was not statistically significant in the performance of Test 1 (F(1, 
127) = 1.673, p = 0.198), Test 2 (F(1, 126) = 0.836, p = 0.362), Test 3 
(F(1, 127) = 0.537, p = 0.465), Test 4 (F(1, 127) = 0.202, p = 0.654), 
Test 5 (F(1, 126) = 0.780, p = 0.379), Test 6 (F(1, 127) = 0.658, 
p = 0.419), Test 7 (F(1, 127) = 0.585, p = 0.446), Test 8 (F(1, 127) 
= 0.231, p = 0.632), Test 9 (F(1, 127) = 0.455, p = 0.501), Test 10 (F 
(1, 126) = 0.136, p = 0.713), Test 11 (F(1, 127) = 0.079, p = 0.779), 
and Test 12 (F(1, 127) = 0.964, p = 0.328) (Box 3). The estimated 
marginal means for gender are presented in Box 5 and displayed in Box 6 
in appendix. 

The education effect in each of the GLM was examined. The educa
tion effect was statistically significant in the performance of Test 2 (F(1, 

Table 4 (continued ) 

Task Instruction 

beginning of the session. Instruction: “I told you a 
short story at the start of the session. Can you tell me 
that story back again now?”  

Fig. 1. Performance of participants in the 12 language task.  
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126) = 6.779, p = 0.010), Test 3 (F(1, 127) = 6.331, p = 0.013), Test 6 
(F(1, 127) = 8.479, p = 0.004), Test 7 (F(1, 127) = 5.358, p = 0.022), 
and Test 11 (F(1, 127) = 5.908, p = 0.016) (Box 3). Upon checking the 
estimated marginal means for education (Box 5 and Box 7), it was 
concluded that participants with over 17 years of education had statis
tically significantly higher scores in picture description in Test 2 (M =
8.15, SE = 0.23 for under 17 years; M = 8.82, SE = 0.18 for over 17 
years), sentence generation in Test 3 (M = 4.81, SE = 0.15 for under 17 
years; M = 5.23, SE = 0.12 for over 17 years), category fluency 1 in Test 
6 (M = 18.35, SE = 0.80 for under 17 years; M = 20.95, SE = 0.62 for 
over 17 years), category fluency 2 in Test 7 (M = 12.71, SE = 0.62 for 
under 17 years; M = 14.30, SE = 0.48 for over 17 years), and confron
tation naming in Test 11 (M = 17.41, SE = 0.30 for under 17 years; M =
18.23, SE = 0.23 for over 17 years) than participants with under 17 
years of education. 

The education effect was not statistically significant in the perfor
mance of Test 1 (F(1, 127) = 0.015, p = 0.902), Test 4 (F(1, 127) 
= 0.476, p = 0.492), Test 5 (F(1, 126) = 1.544, p = 0.216), Test 8 (F(1, 
127) = 0.056, p = 0.813), Test 9 (F(1, 127) = 2.771, p = 0.098), Test 10 
(F(1, 126) = 0.846, p = 0.359), and Test 12 (F(1, 127) = 0.002, 
p = 0.963) (Box 3). 

In terms of group comparisons between SecCovid and SecHealthy, 
there was a statistically significant difference in language task perfor
mance between SecCovid and SecHealthy on immediate recall in Test 1 
(M = 7.26 for SecCovid, M = 9.31 for SecHealthy, Mdiff = − 2.05, SE =
0.52, p = 0.001; Box 1 and Box 5). There was also a statistically sig
nificant difference in language task performance between SecCovid and 
SecHealthy on delayed recall in Test 12 (M = 6.71 for SecCovid, M =
8.86 for SecHealthy, Mdiff = − 2.16, SE = 0.54, p = 0.001; Box 1 and Box 
5). There were no statistically significant differences between SecCovid 
and SecHealthy on any of the other language tasks. 

There were statistically significant differences between FirstCovid 
and SecCovid on four tests: picture description in Test 2 (M = 6.96 for 
FirstCovid, M = 9.53 for SecCovid, Mdiff = − 2.57, SE = 0.31, p < 0.001; 
Box 1 and Box 5); category fluency 1 in Test 6 (M = 19.95 for FirstCovid, 
M = 16.11 for SecCovid, Mdiff = 3.84, SE = 1.05, p = 0.002; Box 1 and 
Box5); category fluency 2 in Test 7 (M = 14.59 for FirstCovid, M = 11.39 
for SecCovid, Mdiff = 3.21, SE = 0.81, p = 0.001; Box 1 and Box 5); and 
complex narration in Test 8 (M = 28.38 for FirstCovid, M = 24.35 for 
SecCovid, Mdiff = 4.03, SE = 1.40, p = 0.029; Box 1 and Box 5). There 
were no statistically significant differences between FirstCovid and 
SecCovid on any of the other tasks. 

The performance of FirstHealthy and SecHealthy on the 12 language 
tasks was also compared. There were statistically significant differences 
between FirstHealtjy and SecHealthy on four tests: picture description in 
Test 2 (M = 7.60 for FirstHealthy, M = 9.86 for SecHealthy, Mdiff =

− 2.26, SE = 0.38, p < 0.001; Box 1 and Box 5); narration based on six 
pictures in Test 4 (M = 13.74 for FirstHealthy, M = 11.67 for SecHeal
thy, Mdiff = 2.08, SE = 0.75, p = 0.038; Box 1 and Box 5); category 
fluency 1 in Test 6 (M = 25.09 for FirstHealthy, M = 17.46 for 
SecHealthy, Mdiff = 7.63, SE = 1.32, p < 0.001; Box 1 and Box 5); and 
complex narration in Test 8 (M = 31.93 for FirstHealthy, M = 25.71 for 
SecHealthy, Mdiff = 6.22, SE = 1.77, p = 0.004; Box 1 and Box 5). There 
were no statistically significant differences between FirstHealthy and 
SecHealthy on any of the other tasks. 

To investigate if there was a relationship between phonemic (letter) 
fluency (Test 5) and discourse performance (Test 2, Test, 4, Test 8), 
Pearson’s correlation coefficients were calculated (Box 8). Overall, there 
was a statistically significantly positive relationship between Test 5 and 
Test 2 (r = 0.180, p = 0.039) and between Test 5 and Test 4 (r = 0.243, 
p = 0.005). However, there was no statistically significant relationship 
between Test 5 and Test 8 (r = 0.114, p = 0.191) (Box 9). 

When examining only the FirstCovid group, there was a statistically 
significant positive relationship between Test 5 and Test 4 (r = 0.340, 
p = 0.029). However, there was no statistically significant relationship 
between Test 5 and Test 2 (r = 0.247, p = 0.124) and between Test 5 

and Test 8 (r = 0.017, p = 0.917) (Box 10). When examining only the 
SecCovid group, there was a statistically significant positive relationship 
between Test 5 and Test 2 (r = 0.408, p = 0.008) and between Test 5 
and Test 4 (r = 0.321, p = 0.040). However, there was no statistically 
significant relationship between Test 5 and Test 8 (r = 0.102, 
p = 0.528). When examining only the FirstHealthy group, there was no 
statistically significant relationship between Test 5 and Test 2 
(r = 0.220, p = 0.291), between Test 5 and Test 4 (r = 0.106, 
p = 0.615), and between Test 5 and Test 8 (r = − 0.052, p = 0.805). 
When examining only the SecHealthy group, there was no statistically 
significant relationship between Test 5 and Test 2 (r = − 0.069, 
p = 0.739), between Test 5 and Test 4 (r = − 0.247, p = 0.223), and 
between Test 5 and Test 8 (r = 0.015, p = 0.941). 

4. Discussion 

In summary, adults with Long COVID displayed significantly weaker 
performance than healthy adults in immediate and delayed verbal recall 
at the 6-month follow-up study. This was consistent with their poor 
performance in verbal recall in the first study and indicated that this 
area of cognitive-linguistic performance had not improved during the 6- 
month period between the first and follow-up studies. The absence of 
statistically significant differences between adults with Long COVID and 
healthy adults on all other language tasks indicated that adults with 
Long COVID had improved their performance in several areas that were 
weak in the first study. These areas are verbal fluency (letter and cate
gory fluency) and discourse informativeness. The fact that adults with 
Long COVID had effectively closed the gap between their performance 
and that of healthy adults in verbal fluency and discourse informative
ness suggested that there had been some spontaneous improvement in 
these cognitive-linguistic skills in the 6 months between the first and 
follow-up studies. 

These findings are also supported by comparing the performance of 
adults with Long COVID at the first study and the follow-up study. There 
were no statistically significant differences on immediate and delayed 
verbal recall between first and follow-up studies in adults with Long 
COVID, indicating that there had been no improvement in this area of 
performance. Moreover, we can be certain that the verbal recall tasks 
used in these studies were of comparable difficulty given that healthy 
adults displayed no statistically significant differences between their 
performance on these tasks at the first and follow-up studies. So, the lack 
of change in adults with Long COVID reflected a lack of improvement in 
their verbal recall skills rather than any variation in task difficulty – it 
was not the case that their verbal recall skills had improved but that the 
verbal recall task on follow-up was significantly more difficult to 
perform and was, therefore, unable to reveal this improvement. 

The informativeness of spoken discourse was examined through 
three tasks: Test 2 (picture description); Test 4 (narration based on six 
pictures); and Test 8 (complex narration based on a fictional story). The 
performance of healthy adults on these tasks at follow-up suggested that 
they varied in difficulty relative to the tasks used in the first study. 
Picture description was significantly easier at follow-up while narration 
based on six pictures and complex narration were significantly harder. 
Notwithstanding these differences in task difficulty, adults with Long 
COVID matched the discourse performance of healthy adults on all three 
tasks at follow-up. The reduced informativeness that had been a feature 
of these adults’ performance on these tasks in the first study had effec
tively resolved by the time of the follow-up study. We will see below, 
however, that this finding still masked some significant discourse diffi
culties in these adults. 

To the extent that the discourse performance of adults with Long 
COVID had improved at 6-month follow-up, it is interesting to consider 
what factor(s) may have contributed to this improvement. Letter fluency 
is a measure of executive functioning that has been found to correlate 
with narrative discourse performance in adults with a range of acquired 
neurological disorders (Ash et al., 2011; Ash et al., 2014). In the 
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follow-up study, there was a statistically significant positive relationship 
in adults with Long COVID between letter fluency (Test 5) and two 
discourse production tasks: picture description (Test 2) and narration 
based on six pictures (Test 4). Moreover, adults with Long COVID 
matched the letter fluency performance of healthy adults at follow-up. 
This represented an improvement in letter fluency which had been an 
area of depressed performance for adults with Long COVID in the first 
study. These factors combined suggest that gains made by adults with 
Long COVID in the informativeness of spoken discourse at 6-month 
follow-up were likely attributable to improvements in executive 
functioning. 

At follow-up, adults with Long COVID performed as a group similarly 
to healthy adults on discourse production tasks. However, this group 
performance nevertheless masked difficulty on discourse tasks of several 
adults with Long COVID. For some adults, complex narration based on 
the fictional story Little Red Riding Hood was particularly challenging. 
These narratives often displayed reduced informativeness. Some infor
mation was simply omitted while other information was conveyed in the 
wrong order. The narrative below was produced by a 55-year-old 
woman (‘CL’) who was 14.6 months post COVID onset at the time of 
her follow-up assessment. CL’s narrative achieved an informativeness 
score of 16 out of 50. This score placed CL’s performance between 1 and 
2 standard deviations below the mean score of both adults with Long 
COVID and healthy adults on the same task: 

1: Little Red Riding Hood making a cake for with her mother because 
her grandmother isn’t 

2: well (.) um they put it in a basket her mother tells her goodbye she 
starts to she’s walking 

3: away and she sees something um she sees beautiful flowers that 
she starts to pick for her 

4: grandmother and then a wolf behind a tree sees her and realises 
that she’s going to her 

5: grandmother’s house so the wolf goes in (.) I thought he killed the 
grandmother in the real 

6: story but in this one he gets in the bed puts on the grandmother’s 
clothes an um Little Red 

7: Riding Hood knocks on the door and comes in and she’s saying my 
what teeth big teeth 

8: you have my what (.) um (1.71) big hands you have the wolf eats 
the cake and she realises 

9: it’s a wolf and then um (.) somehow the grandmother she and the 
grandmother escape 

10: together and the grandmother is talking to her on a bench at the 
end. 

In line 4, CL omits the exchange between the wolf and Little Red 
Riding Hood where the wolf asks Red Riding Hood what she is doing 
(picking flowers for grandmother) and where she is going (to grandmother’s 
house). The omission of this information forces the hearer to make an 
inferential leap in order to assimilate the presupposition of the factive 
verb “realises” – namely, that Red Riding Hood is going to her grand
mother’s house. Almost immediately after omitting the exchange be
tween the wolf and Little Red Riding Hood, CL omits the wolf’s action of 
running ahead of Red Riding Hood in order to arrive at grandmother’s 
cottage before her. There is no account given of what happens to the 
grandmother other than she is not killed by the wolf as happens in “the 
real story”. Another informational gap occurs when CL goes straight 
from stating that Red Riding Hood enters the cottage to saying, “what 
big teeth you have”. Two actions should be related by the speaker – the 
cake and flowers are handed to grandmother (who is actually the wolf) 
and the wolf devours the cake. It occurs late to CL that these actions have 
been omitted and she then states the second of them, “the wolf eats the 
cake”, out of sequence. Finally, at the end of the narrative, there is no 
attempt made by CL to address the moral of the story, namely, that you 
should never talk to strangers. Rather, Red Riding Hood and her 
grandmother are simply represented as talking together while they sit on 
a bench. 

CL’s reduced informativeness during the production of spoken 
discourse is not related to any deficit in her structural language skills. 
She was able to produce well-formed, meaningful language that contains 
a range of grammatical constructions and an appropriate vocabulary for 
her educational level and professional background – CL was a masters- 
qualified professional writer and health coach before her COVID 
illness. Notwithstanding her strong structural language skills, CL was 
unable to leverage these skills to produce informative discourse. In 
Cummings (2023a), it was argued that we need to look beyond an 
aphasic language disorder in order to explain language difficulties of 
adults with Long COVID. (It should be noted, however, that individuals 
with severe COVID disease can develop aphasia as a neurological 
complication of the infection.) Given the cognitive basis of 
COVID-related language difficulties, it was contended that these diffi
culties are most appropriately diagnosed as a cognitive-communication 
disorder within a wider nosology of language disorder. 

At follow-up, adults with Long COVID performed similarly to healthy 
adults on tasks that assessed structural language skills. These tasks 
include Test 3 which examines sentence generation and Test 11 which 
assesses confrontation naming. These same language skills were also 
intact in adults with Long COVID in the first study. But normal test 
scores in sentence generation and confrontation naming often masked 
considerable cognitive struggle and inefficiency on the part of these 
adults. Below, a 56-year-old woman (‘LL’) with Long COVID is 
attempting to name pictures during the confrontation naming task in the 
follow-up study. LL was a primary school teacher prior to her COVID 
illness. She was 14.3 months post COVID onset at the time of her second 
assessment. Although LL named 17 of 20 items correctly – a score that 
placed her performance just below the mean score of 18.5 in healthy 
adults in the follow-up study – she displayed considerable inefficiency 
during her naming of several test items (see Table 5). 

Although LL named all five target words in Table 5 correctly, three 
without prompts, several behaviours indicated that her lexical access 
and retrieval were compromised by cognitive inefficiencies. First, 
lengthy timed pauses occurred throughout LL’s responses. These pauses 
gave LL more time in which to access and search her mental lexicon; 
they were an adaptive strategy to compensate for slow information 
processing. Second, the examiner’s use of phonemic cues facilitated LL’s 
naming of the words chisel and cannon. The provision of these sound cues 
provided LL with the additional activation that was required to trigger 
the production of these words. Third, LL talked around the target word 
cannon (e.g., “I know these are shot […] with the Queen and it’s her 
birthday”). So-called circumlocution helps LL achieve additional acti
vation of the target word so that the threshold for naming can be 
reached. Fourth, LL produced expressions of frustration (e.g., ah God) 
and statements that conveyed her struggle during naming (e.g., I can’t 

Table 5 
LL’s responses during confrontation naming.  

Target 
word 

LL’s response 

Chisel “um (2.67) God I can’t think what it’s called (10.97) I know it’s not a 
screwdriver (9.21) I can’t think what it’s called I know what it does 
[Examiner: would you like me to give you the first sound of the word?] 
yeah [Examiner: che, che] oh, a chisel” 

Artichoke “ah (4.15) can’t think what it’s called um (2.50) a choke (1.64) what’s 
it called (2.29) something choke (1.71) artichoke” 

Crescent “oh what’s it called (.) um I do know it (2.01) I do know it number one 
hundred and forty-six is a (3.52) crescent moon” 

Pliers “ah God um a hundred and seventy-six (3.71) not a spanner um (2.96) 
pliers” 

Cannon “forty-five is a (1.87) what is it (4.87) I know these are shot when it’s 
um something that the (1.06) with the Queen and it’s her birthday 
(2.28) I can’t think what it’s called (2.40) [Examiner: would you like 
me to give you the first sound?] yes please [Examiner: ca, ca] (.) a 
cannon”  
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think what it’s called). These remarks further suggested that naming was 
a laboured, inefficient cognitive process for LL. 

Sentence generation also posed difficulties for adults with Long 
COVID, even when scores on this task were in the normal range. In  
Table 6, a 58-year-old woman (‘AM’) with Long COVID is attempting to 
generate sentences based on combinations of two, three, and four 
spoken words. AM was a health care assistant before her COVID illness. 
She was 14.2 months post COVID onset at the time of her second 
assessment. Although she achieved a score of 5 out of 6 on this task – the 
average score of healthy adults on sentence generation in the follow-up 
study was 5.19 – AM’s responses were laboured and inefficient (see 
Table 6). 

Several features of AM’s responses suggest that this task was 
particularly challenging for her. AM produced many false starts and 
repetitions of words and phrases as she worked her way towards her 
final utterance. Lengthy timed pauses and frequent use of fillers (e.g., 
um, eh) provided AM with more time in which to undertake sentence 
encoding. Statements such as “why do I find this so difficult” suggested 
that AM’s subjective cognitive experience during this task was one of 
considerable struggle. In short, although AM’s sentence generation score 
was comparable to that of healthy adults, her execution of the task 
revealed significant cognitive inefficiencies in her sentence encoding. 
The presence of cognitive difficulties in adults with Long COVID who 
have normal test performance has implications for the assessment of 
these adults (Cummings, 2023c). This issue is addressed in Section 5.2 
below. 

5. Implications 

This study has far-reaching implications for a large population of 
adults who have had their lives upended by Long COVID. Prior to the 
COVID-19 pandemic, no health problem had compromised so many 
people of working age or in such a devastating way. The fact that 
problems with cognition and language should feature so prominently in 
the post COVID-19 condition raises pressing concerns for employers and 
health professionals alike. In this section, we examine the impact of 
COVID-related cognitive and language difficulties on the ability of 
adults with Long COVID to return to work. Aside from the employment 
issues raised by Long COVID, there are challenges for the health pro
fessionals – speech-language pathologists for the most part – who must 
provide clinical communication services to adults with Long COVID. 
This new condition raises questions relating to assessment, diagnosis 
and intervention that must be addressed. This section also examines 
these questions and considers possible answers. 

5.1. Employment 

This follow-up study has shown that adults with Long COVID 
continue to experience significant cognitive-linguistic difficulties nearly 
two years after the onset of their COVID illness. With difficulties of such 
an extended duration, it is to be expected that Long COVID has a 

significant impact on employment and the ability of individuals to re
turn to work. This study also collected information on participants’ pre- 
COVID employment and on employment outcomes at an average of 20.8 
months (range = 6.8–31.8 months) after the onset of illness. Prior to 
their COVID illness, 90.25% of participants were either in employment 
or in full-time education (see Table 7). Most participants were employed 
in healthcare (31.71%) and education (31.71%). By the date of their 
second assessment, 97.3% of participants who had been in employment 
prior to COVID-19 had not been able to return to their full pre-COVID 
occupational role (see Table 8). Additionally, 69.44% had not been 
able to return to any type of employment by the date of their second 
assessment. In the absence of employment, participants had taken early 
retirement (8%), had received ill health retirement (28%), or were 
dependent on social security benefits (48%) for financial support (see  
Table 9). An altogether smaller number, just four participants (16%), 
had been able to return to their pre-COVID occupational role with ad
justments after the date of their second assessment. 

Of course, it may be argued that these low rates of work return could 
be attributed to symptoms other than cognitive-linguistic difficulties. 
However, when questioned about their employment outcomes at the 
second assessment, participants with Long COVID suggested that their 
cognitive-linguistic difficulties were a significant factor in their inability 
to return to work. A 50-year-old woman, who worked as an occupational 
therapist (OT) prior to developing COVID-19, described the conditions 
under which she had not been able to return to work: 

Woman with Long COVID (23.8 months post onset): 

“I was an OT working on Rapid Response, so was seeing patients 
right up to 1st April 2020. I have not been able to return to work 
since, now medically retired. This is due to cognitive problems still 
including language.” 

Table 6 
AM’s responses during the sentence generation task.  

Target words AM’s response 

patient – ambulance “okay um (5.54) the ambulance (.) it’s like why do I find 
this so difficult um take your time (1.96) the [peɪʃ] the 
patient ah stepped into the ambulance” 

volcano – erupt – lava “okay (1.57) um (3.80) and again I am thinking about 
tenses again here which I think the, the erupt not erupted 
[comment to examiner] alright um (1.60) the volcano 
erupted and the lava came spilling out” 

dead – gun – farmer – 
burglar 

“um (3.54) farmer gun (1.93) the farmer his gun (2.13) oh 
farmer gun (2.36) oh eh the farmer shot his gun and the 
burglar (2.09) was dead”  

Table 7 
Pre-Covid occupation of 41 participants.  

Occupation % Occupation % 

Healthcare (total): 13 31.71% Other occupations (total): 10 24.39% 
Consultant (1) 2.44% Police officer (3) 7.32% 
General practitioner (1) 2.44% Probation service (1) 2.44% 
Nurse (6) 14.63% Project manager (1) 2.44% 
Dietician (1) 2.44% Public rights of way officer (1) 2.44% 
Occupational therapist (2) 4.88% Leadership coach/trainer (1) 2.44% 
Paramedic (1) 2.44% Human resources manager (1) 2.44% 
Healthcare assistant (1) 2.44% Shop assistant (1) 2.44% 
Education (total): 13 31.71% British Sign Language interpreter (1) 2.44% 
Teacher (11) 26.83% Full-time education (1) 2.44% 
Lecturer (1) 2.44% Unemployed (4) 9.75% 
Schools career adviser (1) 2.44%    

Table 8 
Occupational status before Covid and at 6-month follow-up study.  

Occupational status Raw number (percentage) 

Were you employed before developing COVID-19? YES: 37 (90.24%) 
NO: 4 (9.76%) 

Had you returned to your full pre-COVID occupational 
role by the date of your follow-up assessment? 

YES: 1/37 (2.70%) – see 
Note 
NO: 36/37 (97.30%) 

Had you returned to any form of employment by the 
date of your follow-up assessment? If YES, what was 
this employment? 

YES: 11/36 (30.56%) 
Pre-COVID role with 
adjustments: 10 
New work role: 1 
NO: 25/36 (69.44%) 

Note: The single participant who had returned to her full pre-COVID occupa
tional role by the date of her second assessment was the youngest participant in 
the study. She was in full-time education but had to change her mode of study to 
part-time the month after her second assessment because of Long COVID. 
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A 52-year-old woman recounted how she struggled with concentra
tion and retention of information and was no longer able to read. She 
was a teacher before developing COVID-19 and had not returned to work 
26.5 months after the onset of her COVID illness: 

Woman with Long COVID (26.5 months post onset): 

“My brain fog means that I can no longer concentrate for very long or 
retain information that I have read. Before Long Covid I was an avid 
reader, now I’ve given up as I can’t retain the plot.” 

A 33-year-old woman in the study worked as a British Sign Language 
interpreter prior to her COVID illness. This occupational role places a 
high language demand on its user. Unsurprisingly, this woman’s 
cognitive-linguistic difficulties had prevented her from returning to 
work. She had not been able to resume her full-time interpreting role by 
the date of her second assessment some 25 months after the onset of her 
COVID illness: 

Woman with Long COVID (25.1 months post onset): 

“Before Covid I worked full time. After the second assessment I was 
back informally yes, about 3 h a week. Not fully interpreting but 
modifying emails for a client I have worked with for years. I am still 
not on the interpreting register as I am not ready to take on bookings. 
But I work informally with an old client.” 

The question naturally arises: given that cognitive-linguistic diffi
culties in Long COVID have a significant occupational impact in the 
medium to long term, how should these difficulties be managed by 
employers and occupational health professionals? Standard phased 
returns, with work duties scaling up to a full load of duties within a 

relatively short period of time, are often unsuccessful for people with 
Long COVID. Comments from participants in the study indicate that 
these phased returns place considerable stress on individuals. This often 
leads to a resurgence of COVID symptoms and a further period of sick
ness absence (see Fig. 2). Below, a 50-year-old woman who worked as a 
senior nurse in a neonatal unit reported the type of problems that poorly 
planned phased returns can create for people with Long COVID. The 
short duration of these returns, coupled with the unpredictable nature of 
Long COVID symptoms, including cognitive-linguistic difficulties, made 
it difficult for her to approach a return to work with confidence: 

Woman with Long COVID (15.3 months post onset): 

“Not knowing how long my cognition and word finding will take to 
return is the hardest thing. Especially when work want to know when 
I’m fit to return and there is only 12-week return on offer. I really 
don’t think this will be feasible, with the position and responsibilities 
I have, to get back to full time in that time span.” 

People with Long COVID often experience inflexibility and a lack of 
support at the hands of their employers. It was not uncommon for re
quests for adjustments to be denied, even when they represented a 
continuation of a pattern of working that was already successfully in use 
(e.g., working from home one day a week). Some redeployments caused 
anxiety and frustration as people with Long COVID knew “normal re
deployments” were certain to fail. Human resources departments exac
erbated the distress of people with Long COVID through poor 
communication, insensitive interactions, and confrontational workplace 
meetings. Participants with Long COVID in the study reported having to 
return to work for fear of dismissal by their employers. Equally dis
tressing were reports of participants having to present for work when 
they were clearly too unwell to do so (see Fig. 2). 

Clearly, some people with Long COVID are successful in returning to 
work and there is much that we can learn from these cases. Participants 
in the follow-up study described the conditions that had facilitated their 
return to work (see Fig. 3). The duration and intensity of phased returns 
were important considerations. Phased returns that were planned over 
many months rather than a few weeks were more likely to secure a good 

Table 9 
Outcome for participants with no work return at 6-month follow-up study.  

Outcome Raw number (percentage) 

Returned to pre-COVID role with adjustments 4/25 (16.00%) 
Took early retirement 2/25 (8.00%) 
Received ill health retirement 7/25 (28.00%) 
Receiving social security benefits 12/25 (48.00%)  

Fig. 2. Negative occupational experiences of adults with Long COVID at follow-up.  
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outcome for people with Long COVID. Also, duties and tasks that were 
increased gradually, with extended periods of time in between each new 
responsibility, also helped adults with Long COVID to make a permanent 
return to work. A change of work role was also reported to be beneficial. 
Several participants in the follow-up study were employed in health 
roles that placed high demands on cognition and communication. They 
were redeployed in non-clinical roles that gave them time to regain their 
physical and mental stamina in the workplace without the risk that 
patients might come to harm. Adjustments that involved the provision of 
equipment (e.g., mobility scooter) and flexible work arrangements (e.g., 
working from home and on alternative days) also enabled adults with 
Long COVID to return to the workplace and remain in it. Finally, several 
participants in the follow-up study acknowledged the excellent support 
they received from occupational health professionals in preparing them 
to return to work and supporting them as they adjusted to their work 
roles. 

5.2. Speech-language pathology 

Cognitive-linguistic difficulties in Long COVID have clinical impli
cations for the health professionals – speech-language pathologists for 
the most part – who must assess and treat these difficulties. The per
formance of adults with Long COVID in the follow-up study reaffirms 
that there is little to be gained in assessing language skills in this new 
population of clients in the way that speech-language pathologists assess 
language in a condition like aphasia. Adults with Long COVID have 
relatively strong structural language skills – they can produce well- 
formed, meaningful utterances, as suggested by their performance on 
tasks like sentence generation and confrontation naming, and their 
language comprehension is adequate for understanding complex task 
instructions. Where adults with Long COVID experience problems is in 

the use of language to produce informative discourse. The high-level 
cognitive-linguistic processes that are pressed into use during 
discourse production are not successfully examined through the type of 
language test batteries that are used to assess aphasia. In fact, adults 
with Long COVID may be expected to perform in the normal range on 
assessments such as the Boston Diagnostic Aphasia Examination-3 (BDAE- 
3; Goodglass et al., 2001) and the Western Aphasia Battery-Revised 
(WAB-R; Kertesz, 2006). (It should, of course, be acknowledged that 
both the BDAE-3 and the WAB-R contain a picture description task – see 
below.) An alternative method of assessment is required that examines 
aspects of language that are most susceptible to disruption in the pres
ence of cognitive dysfunction. 

This alternative method of assessment involves the use of discourse 
production tasks. The cognitive complexity of these tasks can be varied 
through simple adjustments such as the presence and absence of picto
rial support and the use of a single picture versus a sequence of pictures 
during discourse production. These tasks can be used to assess executive 
function, a group of cognitive skills that is integral to the planning of 
episodes in a narrative and the ordering of events in a story based on a 
sequence of pictures. Discourse production tasks can also be used to 
assess theory of mind skills. A narrator must decide what information a 
hearer knows and can be left implicit in a narrative, and what infor
mation must be explicitly stated. These judgements involve mentalizing 
or theory of mind. Also, the actions of characters in a narrative are 
motivated by mental states, the articulation of which explains why these 
characters behave as they do. Attributing mental states to characters in a 
narrative also requires the use of the narrator’s theory of mind skills. 

Discourse production tasks are also a more ecologically valid way in 
which to assess cognitive abilities such as memory and attention. De
mands on memory and attention during narration, for example, are 
altogether different from those that are tested in the memory and 

Fig. 3. Factors that facilitate a return to work in adults with Long COVID.  
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attention domains of cognitive assessments such as the Montreal 
Cognitive Assessment (MoCA; Nasreddine et al., 2005) – tasks in these 
MoCA domains require examinees to recall of a list of words (memory) 
and to repeat a list of digits in forward and backward order (attention). It 
is not difficult to see how an adult with Long COVID might pass these 
MoCA tasks and yet have memory and attention problems that 
compromise language use in a range of everyday communicative con
texts. In fact, it is often reported by adults with Long COVID that they 
passed cognitive screening using assessments such as MoCA but that 
they nevertheless experience significant cognitive difficulties when 
using spoken and written language to communicate. One 65-year-old 
woman with Long COVID remarked of her cognitive assessment as 
follows: 

Woman with Long COVID (39 months post onset): 

“I can pass your tests in a quiet room but in my life I can barely 
function. At least not reliably. The world is not a controlled envi
ronment and applying cognition isn’t the same as your tests. I begged 
for them to explore functional data instead of just tests and I said that 
as a clinical psychologist who had experience with them.” 

In Section 4, it was described how cognitive-linguistic difficulties in 
Long COVID are a type of cognitive-communication disorder, akin to the 
cognitive-communication disorders that speech-language pathologists 
are more accustomed to assessing and treating in clients with traumatic 
brain injury (TBI), right-hemisphere damage (RHD) and neurodegen
erative disorders. It is no coincidence that speech-language pathologists 
also use discourse production tasks to examine cognitive- 
communication problems in these clinical populations (Steel et al., 
2023). Discourse processes such as information management are 
uniquely sensitive to cognitive disruption in conditions like traumatic 
brain injury. This explains the observation that adults with TBI often 
engage in repetitive language (Body and Parker, 2005) – repetitive 
language, by definition, conveys no new information. Adults with TBI 
also omit information and present information in an incorrect order 
(Pistono et al., 2019; Power et al., 2020). These difficulties with the 
management of information in discourse are also apparent in the lan
guage of adults with RHD and neurodegenerative disorders (Berube 
et al., 2022). That it is now proposed that language difficulties in adults 
with Long COVID should be assessed using the same discourse produc
tion tasks that are used to assess communication problems in people 
with TBI, RHD and neurodegenerative disorders is further confirmation 
of the diagnostic status of COVID-related language problems as a type of 
cognitive-communication disorder. 

Adults with Long COVID also present an intervention challenge for 
speech-language pathologists. This population of clients is significantly 
younger than most adults who are assessed and treated by speech- 
language pathologists – the adults with Long COVID in this follow-up 
study were 48.8 years on average, while clients with aphasia and 
neurodegenerative disorders are generally in their sixth, seventh and 
eighth decades of life. This age difference is important as it means that 
issues such as employment must be given prominence in the rehabili
tation of clients with Long COVID – a return to employment may be less 
pressing for older clients with aphasia and neurodegenerative disorders. 
Although there is still no evidence base for communication interventions 
for people with Long COVID, there are some guiding principles that can 
be applied to the treatment of this population of clients. These principles 
are set out below. For further discussion of intervention in people with 
Long COVID and cognitive-communication disorders, readers are 
referred to the clinical guidelines of the Royal College of Speech and 
Language Therapists (2023). 

(1) Focus on discourse-level interventions – This follow-up study has 
clearly shown that it is high-level discourse skills that are most disrupted 

by cognitive dysfunction in Long COVID. These are the skills that allow 
us to plan utterances to accommodate the information needs of hearers, 
to relate events through causal and temporal relations, and to draw in
ferences that facilitate language comprehension. Word- and sentence- 
level interventions of the kind used to treat people with aphasia are 
unlikely to prove effective in the rehabilitation of adults with Long 
COVID and may serve only to exacerbate the fatigue in the condition. (Of 
course, it should be acknowledged that adults with Long COVID can also 
have aphasia, especially following severe COVID-19 disease.) Discourse 
skills can be addressed both through conversation, a form of dialogical 
discourse, and monological discourse such as storytelling activities. (In 
reality, of course, these forms of discourse often merge such as when we 
tell stories during conversation.) Discourse-level interventions permit 
speech-language pathologists to target the interface between language 
and cognitive processes such as executive functions, an area of docu
mented compromise in the post COVID-19 condition. 

(2) Focus on communication in naturalistic settings – Interventions for 
Long COVID should target conversation skills in naturalistic contexts. 
The cognitive challenges of these contexts can be overwhelming for 
people with Long COVID. But they can be controlled so that adults with 
Long COVID can build their way back into communication without 
triggering a significant relapse in their condition. This “graded 
communication approach” helps people with Long COVID regain their 
language and communication skills in an incremental fashion alongside 
recovery of cognitive functions such as attention and memory (see  
Fig. 4). The focus on naturalistic settings has implications for how 
speech-language pathology is delivered to adults with Long COVID. 
Interventions delivered in clinics do not replicate the cognitive demands 
of the workplace or the social environments that adults with Long 
COVID successfully navigated prior to their COVID illness. But they can 
provide a useful starting point for the early practice and consolidation of 
communication skills. A graded communication approach can then take 
these skills and develop them within interactions of greater cognitive 
complexity such as interactions that involve several participants or that 
have background distractions that compete for a speaker’s attention. 

(3) Focus on continual monitoring and modification – The only thing 
that can be said with any certainty about Long COVID is that it is an 
unpredictable condition. Within even a few hours, adults have reported 
significant changes in their symptoms, including the ability to commu
nicate. This unpredictable course makes the management of the condi
tion by the individual with Long COVID and by health professionals 
particularly challenging. The fluctuating course of Long COVID means 
that when a rehabilitation program is established, it must be continually 
monitored and modified to meet the changing needs of the person with 
Long COVID. Communication activities and goals must be revised as 
clients experience changes in their condition. This may involve the 
cessation of treatment to allow a patient to recover their baseline level of 
functioning following a severe relapse or a return to an earlier stage of 
intervention when cognitive symptoms are acute. In all cases, symptom 
stabilization cannot be assumed and gains in therapy cannot be regarded 
as permanent. The intervention model is one of continual revision at the 
level of tasks, activities, and goals, with clinicians rapidly adapting to 
new challenges created by fatigue and other Long COVID symptoms. 

(4) Advocacy for adults with Long COVID – Finally, speech-language 
pathologists have always viewed it as part of their professional role to 
undertake advocacy for clients in their care with policy makers, 
healthcare providers, and employers. This advocacy role is particularly 
important for clinicians who are working with clients who have Long 
COVID. This follow-up study has demonstrated clearly that communi
cation difficulties in Long COVID prevent a return to work. Moreover, 
adults with Long COVID often receive few, if any, adjustments from 
employers and are required to comply with phased returns that are 
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Fig. 4. Guidelines for managing cognitive-linguistic difficulties in adults Long COVID.  
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Fig. 4. (continued). 

L. Cummings                                                                                                                                                                                                                                     



Language and Health 2 (2024) 1–21

14

poorly suited to their needs. Speech-language pathologists can, and 
should, act as advocates on behalf of their clients, particularly with 
employers. They are the health professionals who are best placed to 
advise employers on the adjustments that can facilitate a return to work 
in adults with communication difficulties in Long COVID. For some 
adults, this may involve a temporary change of role that does not involve 
interactions with patients or the public that place high demands on 
communication skills. Simple reassignment of duties such as not 
answering work telephone calls can also facilitate adults with Long 
COVID in returning to the workplace. By informing employers of 
tailored adjustments that they can implement and reminding them of 
their legal duties to undertake these adjustments, speech-language pa
thologists can be a powerful facilitator of work re-integration for adults 
with Long COVID. 
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Appendix  

Box 1 
Pairwise comparisons between groups.   

Group i Group j Mdiff (i-j) SE P 

Test 1 FirstCovid FirstHealthy -2.20 0.52 < 0.001 

Immediate FirstCovid SecCovid 0.20 0.44 1.000 

Recall FirstCovid SecHealthy -1.85 0.52 0.003  

FirstHealthy SecCovid 2.40 0.53 < 0.001  

FirstHealthy SecHealthy 0.35 0.55 1.000  

SecCovid SecHealthy -2.05 0.52 0.001 

Test 2 FirstCovid FirstHealthy -.644 0.36 .468 

Picture FirstCovid SecCovid -2.57 0.31 < 0.001 

Description FirstCovid SecHealthy -2.90 0.36 < 0.001  

FirstHealthy SecCovid -1.93 0.36 < 0.001  

FirstHealthy SecHealthy -2.26 0.38 < 0.001  

SecCovid SecHealthy -0.33 0.36 1.000 

Test 3 FirstCovid FirstHealthy -0.24 0.24 1.000 

Sentence FirstCovid SecCovid -0.17 0.20 1.000 

Generation FirstCovid SecHealthy -0.17 0.23 1.000  

FirstHealthy SecCovid 0.07 0.24 1.000  

FirstHealthy SecHealthy 0.07 0.25 1.000  

SecCovid SecHealthy -0.004 0.23 1.000 

Test 4 FirstCovid FirstHealthy -1.54 0.71 0.191 

Horseshoe FirstCovid SecCovid 0.88 0.59 0.837 

Incident FirstCovid SecHealthy 0.54 0.70 1.000  

FirstHealthy SecCovid 2.42 0.71 0.005  

FirstHealthy SecHealthy 2.08 0.75 0.038  

SecCovid SecHealthy -0.34 0.70 1.000 

Test 5 FirstCovid FirstHealthy -13.44 2.75 < 0.001 

Letter FirstCovid SecCovid -1.92 2.27 1.000 

Fluency FirstCovid SecHealthy -7.94 2.67 0.021  

FirstHealthy SecCovid 11.52 2.75 < 0.001  

FirstHealthy SecHealthy 5.50 2.89 0.358  

SecCovid SecHealthy -6.03 2.67 0.154 

Test 6 FirstCovid FirstHealthy -5.15 1.25 < 0.001 

Category FirstCovid SecCovid 3.84 1.05 0.002 

Fluency: FirstCovid SecHealthy 2.49 1.23 0.268 

Fruit FirstHealthy SecCovid 8.99 1.25 < 0.001  

FirstHealthy SecHealthy 7.63 1.32 < 0.001 

(continued on next page) 
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Box 1 (continued )  

Group i Group j Mdiff (i-j) SE P  

SecCovid SecHealthy -1.35 1.23 1.000 

Test 7 FirstCovid FirstHealthy -0.27 0.96 1.000 

Category FirstCovid SecCovid 3.21 0.81 0.001 

Fluency: FirstCovid SecHealthy 1.42 0.95 0.814 

Vehicles FirstHealthy SecCovid 3.48 0.96 0.003  

FirstHealthy SecHealthy 1.69 1.02 0.589  

SecCovid SecHealthy -1.79 0.95 0.370 

Test 8 FirstCovid FirstHealthy -3.55 1.67 0.216 

Little Red FirstCovid SecCovid 4.03 1.40 0.029 

Riding Hood FirstCovid SecHealthy 2.67 1.65 0.644  

FirstHealthy SecCovid 7.58 1.68 < 0.001  

FirstHealthy SecHealthy 6.22 1.77 0.004  

SecCovid SecHealthy -1.36 1.65 1.000 

Test 9 FirstCovid FirstHealthy -0.40 0.30 1.000 

Procedural: FirstCovid SecCovid -0.36 0.25 0.918 

Laundry FirstCovid SecHealthy 0.09 0.29 1.000  

FirstHealthy SecCovid 0.04 0.30 1.000  

FirstHealthy SecHealthy 0.49 0.32 0.733  

SecCovid SecHealthy 0.45 0.29 0.765 

Test 10 FirstCovid FirstHealthy -0.28 0.33 1.000 

Procedural: FirstCovid SecCovid -0.57 0.27 0.232 

Coffee FirstCovid SecHealthy -0.22 0.32 1.000  

FirstHealthy SecCovid -0.30 0.33 1.000  

FirstHealthy SecHealthy 0.05 0.35 1.000  

SecCovid SecHealthy 0.35 0.32 1.000 

Test 11 FirstCovid FirstHealthy 0.04 0.47 1.000 

Confrontation FirstCovid SecCovid -0.70 0.39 0.464 

Naming FirstCovid SecHealthy -0.81 0.46 0.486  

FirstHealthy SecCovid -0.73 0.47 0.718  

FirstHealthy SecHealthy -0.84 0.49 0.539  

SecCovid SecHealthy -0.11 0.46 1.000 

Test 12 FirstCovid FirstHealthy -2.92 0.55 < 0.001 

Delayed FirstCovid SecCovid -0.31 0.46 1.000 

Recall FirstCovid SecHealthy -2.46 0.54 < 0.001  

FirstHealthy SecCovid 2.62 0.55 < 0.001  

FirstHealthy SecHealthy 0.46 0.58 1.000  

SecCovid SecHealthy -2.16 0.54 0.001 

Note: Mdiff(i-j) = mean difference between Group i and Group j, SE = standard error, and p = p-value. p-values were adjusted for multiple comparisons 
using the Bonferroni method.   

Box 2 
Descriptive statistics of performance in the 12 language task.   

FirstCovid (N = 41) SecCovid (N = 41) FirstHealthy (N = 26) SecHealthy (N = 26)  

M (SD) Mdn (IQR) M (SD) Mdn (IQR) M (SD) Mdn (IQR) M (SD) Mdn (IQR) 

Test 1 7.73 (2.17) 7.5 (3.0) 7.51 (1.99) 7.5 (3.3) 9.73 (1.97) 10 (3.1) 9.42 (1.95) 9.25 (2.1) 

Test 2 7.18 (1.58) 7 (2.0) 9.77 (1.29) 10 (1.5) 7.79 (1.27) 8 (1.5) 10.10 (1.60) 10.5 (2.1) 

Test 3 5.00 (0.84) 5 (2.0) 5.17 (1.00) 5 (1.0) 5.23 (0.86) 5 (1.0) 5.19 (0.94) 5.5 (2.0) 

Test 4 12.37 (2.91) 13 (3.8) 11.52 (2.66) 11 (4.8) 13.85 (2.94) 14 (4.5) 11.81 (2.65) 11.5 (5.0) 

Test 5 35.10 (10.13) 32 (16.0) 37.10 (10.50) 36 (16.0) 48.08 (10.86) 50 (17.0) 42.85 (10.04) 45 (18.0) 

Test 6 20.71 (5.90) 21 (9.0) 16.85 (3.97) 17 (5.0) 25.81 (4.73) 25 (7.0) 18.35 (4.54) 18 (6.0) 

Test 7 15.10 (4.16) 15 (5.0) 11.90 (3.03) 11 (3.0) 15.31 (3.73) 15 (5.0) 13.73 (3.85) 13.5 (7.0) 

Test 8 28.76 (6.52) 28 (10.0) 24.70 (6.63) 23.5 (9.3) 32.10 (5.77) 31 (7.5) 25.94 (6.06) 25.25 (12.1) 

(continued on next page) 
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Box 2 (continued )  

FirstCovid (N = 41) SecCovid (N = 41) FirstHealthy (N = 26) SecHealthy (N = 26) 

Test 9 6.32 (0.96) 7 (1.0) 6.68 (1.06) 7 (2.0) 6.69 (0.98) 7 (1.3) 6.23 (1.58) 6 (3.0) 

Test 10 6.24 (1.16) 6 (1.8) 6.82 (1.07) 7 (2.0) 6.58 (1.42) 7 (2.0) 6.52 (1.36) 7 (2.5) 

Test 11 17.61 (1.90) 18 (2.0) 18.32 (1.80) 19 (2.0) 17.62 (2.08) 18 (2.0) 18.50 (1.27) 19 (1.0) 

Test 12 6.62 (2.20) 6.5 (2.5) 6.90 (2.15) 6.5 (2.5) 9.39 (2.08) 9.5 (4.0) 8.96 (2.07) 8.5 (4.0) 

Note: N = sample size, M = mean, SD = standard deviation, Mdn = median, and IQR = interquartile range. N = 40 for Test 2 of FirstCovid, N = 25 for Test 5 of 
FirstHealthy, and N = 25 for Test 10 of SecHealthy. For each test, black bold text indicated the highest score, and red bold text indicated the lowest score among the 
four groups.   

Box 3 
GLM results (Type III F-test).  

DV Source F df1 df2 P Н R2 

Test 1 Group 10.510 3 127 < 0.001 0.199 0.241  

Gender 1.673 1 127 0.198 0.013   

Education 0.015 1 127 0.902 0.0004   

Age 5.456 1 127 0.021 0.041  

Test 2 Group 36.589 3 126 < 0.001 0.466 0.506  

Gender 0.836 1 126 0.362 0.007   

Education 6.779 1 126 0.010 0.051   

Age 10.938 1 126 0.001 0.080  

Test 3 Group 0.431 3 127 0.731 0.010 0.063  

Gender 0.537 1 127 0.465 0.004   

Education 6.331 1 127 0.013 0.047   

Age 0.237 1 127 0.627 0.002  

Test 4 Group 4.343 3 127 0.006 0.093 0.169  

Gender 0.202 1 127 0.654 0.002   

Education 0.476 1 127 0.492 0.004   

Age 12.835 1 127 < 0.001 0.092  

Test 5 Group 9.203 3 126 < 0.001 0.180 0.216  

Gender 0.780 1 126 0.379 0.006   

Education 1.544 1 126 0.216 0.012   

Age 3.359 1 126 0.069 0.026  

Test 6 Group 19.661 3 127 < 0.001 0.317 0.363  

Gender 0.658 1 127 0.419 0.005   

Education 8.479 1 127 0.004 0.063   

Age 0.485 1 127 0.487 0.004  

Test 7 Group 6.866 3 127 < 0.001 0.140 0.175  

Gender 0.585 1 127 0.446 0.005   

Education 5.358 1 127 0.022 0.040   

Age 0.553 1 127 0.458 0.004  

Test 8 Group 8.118 3 127 < 0.001 0.161 0.173  

Gender 0.231 1 127 0.632 0.002   

Education 0.056 1 127 0.813 0.0004   

Age 1.154 1 127 0.285 0.009  

Test 9 Group 1.504 3 127 0.217 0.034 0.063  

Gender 0.455 1 127 0.501 0.004   

Education 2.771 1 127 0.098 0.021   

Age 1.404 1 127 0.238 0.011  

Test 10 Group 1.471 3 126 0.226 0.034 0.042  

Gender 0.136 1 126 0.713 0.001   

Education 0.846 1 126 0.359 0.007   

Age 0.141 1 126 0.708 0.001  

Test 11 Group 2.038 3 127 0.112 0.046 0.096 

(continued on next page) 
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Box 3 (continued ) 

DV Source F df1 df2 P Н R2  

Gender 0.079 1 127 0.779 0.001   

Education 5.908 1 127 0.016 0.044   

Age 1.402 1 127 0.239 0.011  

Test 12 Group 13.958 3 127 < 0.001 0.248 0.305  

Gender 0.964 1 127 0.328 0.008   

Education 0.002 1 127 0.963 0.00002   

Age 8.782 1 127 0.004 0.065  

Note: F = F-statistic, df1 = degrees of freedom of the numerator, df2 = degrees of freedom of the denominator, p = p-value, η2 = partial eta squared (representing the 
effect size), and R2 

= R squared (i.e., the coefficient of determination).   

Box 4 
Parameter estimate for age.   

β SE 95% CI t df p 

Test 1 -0.003 0.001 [− 0.006, − 0.001] -2.336 127 0.021 

Test 2 0.003 0.001 [0.001, 0.005] 3.307 126 0.001 

Test 3 0.0003 0.001 [− 0.001, 0.002] 0.487 127 0.627 

Test 4 0.007 0.002 [0.003, 0.011] 3.583 127 < 0.001 

Test 5 0.014 0.007 [− 0.001, 0.028] 1.833 126 0.069 

Test 6 -0.002 0.003 [− 0.009, 0.004] -0.697 127 0.487 

Test 7 0.002 0.003 [− 0.003, 0.007] 0.744 127 0.458 

Test 8 -0.005 0.005 [− 0.014, 0.004] -1.074 127 0.285 

Test 9 0.001 0.001 [− 0.001, 0.003] 1.185 127 0.238 

Test 10 0.0003 0.001 [− 0.001, 0.002] 0.375 126 0.708 

Test 11 0.002 0.001 [− 0.001, 0.004] 1.184 127 0.239 

Test 12 -0.004 0.001 [− 0.007, − 0.001] -2.964 127 0.004 

Note: β = parameter estimate, SE = standard error, CI = confidence interval, t = t-statistic,df = degrees of freedom, and p = p-value.   

Box 5 
Estimated marginal means (M (SE)) of performance in language tasks (for categorical variables only).   

Group Gender Education  

FirstCovid SecCovid FirstHealthy SecHealthy Female Male Under 17 Over 17 

Test 1 7.46 (0.38) 7.26 (0.38) 9.66 (0.40) 9.31 (0.41) 8.74 (0.22) 8.10 (0.43) 8.45 (0.34) 8.40 (0.26) 

Test 2 6.96 (0.26) 9.53 (0.26) 7.60 (0.28) 9.86 (0.28) 8.64 (0.15) 8.33 (0.30) 8.15 (0.23) 8.82 (0.18) 

Test 3 4.87 (0.17) 5.04 (0.17) 5.11 (0.18) 5.05 (0.19) 5.10 (0.10) 4.94 (0.19) 4.81 (0.15) 5.23 (0.12) 

Test 4 12.21 (0.51) 11.32 (0.51) 13.74 (0.55) 11.67 (0.56) 12.38 (0.30) 12.08 (0.58) 12.06 (0.46) 12.41 (0.35) 

Test 5 33.85 (1.95) 35.77 (1.95) 47.29 (2.12) 41.79 (2.13) 40.81 (1.14) 38.55 (2.22) 38.47 (1.74) 40.88 (1.35) 

Test 6 19.95 (0.90) 16.11 (0.90) 25.09 (0.96) 17.46 (0.98) 20.13 (0.52) 19.18 (1.02) 18.35 (0.80) 20.95 (0.62) 

Test 7 14.59 (0.69) 11.39 (0.69) 14.86 (0.74) 13.17 (0.76) 13.85 (0.40) 13.16 (0.79) 12.71 (0.62) 14.30 (0.48) 

Test 8 28.38 (1.20) 24.35 (1.21) 31.93 (1.29) 25.71 (1.32) 22.98 (0.70) 27.22 (1.37) 27.45 (1.08) 27.74 (0.83) 

Test 9 6.19 (0.21) 6.55 (0.22) 6.59 (0.23) 6.10 (0.24) 6.45 (0.13) 6.26 (0.24) 6.18 (0.19) 6.54 (0.15) 

Test 10 6.27 (0.24) 6.84 (0.24) 6.54 (0.25) 6.49 (0.26) 6.48 (0.14) 6.59 (0.27) 6.43 (0.21) 6.64 (0.17) 

Test 11 17.45 (0.34) 18.15 (0.34) 17.42 (0.36) 18.26 (0.37) 17.88 (0.20) 17.76 (0.38) 17.41 (0.30) 18.23 (0.23) 

Test 12 6.40 (0.39) 6.71 (0.39) 9.32 (0.42) 8.86 (0.43) 8.08 (0.23) 7.57 (0.45) 7.83 (0.35) 7.82 (0.27) 

Note: M = mean and SE = standard error. 

.    
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. 

Box 6. Estimated marginal means of performance in language tasks by gender.   

Box 7. Estimated marginal means of performance in language tasks by education level.   
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Box 8 
Pearson’s correlation coefficients (r (p)).   

Test 5 vs. Test 2 Test 5 vs. Test 4 Test 5 vs. Test 8 

All data 0.180 (0.039) 0.243 (0.005) 0.114 (0.191) 

By group    

FirstCovid 0.247 (0.124) 0.340 (0.029) 0.017 (0.917) 

SecCovid 0.408 (0.008) 0.321 (0.040) 0.102 (0.528) 

FirstHealthy 0.220 (0.291) 0.106 (0.615) -0.052 (0.805) 

SecHealthy -0.069 (0.739) -0.247 (0.223) 0.015 (0.941) 

Note: r = Pearson’s correlation coefficient and p = p-value.

Box 9. Scatter plot of Test 5 against Test 2, Test 4, and Test 8 (All data).  

. 
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Box 10. Scatter plot of Test 5 against Test 2, Test 4, and Test 8, by group.  

. 
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Jorquera, M., Polidura, C., Gil, M. J., Marcos, A., Matías-Guiu, J., & Matías- 
Guiu, J. A. (2022). Cognitive dysfunction associated with COVID-19: A 
comprehensive neuropsychological study. Journal of Psychiatric Research, 150, 
40–46. https://doi.org/10.1016/j.jpsychires.2022.03.033 

Goodglass, H., Kaplan, E., & Barresi, B. (2001). Boston diagnostic aphasia examination 
(Third ed.). Lippincott Williams & Wilkins.  

Hadad, R., Khoury, J., Stanger, C., Fisher, T., Schneer, S., Ben-Hayun, R., Possin, K., 
Valcour, V., Aharon-Peretz, J., & Adir, Y. (2022). Cognitive dysfunction following 
COVID-19 infection. Journal of Neurovirology, 28(3), 430–437. https://doi.org/ 
10.1007/s13365-022-01079-y 

Hampshire, A., Trender, W., Chamberlain, S. R., Jolly, A. E., Grant, J. E., Patrick, F., 
Mazibuko, N., Williams, S. C., Barnby, J. M., Hellyer, P., & Mehta, M. A. (2021). 
Cognitive deficits in people who have recovered from COVID-19. EClinicalMedicine, 
39, Article 101044. https://doi.org/10.1016/j.eclinm.2021.101044 

House of Commons. (2020, March 5) Oral evidence by Professor Chris Whitty, Chief 
Medical Officer for England, to the Health and Social Care Committee. 〈https 
://committees.parliament.uk/oralevidence/113/html/〉. 

L. Cummings                                                                                                                                                                                                                                     

https://doi.org/10.1016/j.bandl.2011.05.006
https://doi.org/10.1016/j.bandl.2011.05.006
https://doi.org/10.1212/WNL.0000000000000670
https://doi.org/10.1212/WNL.0000000000000670
https://doi.org/10.1044/2022_AJSLP-21-00294
https://doi.org/10.1080/02699200400027189
https://doi.org/10.1111/1460-6984.12868
https://doi.org/10.1111/1460-6984.12868
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781003257318-5/cognitive-linguistic-difficulties-adults-long-covid-louise-cummings?context=ubx&amp;refId=94c92ed0-b1eb-4d64-8a19-f0c1f9dfa7a8
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781003257318-5/cognitive-linguistic-difficulties-adults-long-covid-louise-cummings?context=ubx&amp;refId=94c92ed0-b1eb-4d64-8a19-f0c1f9dfa7a8
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781003257318-5/cognitive-linguistic-difficulties-adults-long-covid-louise-cummings?context=ubx&amp;refId=94c92ed0-b1eb-4d64-8a19-f0c1f9dfa7a8
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781003257318-6/communication-related-quality-life-adults-long-covid-louise-cummings?context=ubx&amp;refId=6d778308-7de7-45df-8383-66421c30d005
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781003257318-6/communication-related-quality-life-adults-long-covid-louise-cummings?context=ubx&amp;refId=6d778308-7de7-45df-8383-66421c30d005
https://www.taylorfrancis.com/chapters/oa-edit/10.4324/9781003257318-6/communication-related-quality-life-adults-long-covid-louise-cummings?context=ubx&amp;refId=6d778308-7de7-45df-8383-66421c30d005
https://doi.org/10.1016/j.laheal.2023.05.001
https://doi.org/10.1016/j.jpsychires.2022.03.033
http://refhub.elsevier.com/S2949-9038(23)00032-5/sbref10
http://refhub.elsevier.com/S2949-9038(23)00032-5/sbref10
https://doi.org/10.1007/s13365-022-01079-y
https://doi.org/10.1007/s13365-022-01079-y
https://doi.org/10.1016/j.eclinm.2021.101044
https://committees.parliament.uk/oralevidence/113/html/
https://committees.parliament.uk/oralevidence/113/html/


Language and Health 2 (2024) 1–21

21

Kertesz, A. (2006). Western aphasia battery-revised. Pearson.  
Kutner, M. H., Nachtsheim, C. J., Neter, J., & Li, W. (2005). Applied linear statistical 

models. McGraw-Hill Irwin.  
Lavrakas, P. J. (2008). Encyclopedia of survey research methods. SAGE Publications Ltd.  
Moore, D., McCabe, G., & Craig, B. (2009). Introduction to the practice of statistics. W.H. 

Freeman and Company.  
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