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Abstract

Patient-reported quality-of-life (QoL) and carer impacts are not reported after

leucine-rich glioma-inactivated 1-antibody encephalitis (LGI1-Ab-E). From 60

patients, 85% (51 out of 60) showed one abnormal score across QoL assess-

ments and 11 multimodal validated questionnaires. Compared to the premor-

bid state, QoL significantly deteriorated (p < 0.001) and, at a median of

41 months, fatigue was its most important predictor (p = 0.025). In total, 51%

(26 out of 51) of carers reported significant burden. An abbreviated five-item

battery explained most variance in QoL. Wide-ranging impacts post-LGI1-Ab-E

include decreased QoL and high caregiver strain. We identify a rapid method

to capture QoL in routine clinic or clinical trial settings.

Introduction

Leucine-rich glioma-inactivated 1-antibody encephalitis

(LGI1-Ab-E) is the commonest form of autoimmune

encephalitis (AE) in adults and typically causes seizures,

behavioural and cognitive impairment.1,2 Early immuno-

therapy often effectively treats seizures and can halt

cognitive decline.3 However, longer-term LGI1-Ab-E

follow-up studies highlight a potentially severe spectrum

of neuropsychological impacts.4,5 Little is known about

which of these impact on quality-of-life (QoL).

Fatigue has emerged as a notable sequel to AE.6,7 We

previously reported fatigue as the predominant long-

term impairment in LGI1-Ab-E, and found it correlated

with depression, anxiety, cognition and the modified

Rankin Scale (mRS).4 Although frequently used in AE,

the mRS was developed for stroke and is widely consid-

ered inadequate as an AE outcome. Recently, the

Clinical Assessment Scale in Autoimmune Encephalitis

(CASE) has been proposed as a more AE-tailored scale,

especially in N-methyl-D-aspartate receptor-antibody

encephalitis (NMDAR-Ab-E).8 However, AE studies to
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date have focused on clinician-rated outcomes, not

patient- or carer- rated measures.

Here, we characterise patient-reported QoL and evalu-

ate carer impacts. Further, we cross-correlate QoL with

an extended battery of neuropsychiatric tools and devise

an abbreviated QoL-centred battery for use in clinical and

trial settings.

Methods

Clinical assessment

Recruitment of 60 LGI1-Ab-E patients, their clinical

characteristics and performance across standardised

questionnaires assessing cognition, affect, fatigue, and

clinician-rated disability, was previously described (Tables S1

and S2).4 Here, we extend these assessments to include:

i Pathological Laughter and Crying Scale9: a clinician-

rated measure to assess emotionality, as we had

observed LGI1-Ab-E patients with tearfulness to usually

innocuous stimuli;

ii The Neuropsychiatric Inventory Questionnaire

(NPIQ)10: a carer-rated measure of the patient’s symp-

tom severity (NPIQ-S) and associated carer distress

(NPIQ-D);

iii QoL. Patients rated their current and pre-illness QoL

using:

a EQ5D5L11. EQ5D5L is validated across multiple dis-

eases using two components: a five-point index scale

covering mobility, self-care, activities of daily living,

pain/discomfort and anxiety/depression and a visual

analogue scale (EQ5D5L-VAS; 0%–100%) to record

health status;

b Life Satisfaction Questionnaire (LSQ).12 Nine QoL

domains are rated (Q1-9): life as a whole (measuring

overall QoL) in addition to self-care, leisure, voca-

tion, finances, sexual life, partnership relation, family

life, and friends and acquaintances; each from 1

(very dissatisfying) to 6 (very satisfying).

Data were collected from 60 patients, with the excep-

tion of fatigue scales, completed by 31. Numbers of com-

pleted assessments are shown as denominators

throughout. There were no significant differences between

groups with and without fatigue questionnaires, other

than a shorter time of illness duration (37.7 vs.

75.4 months; t(51.74) = 3.270, p = 0.002) (Table S3); as

previously reported.4 Using age-appropriate thresholds,

cut-offs for impairment were derived from manuals, pub-

lished cohorts, or if no specified cut-off available, set at

two standard deviations from the healthy control value.

Statistical methods

Detailed statistical methods are described in supplementary

methods. Pre- and post-acute illness scores for QoL mea-

sures (EQ5D5L-VAS and LSQ question 1) were compared

using t- and Wilcoxon signed-rank tests in JASP (2019;

Version 0.10.2 or R(v4.0.3)). Correlations (Spearman

method) and clustering were performed and plotted in R

with hmisc (v5.1.1), corrplot (v0.92) and ggpubr (v0.6.0)

packages. For multiple regression, confirmatory factor

analysis (Lavaan) reduced QoL measures (EQ5D5L

numeric and EQ5D5L-VAS, and LSQ-Q1) to a single latent

QoL variable (termed the QoL-VAR).13 Fatigue scores

(correlated at r = 0.91, p < 0.0001) were condensed to a

single average z-score. The regression model included age,

time to immunotherapy and time from disease onset,

excluding multicollinear variables (variance inflation factor

>5). Exploratory factor analysis (EFA) reduced the battery

to components capturing the highest variance.

Study data and permissions

Informed written consent (Research Ethics Committee

approval 16/YH/0013) was obtained from all patients.

Results

In our previous report,4 32% (18 out of 56) exhibited

cognitive impairment as assessed by the Addenbrooke’s

Cognitive Examination (ACE-III), 19% (11 out of 58)

showed depression, 33% (19 out of 58) anxiety and 52%

(16 out of 31) fatigue (Fatigue Scale for Motor and Cog-

nitive Function; FSMC). Overall, 63% (38 out of 60) were

impaired on at least one included domain.

By adding data on emotionality, QoL and carer burden,

forming a comprehensive battery of long-term outcomes,

we now observed 85% (51 out of 60) had at least one

abnormal result (Fig. 1A). Within this, carer distress in

spouses or relatives was common (26 out of 51; 51%),

with 43% (22 out of 51) rating the patient’s symptoms as

severe. Excess emotionality was identified in 11 out of 59

patients (19%). QoL was reduced in 51% (29 out of 57)

and significantly reduced when comparing pre-morbid to

current states (corrected p < 0.001 for both EQ5D5L-VAS

and LSQ-Q1; Fig. 1B,C). Also, significant reductions in all

individual QoL domains were observed (Fig. 1D and

Table S4), at a time when most patients (81%, 48 out of

59) showed a functionally ‘good’ mRS of ≦2 (Fig. 1E).4

The mean decrease in QoL domain scores of �0.71
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(range � 0.31 to �1.19; Fig. 1D and Table S4) dropped

QoL below the threshold for ‘good’ in the categories of

life as a whole, leisure activities, vocational life, financial

situation and contact with friends.

To understand inter-relationships between individual

neurocognitive assessments and QoL, we analysed correla-

tions after FDR correction (all significant correlations in

Fig. 1F, with individual depictions in Fig. 1G–M). First,

we observed close and statistically significant correlations

between the two clinician-rated assessments mRS and

CASE (R = 0.73, padj ≤0.001) and two patient-rated out-

comes, the EQ5D5L-VAS and LSQ Q1 (R = 0.59, padj

≤0.001; Fig. 1G,H). However, patient- and clinician-rated

outcomes were less strongly correlated (R = �0.35 to

�0.43) (Fig. 1F,I,J). Multiple measures correlated with

carer burden (NPIQ-D), including mRS and CASE

(Fig. 1K,L), depression and anxiety (Fig. 1F).

Emotionality was associated most strongly with fatigue

(R = 0.51, padj = 0.002;Fig. 1F). The LSQ-Q1 and

EQ5D5L-VAS also correlated strongly with fatigue

Figure 1. Multi-domain impairment and decrease in quality of life after LGI1-Ab-E. (A) Bar chart depicting proportion of patients with abnormal

scores in assessments compared to age-appropriate cut-offs in manuals or published literature. Labelling denotes number of patients impaired on

each assessment, total number of patients having completed the assessment and % impaired. Cut-off for anxiety and/or depression on the HADS

was set at >8. (B and C): Box plots of pre- or peak- to post-acute illness score in LGI1-Ab-E patients on the LSQ-Q1 (B) and EQ5D5L-VAS (C). The

midpoint of the boxplot represents the median. Upper and lower hinges represent the 75th and 25th percentiles, respectively. Whiskers extend to

the largest and smallest values within 1.5*interquartile range (IQR). Outliers beyond 1.5*IQR are depicted as circles plotted beyond the whiskers.

(D) Bar chart of pre- to post-acute illness score in LGI1-antibody encephalitis patients in the nine sub-domains of the LSQ. Q1: life as a whole; Q2:

self-care; Q3; leisure; Q4; vocation; Q5; finances; Q6; sexual life; Q7: partnership relationship; Q8: family life; Q9: contact with friends. Dotted

line marks cut-off for impairment. Error bars depict standard deviation. The higher the score, the better the outcome; a score of 5 or above is

equal to a good level of satisfaction (dotted line). p Values calculated using Wilcoxon signed rank nonparametric test, Holm corrected. Effect size

calculated by rank biserial r, rrb. *p < 0.05, **p < 0.01 (E) Stacked bar chart showing number of patients at each mRS at follow-up; a score of 2

or below is generally considered as a good outcome. (F) Correlogram displaying relationships across all assessed domains. Positive correlations are

depicted in green and negative correlations in purple. The size of the circle is proportional to the strength of the correlation with the R value

depicted in each circle. Only correlations which remained significant after correction for multiple comparison (p < 0.05) are shown; empty boxes

represent non-significant correlations. To avoid multicollinearity, fatigue is represented by MFIS, and QoL by the LSQ-Q1 and EQ5D5L-VAS, in

correlation plots and analysis. (G–N) Scatter plots of selected single correlations between clinician and patient-rated outcome measures (G–J), the

NPIQ-D and clinician-rated outcome measures (K and L) and Fatigue and QoL (M and N). ACE, Addenbrooke’s Cognitive Examination; CASE,

Clinical Assessment Scale in Autoimmune Encephalitis; EQ5D5L – VAS, EQ5D5L – Visual Analogue Scale; FAB, Frontal Assessment Battery; FSMC,

Fatigue Scale for Motor and Cognitive Function; HADS-A or D, Hospital Anxiety and Depression Scale – Anxiety or Depression; LGI1-Ab-E, leucine-

rich glioma-inactivated 1-antibody encephalitis; LSQ, Life Satisfaction Questionnaire; MFIS, Modified Fatigue Impact Scale; MMSE, mini-mental

state examination; mRS, modified Rankin Scale; NPIQ_D/NIPQ_S, Neuropsychiatric Inventory Questionnaire – Distress/Severity.
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(R = �0.59, padj = 0.002 and R = �0.68, padj ≤0.001;
Fig. 1M,N), depression (R = �0.5 and � 0.56,

p ≤ 0.001), anxiety (R = -0.38 and � 0.54, padj = 0.008

and <0.001) and carer burden (NPIQ-D; both R = �0.46,

p = 0.003; Fig. 1F). As previously reported, fatigue corre-

lated with mood (R = 0.77, padj ≤0.001 with anxiety and

R = 0.84, padj ≤0.001 with depression;Fig. 1F).

Finally, mRS and CASE correlated with multiple

patient-rated factors, whereas classical cognitive scales

such as the Frontal Assessment Battery (FAB), mini-

mental state examination (MMSE) and ACE showed rela-

tively few relationships outside of themselves.

Next, we applied hierarchical clustering to highlight

over-arching relationships. Three clusters emerged:

patient-related QoL, cognition scales and the remaining

multi-domain assessments (Fig. 1F). As patient QoL corre-

lated with many domains outside of its immediate cluster,

multiple regression, enter method, was performed to

understand the most influential factors. When including

covariates (age, time to immunotherapy and months since

onset), the model with latest mRS and acute CASE signifi-

cantly predicted QoL (F (10,12)=5.69, p = 0.003,

R2 = 0.826, R2
adjusted = 0.681) with fatigue (p = 0.025) and

the FAB (p = 0.033) as the only significant factors

(Table S5). Stepwise regression model confirmed the

fatigue Z-score, but not the FAB, as significant (Table S6),

as did a further enter model using latest CASE and peak

mRS (Table S7). There was no influence of anxiety, depres-

sion, immunotherapy or anti-seizure medications on

fatigue (Table S3).

Finally, as the research battery required more than

3 hours, its core components were distilled. Using EFA,

most QoL-VAR variance was captured by five instruments:

the ACE, HADS, CASE, Modified Fatigue Impact Scale

(MFIS) and EQ5D5L-VAS (Table S8). Cumulatively, these

took ~30 min to complete. Subsequent regression analysis

showed the ACE, HADS, CASE and MFIS predicted 66%

of EQ5DL-VAS variance (F(4,24) = 11.63, p = 0.0001,

R2 = 0.660, R2
adjusted = 0.603), showing these real-life

instruments accurately reflected the QoL-VAR variable.

Discussion

To our knowledge, this study represents the most detailed

exploration of cognitive, neuropsychiatric and QoL out-

comes, and the first systematic survey of carer distress, in

LGI1-Ab-E. Our data expand the proportion of patients

impacted from 63% to 85%.4 Moreover, they highlight the

substantial burden placed on carers and spouses; >50%
described psychological distress, warranting increased soci-

etal acknowledgement, practical and emotional support

and improved attention to neurorehabilitation in AE. Cor-

relations, corrected for multiple comparisons, revealed

interactions between QoL and mood, fatigue, emotionality

and carer burden, but not more traditionally investigated

cognitive outcomes.

We uncovered a marked pre- to post-LGI1-Ab-E decline

in QoL, including all aspects of contentment quantified by

the LSQ, despite satisfactory clinical outcomes such as a

‘good’ mRS (mean post-illness score = 1.6). These results

reinforce that global measures of functional disability such

as the mRS are inadequate in LGI1-Ab-E.

Fatigue was significant in all our regression models and

the principal and only consistent QoL predictor, indepen-

dent of depression. Time to immunotherapy did not

influence QoL, despite its efficacy in acute seizure

control.3 Fatigue is recognised as a disabling feature of

many long-term neurological conditions.14 Our results

signal the importance of recognising fatigue in LGI1-Ab-E

and a multidisciplinary team approach. Further studies

will be required to understand its pathogenesis and treat-

ment, including the possibility of randomised controlled

trials of fatigue management post-AE.

Finally, our data identify a shortened, effective battery

comprising five assessments with future utility in both

clinic and trial settings.

Strengths and limitations

Strengths include study size and strict phenotyping, and

the breadth and depth of hypothesis-driven assessments

drawn from our own clinical observations, the AE

literature5–7 and other neuro-inflammatory diseases.15

Potential drawbacks include the UK-only cohort, hetero-

geneity in follow-up durations, pragmatic retrospective

ascertainment of pre-illness status, lack of sleep assess-

ments and an important limitation that fatigue question-

naires were only administered to a subset (31 out of 60,

52%) of patients. This subset had a significantly shorter

mean illness duration by almost three years, but this was

accounted for in the regression model, and there were no

other significant differences between the groups with and

without fatigue data, including comparable current mRS

and CASE scores (Table S3). While 85% of patients dem-

onstrated at least one abnormal score in these assess-

ments, around 2.5% of the general population are also

likely to show abnormalities, especially across our wide-

ranging assessment protocol. The brief battery presented

here is verified only in patients with LGI1-Ab-E, and

future work should evaluate its efficacy in patients with

other forms of antibody-mediated encephalitis.

Conclusions

Our findings provide the first detailed examination of

QoL in LGI1-Ab-E and should cement the importance of
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assessing QoL in AE. Our findings demonstrate fatigue is

the major driver of reduced QoL Further, our simple

multimodal battery should assist a more accurate capture

of patient outcomes and help standardise international

research.
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