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Abstract

Objective: Extraglandular neurological manifestations of Sj€ogren’s syndrome

are increasingly recognized, defining the disease entity of Neuro-Sj€ogren. Neu-

ropsychological assessment of patients with Sj€ogren’s syndrome has hitherto

been performed on predominantly rheumatological cohorts. These studies

revealed a wide variety of prevalence rates for cognitive impairment (22–80%),

while variable cut-off criteria for detection of cognitive impairment were

applied. Attentional functions have not yet been thoroughly investigated in

these patients, although they clearly represent relevant aspects of cognitive func-

tioning in daily life. Methods: We therefore conducted extensive neuropsycho-

logical assessment based on two neuropsychological test batteries [i.e., the

extended German version of the Consortium to Establish a Registry for Alzhei-

mer’s Disease Neuropsychological Assessment Battery (CERAD-PLUS), and the

test battery for attentional performance (TAP) as a well-established assessment

of attentional functions in the German-speaking part of Europe]. Results:

Sixty-four patients with Neuro-Sj€ogren, who were treated at our university hos-

pital between December 2016 and January 2019, were included. Evidence for

the presence of cognitive impairment was found in 55% of patients with

Neuro-Sj€ogren. The degree of cognitive impairment ranged from mild (38%) to

severe (17%). Attentional and mnemonic subtests showed pronounced cognitive

impairment in patients with Neuro-Sj€ogren. Interpretation: Our results suggest

that a substantial proportion of patients with Neuro-Sj€ogren suffer from cogni-

tive impairment, putatively as a corollary of attentional deficits, which might

exert adverse effects on occupational abilities, other cognitive functions, and

social role functioning.

Introduction

Sj€ogren’s syndrome is an autoimmune disease with lym-

phocytic infiltration and consecutive inflammatory

destruction of salivary and lacrimal glands causing the typi-

cal sicca symptoms in eyes and mouth.1,2 Extraglandular

neurological manifestations of Sj€ogren’s syndrome are

increasingly recognized, forming the entity of Neuro-

Sj€ogren.3–7 While peripheral neuropathy and cranial nerve

affection4,5 are the most prevalent neurological symptoms

of Sj€ogren’s syndrome with rates of up to 60%, there have

been several studies suggesting the involvement of the cen-

tral nervous system through spinal cord involvement,

headache,8 and cognitive dysfunction.9–12 Neuropsycholog-

ical testing in patients with Sj€ogren’s syndrome has hitherto

been performed on mostly rheumatological cohorts with

the typical female preponderance.13 Furthermore, investi-

gation of attentional function has not yet been thoroughly

analyzed in patients with Sj€ogren’s syndrome, although it

represents one of the most relevant aspects of cognitive

functionality in daily life and its impairment leads to dispo-

sition of neuropsychiatric comorbidity.14 We therefore

conducted this study to determine the prevalence and char-

acter of cognitive dysfunction and attention in patients

with Neuro-Sj€ogren in accordance with the current classifi-

cation criteria for Sj€ogren’s syndrome.15
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Methods

Patient selection

Patients were recruited from inpatients of the neurologi-

cal department of the Hanover Medical School, who were

treated between December 2016 and January 2019. Inclu-

sion was obtained if patients fulfilled the current classifi-

cation criteria for Sj€ogren’s syndrome according to the

American College of Rheumatology and the European

League Against Rheumatology15 and if neuropathy was

clinically and electrophysiologically and/or histopathologi-

cally (in the sense of a proven small fiber neuropathy)

evident. For adequate diagnostics, Anti-SSA(Ro)- and

Anti-SSB(La)-antibody testing as well as a minor salivary

gland biopsy were performed. Objective xerophthalmia

and xerostomia were assessed via Schirmer test (lacrimal

fluid < 5 mm/5 min in at least one eye) and Saxon test

(saliva production of <3.5 g/2 min). Exclusion criteria

were diminished speech comprehension, remarkable

vision or hearing loss, and relevant functional deficits in

the upper limb movement, as those represented crucial

skills for valid neuropsychological testing. Patients with

major depression or other psychiatric disorder, prior

learning disorder, multiple sclerosis, alcohol abuse, carci-

noma, hypothyroidism, and vitamin B12 deficiency were

also not tested. Seven patients suffered from hypothy-

roidism but were substituted to a euthyroid metabolic

status at the time of testing. Four patients were previously

diagnosed with vitamin B12 deficiency but were ade-

quately substituted at the time of testing.

Neuropsychological testing

Neuropsychological testing was performed by the “Con-

sortium in order to establish a registry for Alzheimer’s

Disease” (CERAD-PLUS)16 and the “Test battery for

attentional performance” (TAP).17 We followed a fully

standardized approach in which the patients attended the

established neuropsychological tests and their perfor-

mance was compared to large samples of normative data.

Therefore, a control group was not included. The subtest

results were collected as z-values, respectively, in relation

to a previously established large-sized norm sample and

therefore corrected for age, gender, and education. The

time of scholar education was therefore inquired, inde-

pendent of attended school modality.

The CERAD-Plus test and the TAP test were both

selected because large standardization data sets are avail-

able (see the sample size information in Table 3). As a

result, patient’s performance can be expressed in z scores

(M = 0, SD = 1). Z scores below 0 indicate that the

group’s performance is impaired compared to that of the

respective age-, education-, and gender-matched large-

sized standardization control sample.

“Consortium in order to establish a registry for
Alzheimer’s Disease” (CERAD-PLUS)

The CERAD-PLUS is an established cognitive test battery

originally developed as a screening for Alzheimer´s disease
and designed to test executive functions, visuospatial

understanding, language, and memory function through

12 subtests.16,18,19 Table 1 displays a short description of

the applied subtests following our previously published

methodology.20

“Test battery for attentional performance” (TAP)

Four subtests of the TAP were used to assess attentional

performance.21,22

Table 1. Short description of the applied CERAD-PLUS subtests.

CERAD-PLUS subtest Subtest task

Semantic fluency Number of listed animals in 60 sec

Boston naming test Number of correctly labeled items (e.g., a house, a camel, a volcano, a tree) (out of 15)

Wordlist learning Immediate reproduction of 10 previously provided terms (threefold repetition)

Wordlist learning recall Delayed reproduction of the 10 previously provided terms after completing an interim task

Wordlist learning intrusions Number of falsely reproduced terms on Wordlist learning and Wordlist learning recall

Wordlist learning recognition Identification of the previously provided terms among 10 distractor words

Figures drawing Reproduction of provided figures (including a circle, a cube, a rhombus, and a configuration of rectangles)

next to the original

Phonemic fluency Number of listed words starting with the letter “S” in 60s

Figures recall Delayed reproduction of the previously provided figures (including a circle, a cube, a rhombus, and a

configuration of rectangles) after an interim task

Trail making test A Connection of distributed numbers in numerical order (measured in seconds)

Trail making test B Interchanging connection of numbers and letters in numerical and alphabetical order (from 1 to A to 2 to B etc.)

(measured in seconds)
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Alertness

This subtest measured the participants’ simple reaction

time. Visual stimuli (a cross appearing on a monitor)

were presented either alone (condition A = visual stimu-

lus) or preceded by a warning sound (condition B = vi-

sual stimulus with a warning sound). Stimuli were

presented in a fully automated ABBA blocked trials pat-

tern. Intervals between warning sound (if provided) and

visual stimulus were randomly chosen. Twenty visual

stimuli were presented to the participants (test duration

approximately 5 min).

Divided attention

In this dual task, participants had to simultaneously

observe visual and auditory distractor stimuli and were

asked to identify two previously specified stimuli: 1. (vi-

sual) a square, which was formed by smaller crosses and

2. (auditory) a tone repetition in a series of alternating

high and low pitched tones. In total, 100 visual and 200

auditory stimuli were presented (test duration approxi-

mately 5 min).

Working memory

Testing working memory required a constant flow of

information through participants’ short-term memory.

This was achieved by a continuously presented sequence

of numbers with numbers appearing one at a time. The

participants had to recognize when a number equaled the

penultimate (which was no longer visible and therefore

had to be kept in mind). About 100 numbers were pro-

vided, while 15 represented a relevant stimulus (test dura-

tion approximately 5 min).

Sustained attention

Sustained attention was tested through visual presentation

of a sequence of colored shapes. Participants had to rec-

ognize whether two consecutively presented figures

matched in shape or color. About 450 stimuli were pre-

sented with 54 stimuli representing a relevant stimulus

(test duration 15 min).

For the subtests of divided attention, working memory,

and sustained attention, the number of false positive

errors was protocolled.

Data analysis and interpretation

All data were processed as z-values through comparison

to a standard sample and were therefore corrected for

age, education, and gender. Subtest results ≤�1.5

standard deviation (SD) and >�2.5 SD were classified as

mild impairment and results ≤�2.5 SD as severe impair-

ment. Overall cognitive impairment was diagnosed if ≥3
subtest results showed mild reduction of cognitive func-

tion or if ≥2 subtests showed reduction of cognitive func-

tion with at least one of them severe. The degree of

overall cognitive impairment was then classified in the

following manner:

Severe overall impairment: reduction of cognitive func-

tion in ≥2 tests with at least one of them severe.

Mild overall impairment: mild reduction of cognitive

function in ≥3 tests.

Statistical analysis and data collection

Statistical data analysis was obtained using SPSS V24

(IBM, USA 2017). Testing for normal distribution was

performed by Shapiro–Wilk. Parametric data were tested

using one sample t-tests, and nonparametric data were

analyzed by Wilcoxon tests. Correlation analysis for non-

parametrical, ordinal data was performed via Kruskal–
Wallis test. The confounding factor analysis was per-

formed via Chi-square test. Data were collected and docu-

mented anonymously. Missing values were descriptively

handled.

Ethical approval

Approval of the study by the local ethics committee of

the Hanover Medical School was obtained (No.

8270_BO_S_2019). All patients provided their informed

consent.

Results

Patient’s characteristics

Sixty-four patients were included in the analysis, who ful-

filled the current classification criteria for Sj€ogren’s syn-

drome and showed electrophysiological and/or

histopathological evidence of neuropathy and/or were

diagnosed with myelitis. 45/64 patients were hospitalized

during testing. Hospital admission was due to routine

diagnostics and/or therapy of chronic symptoms without

acute deterioration in 40/45 patients. 5/45 were hospital-

ized for evaluation of acute symptom onset. Baseline

characteristics are fully displayed in Table 2. Patients

showed a median age at the time of testing of 59 years

(range 32–84 years) and 63% were female. Objective

xerophthalmia was found in 55 patients (86%) and objec-

tive xerostomia in 30 patients (47%). Forty-eight patients

showed a definite histopathologic sialadenitis of either

grade 3 (1 focus of a lymphocytic infiltration per 4 mm
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of salivary tissue) or grade 4 (>1 focus of a lymphocytic

infiltration per 4 mm of salivary tissue) according to

Chisholm and Mason.23 Twenty-eight patients (44%) were

seropositive for anti-SSA(Ro) antibodies and six patients

(9%) for anti-SSB(La) antibodies. Determination of the

classification criteria score15 via summation of applicable

items for every patient [evident xerostomia (1 point),

xerophthalmia (1 point), definite sialadenitis (3 points),

and/ or anti-SSA(Ro) antibody-positivity (3 points)] lead

to a mean score of 4.9 points. Neurological manifestation

presented as affection of the peripheral nervous system in

60/64 patients and as inflammatory myelitis in 6/64

patients (aquaporin-4-antibody positive in 2/6), while both

entities overlapped in two of those patients. Twenty-eight

patients showed a primarily demyelinating neuropathy,

while in nine, a primarily axonal neuropathy was found.

Sixteen patients suffered from a mixed axonal and demyeli-

nating neuropathy. In seven patients, biopsy revealed a

small fiber neuropathy. Painful sensory neuropathy was

evident in 35/64 patients. Pain-related medications were

taken by 17/64 patients (gabapentin in six cases, pregabalin

in eight cases, amitriptyline in one case, and opioids in two

cases). Even if this was no explicit focus of this investiga-

tion, 26/64 patients had undergone magnetic resonance

imaging (MRI) of the brain during routine diagnostics. 6/

26 patients with available cerebral MRI showed T2-hyper-

intensities indicating a microangiopathic pattern in fron-

toparietal subcortical regions. The other 20 brain MRIs did

not reveal a pathology.

Cognitive impairment

Data analysis revealed cognitive impairment in 35/64

patients (55%). The degree of cognitive impairment was

severe in 11/64 patients (17%) and mild in 24/64 patients

(38%) (Figure 1). The majority of the TAP subtests and

additionally the CERAD-PLUS subtests of Semantic Flu-

ency, Wordlist Learning, Wordlist Learning Recall, and

Wordlist Learning Recognition showed significant cogni-

tive impairment in patients with Neuro-Sj€ogren (Table 3).

As there were some missing values due to apparent loop

holes in standardization values, technical issues, or due to

patients unable to complete the given task, tests were

always interpreted in relation to the number of completed

tests (detailed in Table 3). The TAP subtest of sustained

attention provided the most missing values as the soft-

ware often did not provide standardized values. Addition-

ally, the TAP subtest of sustained attention was most

difficult for patients to perform, resulting in 46/64 com-

plete subtest results (72%), while the remaining TAP sub-

tests were completed by 60–64/64 patients (94–100%).

Disease activity was investigated via the EULAR

Sj€ogren’s syndrome disease activity index (ESSDAI) and

showed a significant correlation with the presentation of

cognitive impairment (P = 0.0149). However, disease

duration did not correlate with the presentation of cogni-

tive impairment (P = 0.3492). The analysis is illustrated

in Figure 2.

Potential confounding factors

Potential confounding factors were analyzed. As shown in

Table 4, neuropathic pain, pain-related medication, and

Table 2. Baseline parameters of included patients.

n (total) 64

Female gender 40 (63%)

Objective xerophthalmia, n (%) 55 (86%)

Objective xerostomia, n (%) 30 (47%)

Anti-SSA(Ro) antibodies positive, n (%) 28 (44%)

Anti-SSB(La) antibodies positive, n (%) 6 (9%)

Minor salivary gland biopsy positive, n (%) 48 (75%)

Diagnostic score, mean 4.9

All Female Male

Age [in years] at

time of testing,

median (range)

59 (32–84) 54 (33–84) 70 (50–83)

Years of education,

median (range)

13 (8–18) 13 (8–18) 12 (8–17)

mild cogni�ve 
impairment; 38%

severe 
impairment; 17%

normal cogni�ve 
func�on; 45%

Figure 1. Severity of cognitive impairment in patients with Neuro-

Sj€ogren.
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hospitalization did not significantly confound the pres-

ence of cognitive impairment.

Discussion

Cognitive impairment in patients with
Neuro-Sj€ogren

Our data show cognitive impairment (norm sample cor-

rected) for 55% of patients with Neuro-Sj€ogren indepen-

dent of subjective complaints. The severity ranged from

severe in 17% to mild in 38% of patients.

This is a high rate of cognitive dysfunction, but is also

generally in accordance with rates previously reported for

patients with Sj€ogren’s syndrome without neurological

focus (ranging from 22 to 80%).24,25 For patients with

certain additional conditions – for example, small fiber

neuropathy with chronic pain syndrome – even higher

rates have been proposed.26 However, most of the previ-

ous studies investigated small cohorts with sizes between

10 and 39.9,11–13,24,25,27–29 Our cohort included 64

patients, which is a comparatively large number for a rare

disease. More importantly, the threshold definition of

cognitive impairment was often lower in comparison to

our applied definition, which results in a more robust

testing on our part, antagonizing overestimation.10

Finally, in-between-study-comparability is diminished, as

the applied methodology shows a wide variety. Especially,

extensive attentional performance testing has not yet been

performed as extensively as in our study, with different

subtests for alertness, divided attention, working memory,

and sustained attention.

Interestingly, attentional impairment was evident on

almost all TAP subtests, although attentional functions

have not yet been described as predominantly reduced.

This effect is probably a result of the applied extensive

testing in our study and shows that potential attentional

performance deficits in patients with Sj€ogren’s syndrome

have hitherto been underestimated. Previously described

deficits included mainly memory functions30,31 or visu-

ospatial/executive functions,29 which were also signifi-

cantly impaired in our cohort (Semantic and Phonemic

Fluency and Wordlist Learning Subtests).

Gender distribution

There was a comparatively high number of male partici-

pants (37.5%) in our cohort, although Sj€ogren’s syn-

drome patients are established to show a female

preponderance. This, however, aligns with our previously

published cohort of patients with Sj€ogren’s syndrome and

severe neuropathy with a 1:1 female/male ratio. The high

fraction of male patients further supports the hypothesis

that Neuro-Sj€ogren patients present with distinct features

in comparison to predominantly rheumatological cohorts

of patients with Sj€ogren’s syndrome.3

Table 3. Subtest results. Green highlighting indicates significantly reduced performance compared to the norm sample.

Size of standardization sample Number of valid results Median SD P-value

CERAD-PLUS subtests

Semantic fluency 1100# 63 (98%) �0.48 1.13 0.0011

Boston naming test 1100# 63 (98%) 0.39 0.98 0.1132

Wordlist learning 1100# 63 (98%) �0.64 1.33 0.0001

Wordlist learning recall 1100# 63 (98%) �0.51 1.00 0.0011

Wordlist learning intrusions 1100# 63 (98%) 0.33 1.06 0.4702

Wordlist learning recognition 1100# 63 (98%) �0.50 0.96 0.0001

Figures drawing 1100# 63 (98%) 0.52 1.05 0.3492

Figures recall 1100# 63 (98%) �0.27 1.26 0.6092

Phonemic fluency 604# 63 (98%) �0.22 1.02 0.0021

Trail making test A 604# 63 (98%) 0.04 1.39 0.5691

Trail making test B 604# 59 (92%) �0.14 1.49 0.7351

TAP subtests

Alertness without warning sound (reaction time) 604## 64 (100%) �0.99 1.01 0.0002

Alertness with warning sound (reaction time) 604## 64 (100%) �0.92 0.95 0.0002

Divided attention false positive (errors, N) 808## 63 (98%) �0.71 1.01 0.0001

Working memory false positive (errors, N) 322## 60 (94%) �0.31 0.96 0.0012

Sustained attention total false positive (errors, N) 188## 46 (72%) 0.41 1.21 0.0462

References: #https://www.memoryclinic.ch/de/main-navigation/neuropsychologen/cerad-plus/auswertungprogramme/cerad-plus-online/. ##https://

www.psytest.net/index.php?page=normierung&hl=de_DE
1Analysis via two-sided t-test.
2Analysis via Wilcoxon test.
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Cognitive impairment – confounding factor
or direct disease effect?

It remains notional, whether the reported high rate of

cognitive impairment in patients with Neuro-Sj€ogren (i.e.,

Sj€ogren’s syndrome combined with neurological

extraglandular manifestations) is a result of confounding

factors, such as disease-associated chronic pain syndrome,

latent metabolic or hormonal pathways, or if cognitive

impairment itself is an expression of CNS involvement in

Sj€ogren’s syndrome. Nevertheless, this fact is a common

problem in clinical studies, as there is often no way of

sufficiently differentiating the effect of those disease-re-

lated confounders from a direct disease-mediated effect

on cognitive function. Furthermore, a standardized brain

imaging was not performed in our cohort. A systematic

neuroimaging approach in an outpatient setting would be

beneficial for future studies.

Nevertheless, the noticeable high rate of 55% of affected

patients with Neuro-Sj€ogren, who suffer from cognitive

impairment as well, can be derived from our data.

Conclusion

Our results indicate an underestimation of attentional

deficits in patients with Neuro-Sj€ogren until now.
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