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Cognitive Dysfunction in Patients with Systemic Lupus
Erythematosus: A Controlled Study
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and MICHAEL E. LUGGEN

ABSTRACT. Objective. To determine the extent to which cognitive dysfunction (CD) observed in patients with sys-

temic lupus erythematosus (SLE) exceeds that seen in a matched control group of patients with

rheumatoid arthritis (RA), and to estimate the prevalence of CD in SLE in a community-based sample.

Methods.A random subsample of 31 patients with SLE was compared to patients with RA matched

by age, sex, and race and derived from the same patient population. Cognitive function was assessed

by the Automated Neuropsychological Assessment Metrics (ANAM). The primary outcome was the

total throughput score (number of correct responses divided by the time taken for those responses

averaged over all subtests), adjusted for premorbid intelligence, neuromuscular efficiency, disease

activity, damage, depression, fatigue, and health-related quality of life.

Results. There were no statistically significant differences in mean throughput scores between

patients in the SLE and RA groups in any subtest of the ANAM or in the total throughput score. The

frequency of CD, defined as either total scores > 1.5 SD below the mean of the RA population, or 4

or more ANAM subtests each > 1.5 SD below the RA mean, was similar in patients with SLE and

in RA controls.

Conclusion.We found no differences in cognitive function between patients with SLE and RA, sug-

gesting that the CD found in some patients with SLE may represent the consequences of a chronic

and/or inflammatory disease rather than SLE-related central nervous system damage. (First Release

April 1 2011; J Rheumatol 2011;38:1020–5; doi:10.3899/jrheum.100560)
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Cognitive dysfunction (CD) is one of the most common
manifestations of neuropsychiatric systemic lupus erythe-
matosus (NPSLE). It has been reported to occur in 12% to
87% of patients with SLE1,2,3. These divergent prevalence
estimates likely reflect the difficulties involved in studying
this manifestation of SLE as well as the differences in pop-
ulations studied, methods of assessment, and definitions of
CD.

With rare exceptions, previous studies have evaluated
patients from tertiary referral centers2,3,4,5,6. Patients seen in

academic medical centers may not be representative of the
larger population of patients with SLE7. As recommended
by the Ad Hoc Committee of the American College of
Rheumatology (ACR), most studies of CD in patients with
SLE have used traditional neuropsychologic tests8.
However, it remains unclear which tests should be used and
how CD should be defined based on the scores of the indi-
vidual standardized tests used for cognitive assessment. This
has given rise to variable implementation of tests and inter-
pretation of their results. Recently, a computerized battery
of tests designed to measure cognitive function, the
Automated Neuro psychological Assessment Metrics
(ANAM), has been used to assess patients with SLE, with
encouraging results5,6,9,10,11,12.

CD has been defined in most studies relative to normal
controls. But many chronic diseases may cause pain, depres-
sion, fatigue, and anxiety. Any of these may affect cognitive
performance13,14,15. Other, unmeasured effects of chronic
inflammatory diseases may also affect cognitive function.
Only a few studies have recognized the potential confound-
ing effects of chronic disease1,12,15,16,17. Using rheumatoid
arthritis (RA) and multiple sclerosis controls, recent work
by Hanly, et al suggests that there may be no significant dif-
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ferences in cognitive function between patients with SLE
and those with RA, as measured either by mean cognitive
function scores or by frequency of CD12. With rare excep-
tions, previous studies have not taken premorbid intelli-
gence into consideration4. Failure to adjust for premorbid
intelligence could result in misclassification with both
false-positive (patients with low premorbid intelligence who
score low) and false-negative determinations (patients with
high premorbid intelligence who now fall within the “nor-
mal” range).

We performed a case-control study of a community-based
cohort of patients with SLE using a similarly derived RA
control population matched by age, sex, and race to assess
cognitive function, with adjustment for disease severity and
premorbid intelligence. Our intention was to determine the
extent to which the CD observed in patients with SLE was
more frequent or more severe than that found in RA.

MATERIALS AND METHODS

Patients. A random subsample of patients with SLE referred by communi-

ty-based primary care physicians was examined. Community-based

patients were those who had been referred by primary care physicians not

affiliated with an academic medical center or a hospital-based clinic to a

group of 4 rheumatologists. These patients may or may not have been hos-

pitalized previously for SLE. All patients from this referral source meeting

the updated ACR classification criteria were identified and enumerated18.

A random number table was used to identify a total of 90 patients. It was

assumed that the participation rate would be about 50% and that 45 patients

were needed to have reasonable power. Of the 90 patients, 44 (48.9%)

agreed to participate. Of these, we were able to match, schedule, and eval-

uate 31 subjects with SLE. Patients were excluded if they had had a histo-

ry of head injury that led to unconsciousness, were < 18 years of age, or had

unstable disease necessitating an increase in prednisone dose or the addi-

tion of another immunosuppressive medication. Controls consisted of

patients being followed in the same practice who met the 1987 ACR clas-

sification criteria for RA19. Patients with SLE and controls were matched

for age (± 5 years), sex, and race.

The research was approved by the University of Cincinnati Institutional

Review Board, and all patients signed an informed consent after careful

discussion of the risks and benefits of participation.

Study design. Participants were evaluated cross-sectionally, typically at a

time that coincided with their routine office visit. Evaluations lasted about

2 hours. Baseline demographic information was obtained as well as infor-

mation on income, education, occupation, smoking history, medical histo-

ry, and concomitant medication use.

Disease characteristics. SLE disease activity was assessed using the

SLEDAI-2K (Systemic Lupus Erythematosus Disease Activity Index)20.

Damage was assessed using the SLICC (Systemic Lupus International

Collaborating Clinics/American College of Rheumatology Damage Index;

SDI)21. RA disease activity was evaluated using the 28-joint count Disease

Activity Score (DAS28)22, and functional status in patients with RA was

assessed by the Health Assessment Questionnaire (HAQ)23. Fatigue and

depression were assessed in both groups using the Functional Assessment of

Chronic Illness Therapy Fatigue Scale (FACIT)24 and the Beck Depression

Inventory II25, respectively. Further, patients completed visual analog scales

of pain, subjective disease activity, and global assessment of health status.

The Medical Outcomes Survey Short-Form 36 (SF-36, v2) was also com-

pleted by each subject as a measure of health-related quality of life26.

Premorbid intelligence was estimated by the Peabody Picture

Vocabulary Test Revised (PPVT-R), a reasonably reliable indicator of pre-

morbid intelligence in patients with mild to moderate CD27,28. It measures

receptive vocabulary, which may be less affected by mild CD than reading

vocabulary, upon which other, similar tests are based29.

Assessment of cognitive function — ANAM. Cognitive function was evalu-

ated using the ANAM. The ANAM is a self-administered, computer-based

battery of neurocognitive tests that was developed to test some of the same

cognitive domains as probed by formal neuropsychological testing but

more efficiently, and without the need for trained personnel for administra-

tion30,31. The ANAM4 consists of 8 subtests and simple reaction time

(SRT), which measures neuromuscular response efficiency. Other subtests

measure learning and recall, both short-term and longer term, working

memory, sustained attention, logical reasoning, and visual-spatial process-

ing. The ANAM has been validated as a reliable measure of cognitive func-

tion in patients with traumatic brain injury, multiple sclerosis, and early

Alzheimer’s disease32,33,34,35. Several studies have used the ANAM to

evaluate cognitive function in patients with SLE, both adults and children;

the ANAM was found to be an accurate measure of cognitive function 

that correlated well with formal neuropsychological testing5,6,9.

Roebuck-Spencer, et al found that the ANAM has a sensitivity of 76.2%, a

specificity of 82.8%, and an accuracy of 80% for diagnosing CD in SLE5.

Similarly, using a modified version of the ANAM for the pediatric age

group, Brunner, et al demonstrated that individual ANAM measurements

had an area under the receiver operating curves (AUC) of 0.75 to 0.83, and

when combinations of measurements were used, the AUC increased further

to 0.96, for correctly identifying patients with SLE who had CD6.

Primary outcome measures. The primary outcome measure chosen for our
study was the mean total throughput score (TTS). This measurement has
been used in other studies using the ANAM in adult patients with SLE.
Throughput is defined as the number of correct responses divided by the
time required for the correct responses for each of the subtests. The TTS is
the total of the throughput scores for each of the 8 subtests of the ANAM.
Because of the possible influence of neuromuscular dysfunction or pain on
time to respond, all scores were adjusted for SRT. Responses on the ANAM
require repetitive manipulation of the computer mouse. Musculoskeletal or
neurologic problems could decrease throughput scores as a direct result of
decreased physical function, independent of cognitive function. The SRT is
the time to react to the appearance of a blinking symbol on the computer
screen. It is a preliminary routine of the ANAM that appears to measure neu-
romuscular reaction time exclusively. Adjusted inverse efficiency (AIE) has
been suggested as an alternative means to control for this phenomenon12,36.
AIE equals the average time required to obtain the correct responses minus
the average time of SRT, divided by the percentage of correct responses. AIE
were also computed for each patient and for each subtest. 

Definition of CD. For our study, CD was defined in 2 ways: CD1 represents
TTS lower than 1.5 SD below the mean of the matched RA population; and
CD2, by analogy with traditional neuropsychological testing, scores lower
than 1.5 SD below the mean of the patients with RA in ≥ 4 of the 8 ANAM
subtests. The throughput scores were about normally distributed.
Accordingly, 93% of patients with RA would be expected to have scores
greater than or equal to this value.

Statistics. Descriptive statistics and their distributions were computed.
Bivariate analyses were undertaken using Wilcoxon rank sum test or T
tests, depending on the distribution of the variable under consideration.
Fisher’s exact test was used for comparing the frequencies of categorical
variables between groups. Multiple linear regression was used to identify
independent predictors of TTS and to test for group differences in the TTS
while adjusting for potential confounders. Logistic regression was used to
identify predictors and to assess the influence of the diagnosis of SLE on
the development of CD in this context.

RESULTS 

Patients. Ninety patients with SLE were randomly selected
from a community-based population and 44 agreed to par-
ticipate in the study. We were able to match 31 patients with
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SLE to 31 RA controls. The only significant difference
between the groups in demographic characteristics was in
income distribution; compared to patients with SLE, those
with RA were more likely to have family incomes >
US$100,000 (Table 1). Estimates of premorbid intelligence
(mean ± SD) were similar in both groups (PPVT-R: SLE vs
RA = 103.0 ± 11.2 vs 101.6 ± 10.9, respectively). 

Patients with SLE had mild to moderate disease activity
(mean ± SD SLEDAI-2K = 5.6 ± 4.7), had moderate amount
of damage (mean ± SD SDI = 1.9 ± 1.9), and were clinical-
ly stable at the time of assessment. This was also true for
most patients with RA, who had a mean DAS28 score of
2.87 and a mean HAQ score of 0.86. However, patients with
SLE differed significantly from those with RA in their over-
all global assessment, prednisone use, depression, and
SF-36-MCS (mental component summary; Table 2).

Differences in cognitive performance between RA and SLE.

Table 3 presents the throughput scores for each of the sub-
tests together with the TTS. In bivariate analyses, individual
throughput scores and TTS of patients with SLE did not dif-
fer significantly from those of patients with RA.

When adjusted for SRT and other potential confounders
that were found to be different between study groups (fami-
ly income, patient global assessment, depression, pred-
nisone use, and SF-36-MCS), the TTS scores in SLE and
RA were again found to be comparable (SLE 291.65 ± 12.1,
RA 289.64 ± 11.9; p = 0.89). The diagnosis of SLE did not

affect TTS (standardized coefficient = 0.06, t = 0.40, p =
0.69) in the model. When total adjusted inverse efficiency
(AIE) scores were analyzed, there were again no significant
differences in any of these individual scores, nor in the
aggregate score, between patients with SLE and RA, as
shown in Table 4. The presence of SLE did not influence
AIE scores (standardized coefficient for presence vs
absence of SLE = –0.02, t = –0.14, p = 0.89) and the mean
total AIE scores adjusted for the other covariates were sim-
ilar (SLE: 153.15 ± 8.7 vs RA: 148.80 ± 8.8; p = 0.73).

Frequency of CD. Using the first definition of CD (CD1),

Table 1. Demographics of study population. Except where stated otherwise,

the numbers are percentages.

Characteristic SLE, n = 31 RA, n = 31 p

Age, yrs, mean ± SD 46.1 ± 11.6 47.0 ± 11.3 NS

Women 100 100 NS

Ethnicity NS

White 71.0 73.3

African American 22.6 23.3

Hispanic 3.2 3.2

Education NS

Master’s degree 16.1 9.7

Bachelor’s degree 29 41.9

Some college 25.8 25.8

High school 29 22.6

Marital status NS

Married 64.5 60.0

Divorced 22.6 16.7

Widowed 0 6.7

Single 12.9 16.7

Family income, US $ 0.020

> 100K 6.5 36.7

50K–100K 51.6 30

20K–49K 35.5 23.3

< 20K 6.5 6.5

PPVTS, mean ± SD 102.5 ± 11.5 101.4 ± 11.0 NS

SLE: systemic lupus erythematosus; RA: rheumatoid arthritis; PPVTS:

Peabody Picture Vocabulary Tests Standardized Revised — estimate of pre-

morbid intelligence; NS: not significant.

Table 2. Disease and treatment characteristics. Except where indicated
other wise, all values are mean ± SD.

Characteristic SLE RA p

Disease duration, yrs 11.5 ± 6.5 9.6 ± 8.0 0.06
SLEDAI-2K 5.5 ± 4.6 NAp* —
SLICC 1.9 ± 1.9 NAp* —
HAQ NAp** 0.89 ± 0.9 —
DAS28 NAp** 2.89 ± 1.59 —
PGA 41.5 ± 18.6 53.1 ± 22.8 0.022
Pain, 0–100 mm 35.3 ± 20.8 28.2 ± 26.0 NS
BDI 18.0 ± 10.4*** 9.1 ± 5.4 0.0002
FACIT 26.9 ± 11.9 20.3 ± 9.9 0.056
SF-36-MCS 42.3 ± 12.7 48.8 ± 8.6 0.027
SF-36-PCS 35.2 ± 9.7 41.2 ± 12.2 0.061
Prednisone use, % 45.2 13.3 0.015
Antidepressant use, % 16.1 9.7 0.11
Hydroxychloroquine use, % 41.9 30.0 NS
Opioid use, % 17.9 20.0 NS
ASA use, % 6.7 10.7 NS

*SLE-specific measure. **RA-specific measure. *** 13/31 (42%) patients
with SLE were moderately to severely depressed vs 2/32 (6%) RA patients
(p < 0.001). SLE: systemic lupus erythematosus; RA: rheumatoid arthritis;
SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index;
SLICC: Systemic Lupus International Collaborating Clinics; HAQ: Health
Assessment Questionnaire; DAS28: 28-joint count Disease Activity Score;
PGA: physician’s global assessment; BDI: Beck Depression Inventory;
FACIT: Functional Assessment of Chronic Illness Therapy Fatigue scale;
SF-36-MCS: Medical Outcomes Study Short-Form-36 mental component
summary; SF-36-PCS: SF-36 physical component summary; ASA: acetyl-
salicylic acid; NS: not significant.

Table 3. Automated Neuropsychological Assessment Metrics (ANAM)
mean throughput scores. All results reported as mean ± SD.

ANAM Subtest SLE RA p

Code substitution learning 36.4 ± 9.6 37.1 ± 8.8 NS
Code substitution delay 31.5 ± 14.4 26.3 ± 11.2 NS
Logical relations 20.1 ± 9.2 20.1 ± 6.4 NS
Matching grids 25.1 ± 7.2 24.6 ± 7.3 NS
Matching to sample 22.5 ± 7.6 25.2 ± 9.1 NS
Mathematical processing 18.1 ± 7.1 20.5 ± 5.2 NS
Sternberg memory search 68.4 ± 24.3 69.4 ± 15.7 NS
Continuous performance task 62.8 ± 34.9 66.1 ± 28.8 NS
Simple reaction time 186.6 ± 50.1 183.5 ± 40.0 NS
Total throughput 285.0 ± 93.1 289.3 ± 65.0 NS

SLE: systemic lupus erythematosus; RA: rheumatoid arthritis; NS: not
significant.
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which considers all subjects with a TTS < –1.5 SD below
the mean of the RA control group as abnormal, 19.4% (95%
CI 5%, 33%) of patients with SLE were classified as having
CD, while 3.2% (95% CI 0.0%, 9.4%) of patients with RA
were so classified (SLE vs RA, p = 0.10). However, the
presence of CD1 was significantly affected by SRT scores
and family income, which were not balanced between the
groups. After adjustment for these covariates, 9.7% (95% CI
0%, 20%) of patients with SLE had CD1 while 6.5% (95%
CI 0%, 15.1%) of those with RA had CD so defined (p =
0.61). Using total AIE scores in an analogous manner, CD1
was also found in 9.7% of patients with SLE and in 6.5% of
patients with RA (Figure 1).

Using the second definition (CD2: ≥ 4/8 subtests of the

ANAM, each with scores < –1.5 SD below the RA mean),
3.2% of patients with SLE were considered to have CD2 and
3.2% of patients with RA also had CD2 (Figure 1). When
AIE scores were used to determine CD by this second defi-
nition, identical results were obtained: 3.2% of both groups
had CD2. Logistic regression models using either definition
of CD2 yielded similar results. The diagnosis of SLE did not
significantly increase the OR in either model (CD2-TTS OR
0.66, 95% CI 0.34, 12.8, p = 0.78; CD2-AIE OR 0.77, 95%
CI 0.4%, 13.9%, p = 0.86).

DISCUSSION

In a community-based sample of patients with SLE, cogni-
tive function as measured by the ANAM was not signifi-
cantly different from that of a matched control group of
patients with RA. These results confirm a report by Hanly,
et al12, who also used the ANAM and found no differences
in the level of cognition between patients with SLE and
those with RA as measured by both throughput and AIE
scores. They also reported that the frequency of CD, defined
in the same way as our CD2 definition, was not significant-
ly different between patients with SLE and those with RA
(11% vs 9%, respectively). The type of their study popula-
tion is not completely clear but appears to have been popu-
lation-based. Like our study, adjustments were made for
age, fatigue, education, and neuromuscular efficiency. They
also measured fatigue during testing directly, which we have
not done. However, unlike our study, they did not adjust for
premorbid intelligence, although education is a reasonable

Table 4. Adjusted inverse efficiency (AIE) scores. All results reported as
mean ± SD.

ANAM Subtest SLE RA p

Code substitution learning 13.6 ± 4.1 13.7 ± 3.9 NS
Code substitution delay 17.1 ± 8.2 19.5 ± 8.8 NS
Logical relations 31.4 ± 16.5 28.9 ± 9.9 NS
Matching grids 21.1 ± 6.3 22.1 ± 6.7 NS
Matching to sample 25.1 ± 9.6 23.3 ± 11.4 NS
Mathematical processing 34.6 ± 17.4 28.2 ± 10.9 NS
Sternberg memory search 7.1 ± 8.9 5.6 ± 2.7 NS
Continuous performance task 6.7 ± 12.8 5.9 ± 8.2 NS
Total AIE 156.7 ± 55.8 147.2 ± 40.6 NS

ANAM: Automated Neuropsychological Assessment Metrics; SLE: sys-
temic lupus erythematosus; RA: rheumatoid arthritis; NS: not significant.

Figure 1. Frequency of cognitive dysfunction (CD) in systemic lupus erythematosus (SLE) com-

pared to rheumatoid arthritis (RA) by various definitions. CD1: cognitive dysfunction (CD) by

 definition 1 (total throughput score < 1.5 SD of RA mean); CD1AIE: CD by adjusted inverse effi-

ciency (AIE) and definition 1; CD2: CD by definition 2 (≥ 4/8 subtests below 1.5 SD of RA mean);

CD2AIE: CD by AIE and definition 2.
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surrogate. And, unlike our study, no adjustments were made
for disease severity across diagnostic groups. Nonetheless,
the use of similar techniques in similar populations has
resulted in consistent results.

It is difficult to reconcile our study with those of others

who have used very different methods. Even among those

studies using the ANAM, differences in results have been

reported. In part this may be because some investigators have

studied referral populations, some have not used chronic dis-

ease controls, and others have not controlled for differences

in important covariates such as depression, pain, fatigue, or

disease severity. And even if all other things were equal, the

operational definitions of CD that were chosen have differed

considerably, making direct comparisons  difficult.
Using a community-based population, we have found the

frequency of CD in SLE to be lower than previously report-
ed and comparable to that found in another chronic, painful,
inflammatory rheumatic disease. Patients with RA, how -
ever, may not have normal cognition, as suggested by
Appenzeller, et al37 and Hanly, et al38. It is unclear whether
the impairment in RA is related to inflammatory processes
or premature cerebrovascular disease, or whether it repre-
sents the nonspecific effects of a chronic, painful, and poten-
tially debilitating disorder. Although our RA sample was
small, we did not find a correlation between cognitive func-
tion and any measure of disease activity or severity, sug-
gesting that it may be a nonspecific effect. Nonetheless,
until an appropriately controlled study of sufficient size is
performed, it will not be possible to distinguish between
these possibilities. Regardless of the mechanism, the fact
that patients with SLE did not appear to have more frequent
(or more severe) CD supports the notion that supportive care
and treatment of depression, fatigue, pain, sleep distur-
bances, and so forth might be the more appropriate initial
therapeutic approach. At the same time, there are clearly
patients with SLE who have CD that compromises their
ability to function and impairs their quality of life. The use
of chronic disease controls to define CD may permit the
more reliable identification of patients who require a differ-
ent diagnostic and therapeutic approach.

One of the strengths of our study is our community-based
study population, which may be more representative of the
general population of patients with SLE. Another is the
comprehensive attempt to take into account most of the
important covariates that could influence cognitive function,
including premorbid intelligence. Finally, we matched our
patients with patients with RA for age, sex, race, and treat-
ing physician (when possible). Since age is one of the most
important predictors of cognitive function, at least as meas-
ured by the ANAM, it is important that it be precisely
accounted for in the analysis. With the smaller study sam-
ples examined in most studies to date, including our own,
matching for age as we have done may be a more efficient
way of controlling for its effect than adjustment.

Our study has several limitations, the most important of
which is the small sample size. This can clearly give rise to
a type II error, with failure to detect a difference when one
truly exists. However, power calculations suggest that we
had an 80% chance of detecting a 20% difference in TTS.
We do not mean to suggest that there are no differences in
cognitive function between patients with SLE and those
with RA, only that the frequency of significant CD in
patients with SLE is considerably lower than previously
reported. The failure to detect a difference in a study of this
power is consistent with that assertion.

Another potential limitation concerns the likelihood that

only stable patients who were feeling well chose to partici-

pate. We did require disease stability as one of our eligibility

criteria, but it turned out that we did not need to exclude any

patients on this basis. Nonetheless, it still seems likely that

those patients who were not feeling well may not have elect-

ed to participate. We did contact most patients on 2 or 3 occa-

sions over a period of time and offered them the opportunity

to join the research. This approach should have recruited

most patients who were interested in participating but were

unable to do so because of a transient flare of their disease.

But patients with more persistent activity or more severe dis-

ease may still not have participated. We do not know the

exact numbers of such patients as we do not have reliable

information on activity and severity of the nonparticipants.

We would suspect that the numbers were small given the

type of study population. Our random selection method

should tend to minimize this bias or at least permit us to more

precisely determine the denominator of all who were asked

to participate. Our participation rate of 48.9% was compara-

ble to that reported by Wendler, et al in their review of 10

large intervention trials (41.8% in non-Hispanic whites)39

and by Sykes, et al, who found a participation rate of

22%–69% in whites in survey research40. Participation rate

is generally not available in observational studies of SLE,

which are often based on convenience samples. And this bias

is more likely to be a threat to validity in those study samples

derived from populations with more severe disease, where

participation rates are likely to be even lower.
Because of the rigor of our methods and the similarity of

our results to those recently reported, our conclusions are
valid and have important implications for the evaluation and
treatment of patients with SLE suspected of having CD.
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