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Background: We investigated whether the prevalence of primary headaches was

higher in patients with primary Sjøgren’s syndrome (PSS) than in healthy individu-

als.

Methods: This retrospective cohort study included 71 patients with PSS (patients)

based on the American European Consensus Classification criteria, and 71 age- and

gender-matched healthy subjects (controls). Headaches were classified according to

the International Classification of Headache Disorders. We measured depression

with the Beck Depression Inventory, and fatigue with the Fatigue Severity Scale.

Results: Fifty-one patients and 42 controls had headaches in the previous 12

months (71.8% vs. 59.2%, P = 0.10). Thirty-eight patients and 28 controls had tension

type headaches (TTHs) (53.5% vs. 39.4%, P = 0.12). Eight patients (11.3%) and

one control had chronic TTHs (P = 0.05). Migraines and migraines with aura were

equally prevalent in patients (26.8% and 11.3%, respectively) and controls (28.2%

and 15.5%, respectively; P = 0.61).

Conclusions: In general, patients did not have more migraines or headaches than con-

trols. However, patients had more chronic TTHs than controls. Chronic TTHs were

not associated with PSS-related autoantibodies, fatigue, depression, abnormalities on

magnetic resonance imaging or abnormalities in the cerebrospinal fluid. Patients with

PSS did, however, have higher depression and fatigue scores than controls.

Introduction

Primary Sjøgren’s syndrome (PSS) is an autoimmune,

chronic, inflammatory disease characterized by inflam-

mation of the exocrine glands, followed by dryness of

the mouth and eyes, migrating muscle and joint pain,

and chronic fatigue. In addition, PSS frequently

involves the peripheral and central nervous system

(CNS), causing peripheral neuropathy, cranial neurop-

athy, myelopathy, focal brain lesions and cognitive

dysfunction [1–3].

Primary Sjøgren’s syndrome exhibits several of the

clinical and immunological features observed in sys-

temic lupus erythematosus (SLE), which is often con-

sidered a more systemic disease than PSS. The

neurological aspects of SLE are fairly well studied

and characterized; in contrast, less is known about

these issues in PSS. Thus, reports are highly variable

concerning the prevalence and characteristics of neu-

rological manifestations in PSS. This may be due to

shifting criteria over time for PSS, a lack of strict defi-

nitions for CNS involvement, or selection biases (like

tertiary care studies). For example, studies performed

solely in neurological departments risk overestimation

of CNS involvement.

In SLE, the criteria and case definitions proposed

by the American College of Rheumatology have

become widely accepted; these criteria cover 19 neuro-

psychiatric syndromes regarded as part of the disease

spectrum [4]. Applying these criteria has facilitated

comparative studies of neuropsychiatric SLE in differ-

ent geographic regions of the world, and in different

settings. Although it remains a matter of debate, lupus

headache is one of these criteria, and it is included in

the SLE disease activity index [5].

Few studies have described the epidemiology and

headache characteristics of PSS. We therefore wished

to investigate these issues in a controlled study with

age- and gender-matched subjects. PSS was diagnosed
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based on the widely accepted American European

Consensus Classification (AECC) criteria [6], and

headache categories were assigned according to the

most recently available criteria from the International

Classification of Headache Disorders (ICHD-II) [7].

We also performed cerebral magnetic resonance imag-

ing (MRI) studies to evaluate structural abnormalities

and white matter hyperintensities (WMHs). Cerebro-

spinal fluid (CSF) was analysed for intrathecal immu-

noglobulin (IgG) and interleukin-6 (IL-6) production.

We then investigated associations between headaches

and intrathecal immune activation.

Patients and methods

Patients

All patients with systemic autoimmune diseases in the

southern part of Rogaland County (310 000 inhabit-

ants) were allocated to Stavanger University Hospital.

We reviewed the medical records of all in- and outpa-

tients diagnosed with PSS between 1980 and 2005 at

the Stavanger University Hospital. When in doubt

about the diagnosis, we re-examined patients to assure

they fulfilled the diagnostic criteria. Also, we identified

all minor salivary gland biopsies analysed in the hos-

pital’s pathology department from 1990 to 2004 (n =

410). In cases of lip biopsies with a focus score � 1,

patients were screened for PSS. Seventy-two (73%)

out of the 99 patients that fulfilled the AECC criteria

provided informed consent to participate in the study.

One patient was excluded due to a brain tumour

revealed by MRI. Thus, 71 patients – 61 women

(86%) and 10 men (14%) – were included and sub-

jected to a 2-day stay in the hospital exclusively for

the purpose of this investigation. The study was

approved by the Regional Research Ethics Committee

and complied with the Helsinki Declaration.

The mean age of the patients was 57.5 � 12.9 years

(median 58.1 years; range 27.1–86.6 years). Mean body

mass index (BMI) was 25.0 � 3.9 kg/m2 (median 24.2

kg/m2; range 19.4–37.6 kg/m2). The mean disease

duration was 6.9 � 4.9 years (median 6.1 years; range

0.4–24.1 years). At the time of the investigation, 35

patients (49.3%) were taking medication for PSS; two

patients (2.8%) took corticosteroids only, 18 took an-

timalarials (25.4%), one received intravenous cyclo-

phosphamide infusions and 13 patients (18.3%) took

combinations of drugs for PSS. Thirteen patients

(18.3%) used thyroxin, four (5.6%) used vitamin B12

and two (2.8%) used b-blockers. Fifty-six (79%)

patients had anti-SSA antibodies, 33 (46%) also had

anti-SSB antibodies. No patients exhibited only anti-

SSB antibodies. Fifty-seven patients had a positive

salivary gland biopsy (focus score � 1) and 13 patients

had a negative biopsy (focus score < 1). In one

patient, the gland biopsy was inconclusive due to

insufficient biopsy volume.

Healthy subjects

Seventy-one age- and gender-matched healthy individ-

uals without known neurological, immunological or

malignant diseases served as control subjects. These

were recruited among members, friends and neigh-

bours of the hospital staff, and friends and neighbours

of the patients. The ages were matched to patient ages

within � 2 years. The mean age was 56.5 � 13.2 years

(median 57.0 years; range 26.0–87.0 years). The mean

BMI was 25.0 � 3.1 kg/m2 (median 24.8 kg/m2; 19.5–

33.9 kg/m2). Healthy subjects were also subjected to a

2-day investigation in the hospital after providing

informed consent to participate in the study.

Clinical evaluation

All patients and healthy subjects were examined by an

experienced internist (EH) and neurologist (ABT).

The neurologist classified headaches according to the

ICHD-II criteria [7] by performing a structured inter-

view. First, the subject was asked a neutral question

about whether they had experienced a headache

within the previous year. This was followed by a

detailed neurological and headache history covering

each of the relevant criteria for reported headaches

and other relevant neurological symptoms. The ICHD

diagnostic criteria for primary headaches were based

on symptoms. According to the criteria, headaches

were classified by their phenomenology. Secondary

headaches were excluded when they were considered

to be due to any disease other than PSS. Headache

status was defined as one or more headache attacks

during the last 12 months.

A Beck Depression Inventory (BDI) with a cut-off

score � 13 was used to assess depression [8]. The Fati-

gue Severity Scale (FSS) [9] and a fatigue visual ana-

logue scale (VAS) were used to evaluate fatigue.

Laboratory tests

Routine haematological, biochemical and immuno-

logical tests were performed as previously described

[10]. CSF samples were obtained by lumbar puncture

in 54 patients between 13.00 hours and 14.00 hours.

All samples were immediately placed on ice and cen-

trifuged at 4 °C at 3000 g for 10 min; the supernatant

was then immediately aliquoted and frozen at �70 °C

until analysis.
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Cerebral MRI

Magnetic resonance imaging was performed with a

1.5-T Philips Gyroscan NT Intra Release 10 (Philips

Medical Systems, Best, the Netherlands), as previ-

ously described [11]. The interval between clinical

and MRI examinations was 14 � 8 days (median

12.0 days; range 0.0–44.0 days) for patients with PSS,

and 24 � 28 days (median 20.0 days; range 59.0–81.0

days) for healthy subjects. Two experienced radiolo-

gists (MB and OJG) rated each scan independently

in a blinded manner; they reached a consensus by

discussion whenever disagreements occurred. WMHs

were evaluated according to the semi-quantitative

scale of Scheltens et al. [12]. This method took into

account the spatial localization, size and number of

lesions.

Statistical methods

Continuous data are reported as the mean � SD when

normally distributed; otherwise, they are reported as

the median and range. Categorical data are reported

as percentages. McNemars test was used to compare

matched pair-wise categorical data. For independent

categorical data a Chi-square test was used to com-

pare categorical data when expected frequencies were

more than 5; otherwise, the Fisher’s Exact Test was

used. Logistic regression was used to test for risk fac-

tors for development of headache in patients with

PSS. The Wilcoxon paired samples test was used to

test for significant differences in paired continuous

data, and the Mann–Whitney U-test was used to test

for significant differences in independent continuous

data. Correction for multiple testing was not per-

formed. A value of P � 0.05 was considered signifi-

cant.

Results

Headaches

Of the 71 patients with PSS, 51 (71.8%) reported one

or more headache attacks within the last 12 months

(Table 1). Thirty-eight patients (53.5%) reported

tension type headaches (TTHs). Thirty patients

(42.3%) reported episodic TTHs (ETTHs); 21 (29.6%)

had frequent ETTHs (< 15 attacks per month) and

nine (12.7%) had infrequent ETTHs (< 1 attack per

month). Eight patients (11.3%) reported chronic

TTHs; of these, three patients were diagnosed with

‘probable chronic TTH’, because medication overuse

headache could not be ruled out. None of the patients

with PSS had chronic migraine.

Forty-two healthy subjects (59.2%) reported pri-

mary headache within the last 12 months (Table 1).

One individual had chronic TTH. The prevalence of

migraine was similar between patients with PSS and

healthy subjects. One healthy person with migraine

also had a primary stabbing headache.

The patients with TTH were younger than patients

without TTH (mean age 53.5 � 12.9 years, median

52.1 years; range 27.1–75.3 years vs. mean age

62.2 � 11.4 years, median 61.8 years; range 35.7–86.6

years; P = 0.01). Patients with chronic TTH were

younger than those without chronic TTH (mean age

49.2 � 11.4 years, median 45.9 years; range 34.2–71.8

years vs. 58.6 � 12.8 years, median 60.3 years; range

27.1–86.6 years; P = 0.04). No differences were found

between patients with or without chronic TTH in

disease duration, BMI or education.

Laboratory tests and other variables

There were no differences between patients with PSS

with or without headache in general, or subtypes of

headache, regarding haemoglobin, platelets, leuko-

cytes, erythrocyte sedimentation rate, ANA, anti-

nDNA antibodies, FT4, TSH, anti-cardiolipin

antibodies, or complement factors C3 and C4. Of the

19 patients with PSS that reported migraines, 18 had

anti-SSA and/or -SSB antibodies. Of the 52 patients

without migraine, 38 had anti-SSA and/or anti-SSB

antibodies (95% vs. 73%; P = 0.06). Anti-SSA/-SSB

antibodies were detected in four out of eight patients

with PSS that had chronic TTH, and 52 out of 63

patients without chronic TTH (50% vs. 83%). Thus,

chronic TTH tended to be associated with less anti-

SSA/-SSB positivity (P = 0.06) in patients with PSS.

Table 1 Prevalence of headache in 71 patients with PSS and 71 age-

and gender-matched healthy subjects

Type of headache

PSS

(n = 71)

Healthy subjects

(n = 71) P*

All headaches 51 (71.8%) 42 (59.2%) 0.10

All migraine 19 (26.8%) 20 (28.2%) 1.00

Migraine with aura 8 (11.3%) 11 (15.5%) 0.61

Migraine aura without

headache

3 (4.2%) 1 0.62

Chronic migraine 0 0

All TTH 38 (53.5%) 28 (39.4%) 0.12

Frequent ETTH 21 (29.6%) 14 (19.7%) 0.23

Infrequent ETTH 9 (12.7%) 13 (18.3%) 0.50

Chronic TTH 8 (11.3%) 1 0.05

TTH only 32 (45.1%) 22 (31.0%) 0.10

Both migraine and TTH 6 (8.5%) 6 (8.5%) 0.77

*P-values not corrected for multiple significance testing. ETTH, epi-

sodic tension-type headache; PSS, primary Sjøgren‘s syndrome;

TTH, tension type headache.
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Patients with positive biopsies (n = 57) showed no

differences in headaches or headache categories com-

pared with those with negative biopsies (n = 13). Fur-

thermore, for patients with positive lip biopsies, no

differences in focus scores were detected in those with

or without headaches or headache categories (data

not shown).

Fifty-four patients with PSS were subjected to lum-

bar puncture. Only three of these patients showed

detectable IL-1b levels in the CSF; two had TTH and

one had migraine with aura. IL-6 was detectable in

the CSF of 43 of 54 patients, but there were no differ-

ences between those with or without headache or

headache categories. Three patients with PSS had an

elevated CSF/serum albumin index, indicating impair-

ment of the blood–brain barrier. Of these, all had

TTH only, one had chronic TTH. An increased CSF

IgG/albumin ratio, which indicated intrathecal IgG

synthesis, was detected in nine patients; four were

among 40 patients with headache (10%) and five

were among 14 patients without headache (36%),

(P = 0.04). Only one out of 28 patients (4%) with

TTH had an increased CSF IgG/albumin ratio

compared with eight out of 26 (31%) without TTH

(P = 0.01). The IgG index was increased in seven

patients; three with TTH, one with migraine without

aura, and two without headache. This index was not

significantly different between patients with or without

headache or headache categories.

Two out of the 69 patients (3%) investigated with

MRI had cerebral infarcts; both of them � 2 lacunar

infarcts. Two healthy subjects (3%) had cerebral

infarcts, one with one lacunar infarct and one with �

2 lacunar infarcts. No differences were detected

between patients and healthy subjects regarding

WMH scores (median 3.0, range 0.0–28.0 vs. median

5.0, range 0.0–30.0; P = 0.31). Among patients with

PSS, those with TTHs had lower total WMH scores

than those without TTHs (median 2.0; range 0.0–16.0

vs. median 5.0; range 0.0–28.0; P = 0.04) (Table 2).

Adjusted for age in a logistic regression model, this

difference was no longer significant.

The patients with PSS had higher FSS scores than

the healthy subjects (median 5.3, range 1.2–7.0 vs. 1.9,

1.0–6.0; P < 0.0005). The same applied to VAS scores

(median 65.0, range 3.0–96.0 vs. 9.0, 1.0–82.0; P <

0.0005). Among patients with PSS, the FSS scores

were not different in those with headache or any head-

ache category compared with those without headaches

(Table 3).

The patients with PSS had higher BDI scores than

the healthy subjects (median 9.0, range 0.0–38.0 vs.

2.0, 0.0–16.0; P < 0.0005). Among patients with PSS,

no differences were detected in BDI scores among

those with or without headache in the different head-

ache categories (Table 4).

Discussion

This study showed that the only difference between

patients with PSS and healthy subjects was that the

former group had a higher prevalence of chronic

TTHs. These groups were similar in the prevalence of

headaches in general and the prevalence of other sub-

types of headaches. We expect that these findings

reflected the headache spectra in the population with

PSS, because nearly all patients with PSS from our

Table 2 Total WMH scores and different headache categories in 68

patients with PSS

Headache types

Headache

present

Headache not

present P*

All headaches 3.0; 0.0–28.0 7.5; 0.0–20.0 0.06

All migraine 3.0; 0.0–28.0 3.5; 0.0–20.0 0.98

Migraine with aura 4.0; 0.0–27.0 3.0; 0.0–28.0 0.61

All TTH 2.0; 0.0–16.0 5.0; 0.0–28.0 0.04

TTH only 2.5; 0.0–16.0 4.0; 0.0–28.0 0.09

Chronic TTH 2.0; 0.0–10.0 4.0; 0.0–28.0 0.24

*P-values not corrected for multiple significance testing. WMH,

white matter hyperintensities; TTH, tension type headache.

Table 3 FSS scores and different headache categories in 71 patients

with PSS

Headache types

Headache

present

Headache not

present P*

All headaches 5.3; 1.6–7.0 5.6; 1.2–6.9 0.78

All migraine 5.3; 1.6–7.0 5.4; 1.2–7.0 0.92

Migraine with aura 5.4; 2.0–6.8 5.3; 1.2–7.0 0.94

All TTH 5.3; 1.7–7.0 5.4; 1.2–7.0 0.98

TTH only 5.3; 1.7–7.0 5.4; 1.2–7.0 0.73

Chronic TTH 6.1; 3.3–6.9 5.2; 1.2–7.0 0.28

*P-values not corrected for multiple significance testing. FSS, Fati-

gue Severity Scale; TTH, tension type headache.

Table 4 BDI scores and different headache categories in 71 patients

with PSS

Headache types

Headache

present

Headache not

present P*

All headaches 8.5; 0.0–29.0 9.0; 0.0–38.0 0.50

All migraine 9.0; 1.0–23.0 9.5; 0.0–38.0 0.95

Migraine with aura 8.5; 3.0–20.0 9.0; 0.0–38.0 0.86

All TTH 9.5; 0.0–29.0 8.0; 0.0–38.0 0.37

TTH only 10.0; 0.0–29.0 9.0; 0.0–38.0 0.51

Chronic TTH 15.5; 2.0–29.0 9.0; 0.0–38.0 0.15

*P-values not corrected for multiple significance testing. BDI, Beck

Depression Inventory; TTH, tension type headache.
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geographic area were recruited into the study. We

used widely accepted classification criteria for both

PSS (AECC) [6] and headaches (ICHD II) [7], and the

headache subtype was assessed based on a structured

personal interview by a neurologist. Furthermore,

patients with PSS were compared with age- and gen-

der-matched healthy subjects from the same geo-

graphic area, and both groups were investigated in the

same manner. The prevalence of headaches in general

in the control group was similar to that reported in a

recent review of headache epidemiology in Europe

[13]. Thus, our results reflected the general population

in this respect.

Our findings contrasted with previous studies that

reported a higher prevalence of migraine in patients

with PSS compared with controls. An earlier study

found migraine in 46% of patients with PSS, a signifi-

cantly higher rate than in healthy control subjects

[14]. However, that study made the diagnosis of PSS

based on subjective and objective mouth dryness phe-

nomena; they did not investigate auto-antibodies and/

or salivary gland biopsies. Therefore, that diagnosis

did not comply with current PSS criteria. In addition,

that study assessed headache with a questionnaire

modified from that described by Taylor et al. [15].

Recently, G€okcay et al. [16] reported an increased

prevalence of migraine (54.2%) and also TTH

(24.1%) in patients with PSS compared with healthy

subjects. They used the ICHD-II criteria for headache

and the AECC criteria for PSS. However, the patients

with PSS in that study were 10 years younger (mean

age 47.1 years) than the patients in our study (mean

age 57.1 years), and they did not select healthy con-

trols that were age- and gender-matched.

There are several possible explanations for our find-

ing that chronic TTH occurred more often in patients

with PSS than in healthy subjects. First, PSS patients

had higher BDI and fatigue scores than the healthy

subjects; this may have influenced the headache preva-

lence. However, in the patients with PSS, a logistic

regression with FSS and BDI scores as independent

variables failed to detect any association between

chronic TTH and fatigue or depression. Furthermore,

musculoskeletal symptoms are a common complaint

in patients with PSS. A large cross-sectional study in

Norway showed an association between chronic head-

ache and musculoskeletal symptoms [17].

Also, according to ICHD-II, headache due to medi-

cation overuse has to be ruled out for a definite classi-

fication of chronic TTH. In three of our patients with

PSS, medication overuse may have explained the

chronic headache. In patients with PSS, TTH was not

associated with BDI scores, fatigue scores, any labora-

tory data or PSS medication. Chronic headache is

known to have a significant impact on quality of life.

Further investigations are needed to address this issue

in patients with PSS, because it has implications for

both therapy and prophylactic measures.

Study limitations

A limitation of this study was the small sample size.

Furthermore, we did not use headache diaries, but

relied on retrospective headache reports. In addition,

a bias may have been introduced in the selection pro-

cess for the control group; because the healthy sub-

jects had less depression and fatigue, one might expect

fewer headaches, in general, compared with patients

with PSS.

The strengths of this study are: a population-based

approach with identification of all PSS patients within

a limited geographic area, age- and gender-matched

healthy control subjects, and the classification of

headaches according to ICHD criteria. Also, the clas-

sifications were performed by the same neurologist,

based on personal interviews with neutral screening

questions. Also, the prevalence of headache in the

healthy subjects was in accordance with findings in a

large epidemiological headache report [13].
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Background and purpose: It is often argued that patients with systemic lupus eryth-

ematosus (SLE) have more headaches than healthy subjects, but this association

remains controversial. Thus the magnitude and severity of headaches in SLE were

evaluated in comparison with another autoimmune disease, namely primary

Sj€ogren’s syndrome (pSS).

Methods: Sixty-seven patients with SLE, 71 pSS patients and 108 healthy subjects

were included. The International Classification of Headache Disorders, Headache

Impact Test-6 (HIT-6), and the Migraine Disability Assessment (MIDAS) question-

naire were used to classify and assess headache-related disability.

Results: Primary headaches were more prevalent in SLE patients than in healthy

subjects (82% vs. 69%, P = 0.01). Amongst the headache sufferers, SLE patients

(N = 55) and pSS patients (N = 51) had higher HIT-6 scores (median 51, range 36–

67, and median 54, range 36–72, respectively) than healthy subjects (N = 69) (med-

ian 46, range 36–72; P = 0.02 and P = 0.0009, respectively). Also, MIDAS scores

were higher in SLE (median 0, range 0–110) and pSS patients (median 1, range

0–40) than in healthy subjects (median 0, range 0–10; P = 0.04 and P = 0.003,

respectively).

Conclusion: Patients with SLE and pSS have a higher burden from headaches and

more severe headaches than headache sufferers without these diseases. However, evi-

dence of a specific bothersome SLE headache was not possible to identify as the

headaches had the same characteristics and similar impact and severity in pSS

patients. Depressive mood significantly influenced headache severity.

Introduction

Systemic lupus erythematosus (SLE) is a chronic

inflammatory autoimmune disease that can affect

almost any organ in the body. The aetiology is largely

unknown, but predisposing gene variants and environ-

mental factors, such as UV light, infections and drugs,

are important pathogenetic factors [1].

SLE frequently includes neurological involvement,

and amongst the central nervous system (CNS) mani-

festations of SLE, headache has traditionally been

considered common and even has a strong weight in

the SLE disease activity index (SLEDAI) [2]. The con-

cept ‘lupus headache’ is defined in the British Isles

Lupus Assessment Group 2004 index as a disabling

headache that is unresponsive to narcotic analgesia

and lasts ≥3 days, and by the American College of

Rheumatology (ACR) criteria as a severe, persistent

headache that ‘may be migraineous, but must be non-

responsive to narcotic analgesia’ [3,4]. This type of

headache is one of the 19 neuropsychiatric syndromes

regarded as part of the SLE disease spectrum [5].

However, some studies have questioned both the

claimed prevalence and the severity of headache in

SLE [6,7]. These headache issues seem to have gained

little attention in other autoimmune diseases.

Primary Sj€ogren’s syndrome (pSS) is another auto-

immune disease mainly affecting the exocrine glands

and accompanied by dryness of the mouth and eyes,

fatigue, and migrating muscle and joint pain.

Although it is regarded as a distinct disease, pSS

shares several genetic, immunological and clinical fea-

tures with SLE [8], and both the peripheral nervous

system and CNS are frequently involved [9,10].
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A number of studies have investigated neurological

involvement in pSS, but very few have focused on

headache [11,12].

With the strong impact headache has traditionally

had in SLE and the possibility that this could repre-

sent a myth [13], it is remarkable that no systematic

review has explored the impact of headache or tried

to quantitate the ‘burden of headache’ in this condi-

tion. Because validated neurological tools are avail-

able for assessing these matters, our aim was to

investigate whether headache has a greater impact on

SLE patients’ lives than in the normal population and

to compare it with another distinct autoimmune dis-

ease, namely pSS.

Patients and methods

SLE patients

Stavanger University Hospital serves a population of

310 000 inhabitants and all patients with systemic

autoimmune diseases are allocated to this hospital. A

total of 86 patients, all Caucasian, fulfilled the 1982

revised ACR criteria for SLE [14]. Informed consent

to participate in the study was provided by 70 patients

(81%). One patient with a brain tumour and two

patients who withdrew their consent were excluded

from the study. Therefore, 67 patients were identified

for the study (SLE full group).

Fifty-five (82%) of the 67 patients with SLE

reported having a headache (primary) during the last

12 months and were included in the headache impact

analysis. Demographic and selected data for the SLE

headache group are given in Table 1. In this group,

45 patients (82%) used medication for SLE, eight

(15%) used antimalarial medication, eight (15%) used

prednisolone only, one patient received intravenous

cyclophosphamide infusions and 29 patients (53%)

were on combination medication. Twenty-two SLE

patients (40%) used cardiovascular medication and

nine (16%) were on beta-blockers.

pSS patients

Seventy-two (73%) of the 99 patients who fulfilled the

American European Consensus Criteria for pSS gave

informed consent to participate in the study [15]. One

patient was excluded due to a brain tumour. Thus, 71

patients were included in the study (pSS full group).

Fifty-one (72%) of the 71 pSS patients reported

having a headache during the previous year and were

included in the pSS headache group. Demographic

and other relevant data for this group are provided in

Table 1. Twenty-four (47%) pSS patients were on

medication for pSS, 12 patients (24%) used antimala-

rials, one used prednisolone only, one received intra-

venous cyclophosphamide and 10 patients (20%) were

on combination medication. Thirteen pSS patients

(25%) used cardiovascular medication, including two

(4%) on beta-blockers.

Healthy subjects

A total of 108 healthy subjects with no immunologi-

cal, neurological or malignant diseases served as con-

trol subjects and were recruited amongst the friends

and neighbours of the patients and the friends, friends

of friends, and neighbours of hospital staff (healthy

subjects, full group). In this group, 69 persons (64%)

had experienced a headache in the last year and con-

stituted the healthy subjects headache group, Table 1.

Clinical evaluation

All patients and healthy subjects were subjected to a

2-day stay at the hospital for research purposes only

and were examined by an experienced internist (EH)

and experienced neurologist (ABT). Disease activity in

the SLE patients was assessed by the SLEDAI and

cumulative organ damage by the Systemic Lupus

International Collaborating Clinics/ACR damage

index [16]. Headaches were diagnosed and classified

Table 1 Demographic and other select data in headache group

patients and healthy subjects

Subjects

SLE

N = 55

pSS

N = 51

Healthy subjects

N = 69

Female�male, % 87–13 82–18 87–13

Mean age � SD,

years

43.3 � 13.9 53.8 � 12.4 46.7 � 12.6

Disease duration,

years

11.0; 0.5–29.0 6.1; 0.4–24.1 NA

SLEDAI 2.0; 0–26 NA NA

SLICC 2.0; 0–8 NA NA

BDI 8.0; 0.0–27.0 9.0; 0.0–29.0 2.0; 0.0–16.0

MSG biopsy,

focus score ≥1

NA 40/50a (80%) NA

ANA 53/55 (96%) 46/51 (90%) NA

anti-DNA ab 30/55 (55%) 1/51 NA

aPL 19/55 (35%) 6/51 (12%) NA

anti-SSA ab 16/55 (29%) 41/51 (80%) NA

anti-SSB ab 9/55 (16%) 22/51 (43%) NA

Data are given as median; range or proportions unless otherwise

noted. SLEDAI, SLE disease activity index [2]; SLICC, Systemic

Lupus International Collaborating Clinics/ACR damage index [16];

BDI, Beck Depression Inventory score [21]; MSG, minor salivary

gland; ANA, antinuclear antibodies; aPL, anti-phospholipid anti-

bodies; ab, antibodies; SSA, Sj€ogren’s syndrome A antigen; SSB,

Sj€ogren’s syndrome B antigen.
aThe MSG biopsy was inconclusive in one patient due to insufficient

biopsy volume.
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according to the International Classification of Head-

ache Disorders (ICHD II) criteria using a structured

interview with a neutral opening screening question

about having had a headache during the last year [17].

Headache status was defined as one or more headache

attacks during the last year. The structured interview

included a detailed neurological and headache history

covering relevant information necessary to diagnose

and classify headaches and differentiate them from

other neurological conditions. Secondary headaches

considered to be due to conditions or diseases other

than SLE or pSS were excluded. ‘Migraine’ and not

‘migraine-like’ or ‘migraineous headache’ was used,

because the criteria A–D in the ICHD classification of

migraine were fulfilled outside the context of an SLE

disease flare and not attributed to another disorder.

The impact of headache was assessed using the

Migraine Disability Assessment (MIDAS) question-

naire and the Headache Impact Test-6 (HIT-6)

[18,19]. MIDAS assesses headache-related disability

over a 3-month period due to activity limitations or

lost time in three domains (paid work or school,

household work and non-work activities), whereas

HIT-6 measures the headache impact during the previ-

ous 4-week period. HIT-6 is considered a more global

assessment of headache impact that also takes into

account fatigue, mood and pain severity [20]. Both

questionnaires assess headache in general, categorizing

headache impact into four severity grades: minimal

(grade I), mild (grade II), moderate (grade III) and

severe (grade IV). Headache disability is considered

moderate or severe (grades III–IV) for MIDAS scores

>10 and HIT-6 scores >55. The questionnaires were

answered by the patients and healthy subjects during

the headache interview. Subjects were asked to rate

the headache type they considered most bothersome if

having more than one type. Depression was assessed

by the Beck Depression Inventory (BDI) [21].

Laboratory analyses

Routine haematological, biochemical and immunolog-

ical tests were performed in the hospital’s routine lab-

oratories as described previously [10].

Statistical analysis

Continuous data are reported as mean � SD when

normally distributed, otherwise as median and range.

Categorical data are reported as numbers and percent-

ages. The ANOVA F test was used to compare indepen-

dent continuous data between groups when normally

distributed (i.e. age). The Kruskal–Wallis test was

used to compare independent continuous data

between groups when not normally distributed, and

the Mann–Whitney U test without correction for mul-

tiple testing for post hoc analysis. Logistic regression

was used to test for risk factors for headache impact

with headache impact as the dependent categorical

variable (MIDAS >10, HIT-6 > 55) and age, gender,

BDI score and headache group (SLE, pSS and healthy

subjects) as the independent variables. Linear regres-

sion was also used to test for risk factors for total

HIT-6 score as these scores were normally distributed.

The chi-squared test was used to compare categorical

data. P < 0.05 was considered significant.

The study complied with the Helsinki Declaration

and was approved by the Regional Research Ethics

Committee.

Results

Demographics and headache impact

Post hoc analysis revealed that pSS patients were

older than healthy subjects (P = 0.004) and SLE

patients (P < 0.0001), but no difference was found

between SLE patients and healthy subjects (P = 0.15;

Table 1). The prevalence of headache and headache

category in the three full groups of subjects are given

in Table S1 and amongst the headache sufferers (SLE,

pSS and healthy subjects) in Fig. 1. Headache preva-

lences differed between the full groups of subjects,

post hoc analyses revealing more headaches in SLE

patients compared with healthy subjects (82% vs.

64%, P = 0.01). No differences existed between SLE

and pSS patients or pSS and healthy subjects. MIDAS

and HIT-6 scores are shown in Fig. 2, and categoriza-

tion by impact grades I–II (minimal, mild) versus III–

IV (moderate, severe) is shown in Figs 3 and 4. The

impact data in headache subtypes in SLE and pSS

Figure 1 Headache categories in SLE, pSS and healthy subjects

with headache. SLE, systemic lupus erythematosus; pSS, primary

Sj€ogren’s syndrome; TTH, tension type headache.
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patients and healthy subjects are shown in Table 2.

No associations between headache impact and

autoantibodies or medication for SLE or pSS were

found (data not shown).

Comparisons between subject groups with headache

MIDAS scores (Fig. 2) were different between the

three groups (P = 0.011). Post hoc analysis revealed

higher MIDAS scores in the SLE (median 0, range 0–

110) and pSS patients (median 1.0, range 0–40) com-

pared with healthy subjects (median 0, range 0–10;

P = 0.04 and P = 0.003, respectively). No difference

was found between the SLE and pSS groups.

HIT-6 scores (Fig. 2) were also different between

the three groups (P = 0.003). Post hoc analysis

revealed higher scores in SLE (median 51, range 36–

67) and pSS patients (median 54, range 36–72) com-

pared with healthy subjects (median 46, range 36–72;

P = 0.02 and P = 0.0009). No difference was found

between SLE and pSS patients.
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Figure 2 Boxplot of headache-related disability in SLE, pSS and
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ment; SLE, systemic lupus erythematosus; pSS, primary
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The number of subjects with moderate to severe

headache impact based on MIDAS scores (grades

III–IV) was different between the three headache

groups (P < 0.0001). In post hoc analysis the SLE

patients had more moderate to severe headache dis-

ability compared with healthy subjects (22% vs. none

with grades III–IV, P < 0.0001). The same was

found for pSS patients (27% vs. none, P < 0.0001).

No difference in MIDAS grades III–IV was found

between SLE and pSS patients (P = 0.50, Fig. 3).

The moderate to severe headache impact according

to HIT-6 scores was different between groups

(P = 0.007). Post hoc analysis revealed that more

SLE patients had impact grades III–IV compared

with healthy subjects (35% vs. 17%, P = 0.03) and

more pSS patients had grades III–IV compared with

healthy subjects (43% vs. 17%, P = 0.002). No dif-

ference in HIT-6 grades III–IV was found between

SLE and pSS patients (P = 0.36, Fig. 4).

Depression

BDI scores were different between groups

(P = 0.0001, Table 1). Post hoc analysis revealed

higher BDI scores in SLE and pSS patients com-

pared with healthy subjects (P < 0.0001 for both),

but no difference was found between SLE and pSS

patients (P = 0.21).

In a backward stepwise regression analysis includ-

ing gender, age, BDI score and headache group as

independent variables and MIDAS score >10 (grades

III–IV) as the dependent variable, differences

between groups disappeared when adjusting for BDI

and age. On adjusting for BDI in a logistic regres-

sion model with HIT-6 score >55 as the dependent

variable, differences between groups again disap-

peared. In a stepwise linear regression model for

HIT-6 scores, differences between groups disap-

peared when adjusting for depression, age and gen-

der. The differences also disappeared when adjusting

only for BDI.

Discussion

This study confirms previous reports of headaches,

particularly migraines, being common in patients

with SLE. The new finding in this study is that the

burden of headache, or the impact of headache on

patients’ lives, is considerably higher in SLE patients

with headache than otherwise healthy subjects who

also suffer from headaches. This finding supports the

concept of headache as a strong and influential

phenomenon in SLE as previously argued by several

authors. Using validated headache impactT
a
b
le

2
H
ea
d
a
ch
e-
re
la
te
d
d
is
a
b
il
it
y
in

S
L
E
,
p
S
S
a
n
d
h
ea
lt
h
y
su
b
je
ct
s
b
a
se
d
o
n
h
ea
d
a
ch
e
ca
te
g
o
ri
es

S
L
E
,
N

=
5
5

p
S
S
,
N

=
5
1

H
ea
lt
h
y
su
b
je
ct
s,
N

=
6
9

M
ig
ra
in
e

P
u
re

T
T
H

P
M
ig
ra
in
e

P
u
re

T
T
H

P
M
ig
ra
in
e

P
u
re

T
T
H

P

N
o
.
o
f
su
b
je
ct
s

2
4
/5
5

3
1
/5
5

N
A

1
9
/5
1

3
2
/5
1

N
A

2
5
/6
9

4
4
/6
9

N
A

M
ID

A
S
sc
o
re

7
.5
;
0
–
1
1
0

0
.0
;
0
–
9

0
.0
0
0
7

2
.0
;
0
–
3
0

0
.0
;
0
–
4
0

0
.3
3

2
.0
;
0
–
9

0
.0
;
0
–
1
0

0
.0
0
2

M
ID

A
S
II
I–
IV

1
2
/2
4
(5
0
%

)
0

0
.0
0
0
1

7
/1
9
(3
7
%

)
7
/3
2
(2
2
%

)
0
.2
5

0
0

H
IT

-6
sc
o
re

6
0
.5
;
3
6
–
6
7

4
6
.0
;
3
8
–
6
2

0
.0
0
0
1

5
7
.0
;
4
2
–
7
2

5
0
.0
;
3
6
–
6
7

0
.0
3

5
3
.0
;
4
0
–
7
2

4
4
.0
:
3
6
–
5
8

<
0
.0
0
0
1

H
IT

-6
II
I–
IV

1
5
/2
4
(6
3
%

)
4
/3
1
(1
3
%

)
0
.0
0
0
2

1
2
/1
9
(6
3
%

)
1
0
/3
2
(3
1
%

)
0
.0
3

1
0
/2
5
(4
0
%

)
2
/4
4
(5
%

)
0
.0
0
0
4

D
a
ta

a
re

g
iv
en

a
s
m
ed
ia
n
;
ra
n
g
e
o
r
p
ro
p
o
rt
io
n
s
u
n
le
ss

o
th
er
w
is
e
n
o
te
d
.
S
L
E
,
sy
st
em

ic
lu
p
u
s
er
y
th
em

a
to
su
s;

p
S
S
,
p
ri
m
a
ry

S
j€ o
g
re
n
’s

sy
n
d
ro
m
e;

T
T
H
,
te
n
si
o
n
ty
p
e
h
ea
d
a
ch
e;

M
ID

A
S
,
M
ig
ra
in
e

D
is
a
b
il
it
y
A
ss
es
sm

en
t;
H
IT

-6
,
H
ea
d
a
ch
e
Im

p
a
ct

T
es
t-
6
;
II
I–
IV

,
m
o
d
er
a
te

to
se
v
er
e
g
ra
d
es

o
f
h
ea
d
a
ch
e
im

p
a
ct
.

© 2014 The Author(s)
European Journal of Neurology © 2014 EAN

1128 A. B. Tjensvoll et al.



instruments, it was found that SLE patients have both

more headache-related disability and greater severity

of disability (severity grade).

A somewhat surprising finding was that patients

with pSS reported a similar impact of headache on

their lives as SLE patients. Both the magnitude and

severity of impact were identical in these two diseases

and considerably higher than in ‘healthy’ headache

sufferers.

Depression influences headache-related disability,

and the SLE patients experienced more depression

than healthy subjects [22]. Thus, a more depressive

state may partly explain the high ranking that head-

aches have traditionally had in SLE patients, in our

study illustrated by the high impact. Using specific

questionnaires for headache-related disability, our

findings are in accordance with a recently reported

large international inception cohort study that found

an association between headache and health-related

quality of life [23]. Thus, high headache-related

disability in SLE and pSS patients may reflect the

burden of chronic disease, although a biological

mechanism such as intrathecal cytokine effect cannot

be ruled out [24].

As in the general population, SLE patients with

migraine had more headache-related disability than

those with non-migraine headache [25]. However, the

proportion of migraines amongst headache sufferers

was similar in SLE and pSS patients and healthy sub-

jects; therefore, it cannot explain the greater headache

impact in patients compared with healthy subjects.

Our data indicate that the headache issue in SLE

may be explained, at least in part, by the influence of

co-factors such as depression and does not represent a

specific CNS manifestation of SLE. However, this

finding was not specific for the SLE patients; the same

influence on headache impact appeared in pSS

patients.

Study limitations

The study has some limitations. First, the sample size

was small. Second, a lack of headache diaries may

have led to recall bias. Third, employment and educa-

tion status was not systematically recorded. MIDAS

scores are highly influenced by work and school sta-

tus. Many patients do not work due to disease, and

this may have resulted in lower MIDAS scores

reported by the patients.

The strengths of the study are a near population-

based approach with identification of all SLE and pSS

patients within a limited geographical area; classifica-

tion of SLE, pSS and headache according to interna-

tional criteria; and the assessment of headache-related

disability using valid and reliable tools for impact

measures. Furthermore, the same neurologist per-

formed personal interviews with the neutral screening

question and headache classifications, and impact

questionnaires were filled out during the interview.
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Background and purpose: Migraine is frequent in patients with systemic lupus

erythematosus (SLE), but the pathogenesis and pathophysiology are poorly

understood. Migraine is assumed to be a consequence of abnormal neuronal

excitability. Based on the hypothesis that the threshold for migraine is lower

in SLE patients due to cerebral disturbances, whether structural abnormalities

of the brain or relevant biomarkers are associated with headaches in SLE was

investigated.

Methods: Sixty-seven SLE patients and age- and gender-matched healthy sub-

jects participated. Volumes of grey matter (GM) and white matter (WM) were

estimated from cerebral magnetic resonance images with SPM8 software.

Anti-NR2 and anti-P antibodies and protein S100B were measured in cere-

brospinal fluid.

Results: In regression analyses, larger GM volumes in SLE patients reduced

the odds for headache in general [odds ratio (OR) 0.98, P = 0.048] and for

migraine in particular (OR 0.95, P = 0.004). No localized loss of GM was

observed. Larger WM volumes in patients increased the odds for migraine

(OR 1.04, P = 0.007). These findings could not be confirmed in healthy sub-

jects. Neither anti-NR2 and anti-P antibodies nor S100B were associated with

headaches in SLE patients.

Conclusions: Systemic lupus erythematosus patients with migraine have a dif-

fuse reduction in GM compared to patients without migraine. This finding

was not observed in healthy subjects with migraine, and selected biomarkers

did not indicate specific pathophysiological processes in the brain. These find-

ings indicate that unknown pathogenic processes are responsible for the

increased frequency of migraine in SLE patients.

Introduction

Systemic lupus erythematosus (SLE) is a chronic

inflammatory autoimmune disease that may influence

the brain through various mechanisms. Headache,

especially migraine, is frequent and constitutes part of

the neuropsychiatric SLE syndromes (NPSLEs)

thought to be specific manifestations of the disease

[1]. The so-called ‘lupus headache’ is defined as a sev-

ere, persistent headache that ‘may be migrainous, but

must be non-responsive to narcotic analgesia’ [2].

Whether such a headache really exists is debated. In a

recent controlled study, considerably more migraine

was observed in SLE patients than in healthy subjects
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[3], in line with the results of previous studies [4,5].

However, why migraine should be more common in

SLE patients is not clear.

Migraine is a disorder characterized by an imbal-

ance in neuronal excitability, and it affects several

regions in the brain [6]. It is possible that the thresh-

old for migraine may be lower in SLE patients

because of immunological, biochemical or structural

disturbances. Several brain abnormalities, such as

white matter (WM) hyperintensities, infarcts and loss

of grey matter (GM), have been documented in mag-

netic resonance imaging (MRI) studies of SLE

patients [7–9]. A recent meta-analysis reported similar

structural abnormalities in migraine patients in the

general population [10].

The NR2 subunit type of the N-methyl-D-aspartate

(NMDA) receptor is considered to have a significant

role in migraine [11]. Some patients with autoimmune

diseases develop antibodies to NR2 subunits. These

antibodies cause prolonged opening of the NMDA

receptor ion channel on the postsynaptic membrane

and lead to continuous depolarization with excessive

Ca2+ influx into the cell [12]. This is followed by neu-

ronal dysfunction and eventually cell death [13]. In

humans, anti-NR2 antibodies are associated with cog-

nitive dysfunction and mental depression, as well as loss

of hippocampal GM, in patients with SLE and in those

with primary Sj€ogren’s syndrome [14–16]. One might

therefore speculate that anti-NR2 antibodies contribute

to neuronal dysfunction in the brains of patients with

lupus and thereby increase migraine susceptibility.

Antibodies against ribosomal P proteins (anti-P

antibodies) constitute another pathogenic antibody

that occurs in patients with SLE. Previous studies

have reported associations between anti-P antibodies

and NPSLE, especially psychosis, in SLE patients

[17,18]. Moreover, this antibody binds to neurons and

leads to influx of Ca2+ and neuronal dysfunction or

apoptosis [19]. It is therefore an obvious candidate for

involvement in cerebral disturbances and lowering of

the migraine threshold in SLE patients.

Astroglial cells play an active role in regulating and

controlling synaptic transmission and in providing an

optimal environment for neuronal functioning [20].

The subtype of astroglial cells in intimate contact with

cerebral blood vessels secretes protein S100B when

activated in response to damage or homeostatic dis-

turbances. Vasculopathy and endothelial activation in

cerebral blood vessels, as well as other immune and

inflammatory stressors, in SLE patients could influ-

ence astroglial function and lead to increased concen-

trations of S100B in cerebrospinal fluid (CSF), as was

observed in a previous study of patients with NPSLE

[21].

To further elucidate potential mechanisms for the

high prevalence of migraine in SLE patients, it was

investigated whether structural, immunological or bio-

chemical abnormalities in the brain, as revealed by

MRI imaging and detection of anti-NR2 antibodies,

anti-P antibodies and protein S100B in CSF, were

associated with migraine or any other headaches in

SLE.

Patients and methods

The overall recruitment period of patients and healthy

subjects took place from 2003 to 2006. The study

complied with the Helsinki Declaration and was

approved by the Regional Research Ethics Commit-

tee. Written informed consent was obtained from all

participants.

Systemic lupus erythematosus patients

Nearly all patients with SLE in Rogaland County,

Norway, are allocated to Stavanger University Hospi-

tal. This study can thus be regarded as close to popu-

lation based. Eighty-six patients, all Caucasian,

fulfilled the 1982 revised American College of

Rheumatology (ACR) criteria for SLE, and 70

patients (81%) consented to participate in the study.

Three patients were excluded: two patients withdrew

their consent, and one was excluded because of a

brain tumor. Thus, 67 patients were included. Selected

demographic, clinical and laboratory data are shown

in Table 1.

Sixty-two patients completed cerebral MRI scan-

ning; two were excluded from analyses due to poor

image quality, and seven were excluded due to cortical

infarcts. Thus, 53 SLE patients were eligible for the

part of the study that included MRI scans. Cerebral

MRI scanning was performed within 11.7 � 10.6 days

(median 9.0, range 2–75 days) following the clinical

examination.

Healthy subjects

Age- (�2 years) and gender-matched subjects without

immunological, neurological or malignant diseases

were recruited from hospital staff, friends and neigh-

bors of hospital staff and unrelated friends and

neighbors of the patients. The healthy subjects whose

corresponding SLE patients had ineligible MRI scans

were excluded from the MRI analyses. None had

cortical infarcts. MRI scanning in the healthy sub-

jects was performed within 19.9 � 29.2 days (median

16.0, range 39–87 days) following the clinical exami-

nation.
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Clinical evaluation

All patients and healthy subjects were clinically exam-

ined by an experienced internist (EH) and a neurologist

(ABT). Headaches were classified according to the Inter-

national Classification of Headache Disorders (ICHD

II) criteria by means of a structured interview [22]. The

presence of headache was defined as one or more head-

ache attacks during the last year. The Beck Depression

Inventory (BDI) [23] was used to assess depression, and

fatigue was assessed by a fatigue Visual Analogue Scale

(fVAS). Arterial hypertension was defined as systolic

blood pressure ≥140 mmHg and/or diastolic blood pres-

sure ≥90 mmHg. Investigations were performed during

a 2-day stay in the hospital for research purposes only.

Laboratory analyses

Routine hematological, biochemical and immunologi-

cal analyses were performed in the hospital’s routine

laboratory. CSF samples were obtained between 1

and 2 p.m. by lumbar puncture in 52 SLE patients

(78%) who agreed to undergo this procedure. Samples

were immediately placed on ice and centrifuged at

4°C at 3000 g for 10 min. Supernatants were immedi-

ately aliquoted and frozen at �70°C until analysis.

Screening for antinuclear antibodies was performed

with the HEp-2000 assay (Immunoconcepts, Sacra-

mento, CA, USA), and the presence of anti-double-

stranded (ds) DNA was confirmed by enzyme-linked

immunosorbent assay (ELISA) with the QUANTA

Lite ENA 6 assay (Inova Diagnostics, San Diego, CA,

USA). Anti-dsDNA antibodies were verified by Nova

Lite dsDNA Crithidia luciliae 708 200 indirect

immunofluorescence assay (Inova Diagnostics). Anti-

phospholipid antibodies were considered positive if the

patients had a positive anti-cardiolipin immunoglobulin

M (IgM) or IgG antibody test, were lupus-anticoagu-

lant positive or any combination of these. Anti-cardioli-

pin IgM and IgG and lupus anticoagulant were

measured as previously described [3]. Anti-NR2 anti-

bodies in CSF were analyzed by electrochemilumines-

cence as previously described [16]. Protein S100B was

analyzed in CSF with the Human S100B ELISA kit

(Abnova, Jhongli City, Taiwan) according to the manu-

facturer’s instructions. Anti-P antibodies in CSF were

analyzed as previously described [17].

Magnetic resonance image acquisition and

preprocessing

All subjects were examined with a 1.5-T Philips Gyro-

scan NT Intera Release 10 (Philips Medical Systems,

Best, The Netherlands). MRI images were prepro-

cessed using default settings in the VBM8 extension

(Gaser, http://dbm.neuro.uni-jena.de/vbm/download/)

of SPM8 (http://www.fil.ion.ucl.ac.uk/spm/software/

spm8/). The MRI protocol and details regarding the

preprocessing of MRI images have been described

previously [24]. Global GM and WM volumes for

each individual were estimated with the VBM8 tool.

The two-sample t test in SPM8 was applied to com-

pare GM volumes voxel-wise between SLE patients

with and without any headache and between those

with and without migraine in order to reveal potential

localized GM loss. All voxels with a <10% probability

of being GM were excluded to avoid possible edge

effects between different tissue types. Family-wise

error correction was applied for multiple testing, and

P < 0.05 was used as the significance threshold.

Statistics

Continuous data are reported as mean � SD when

normally distributed; otherwise as median and range.

Table 1 Selected demographic and clinical data in SLE patients and

healthy subjects

SLE patients

(N = 67)

Healthy

subjects

(N = 67) P value

Women/men (%) 58/9 (87/13) 58/9 (87/13)

Age, years 42.4 (20–76) 42.4 (21–77)

SLEDAI, scores 2.0 (0–26) NA NA

SLICC-DI, scores 2.0 (0–11) NA NA

Disease duration,

years

11.0 (1–32) NA NA

ANA (%) 65 (97) NA NA

Anti-DNA ab (%) 35 (52) NA NA

aPL (%) 26 (39) NA NA

Anti-NR2 ab

in CSFa

0.38 (0.1–2.2) NA NA

Anti-P ab in CSF,

lg/mlb
<0.001 (<0.001–0.13) NA NA

S100B in CSF,

pg/mlc
221 (110–420) NA NA

BDI scores 6.0 (0–27) 2.0 (0–9) <0.0001

Fatigue VAS scores 49.0 (1–980) 12.0 (1–72) <0.0001

Arterial

hypertension

34 (51%) 19 (28%) 0.001

Present use of

Corticosteroids 44 (66%) NA NA

Antimalarials 34 (51%) NA NA

No SLE drugs 12 (18%) NA NA

SLE, systemic lupus erythematosus; SLEDAI, SLE disease activity

index; SLICC-DI, Systemic Lupus International Collaborating Clin-

ics/ACR damage index; ANA, antinuclear antibodies; ab, antibodies;

aPL, anti-phospholipid ab; CSF, cerebrospinal fluid; BDI, Beck

Depression Inventory; VAS, visual analogue scale. Arterial hyperten-

sion, systolic blood pressure ≥140 mmHg and/or diastolic blood

pressure ≥90 mmHg. Data are given as median (range) or proportions.
aN = 52, value given as a ratio of signal against an internal calibrator

with defined signal intensity; bN = 51; cN = 50.
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Categorical data are reported as numbers and percent-

ages. McNemar mid-P test was used to compare pair-

wise categorical data [25]. Global GM and WM

volumes, BDI and fVAS scores in SLE patients and

healthy subjects were compared by paired-sample

statistics. Correction for family-wise error was not

performed. Univariable logistic regression analyses

were used to test for possible explanatory variables

for headache and headache subtypes. Variables with P

values ≤0.25 in univariable analyses and variables

thought to be of clinical interest regardless of their P

values were then tested in multivariable logistic regres-

sion analyses. Forward and backward stepwise model

selections were performed. Goodness-of-fit of the

models was checked by the Hosmer and Lemeshow

test, Cook distance plots and standardized residuals.

Three models were established where dependent vari-

ables were all headaches, migraine and pure tension-

type headache (TTH). Predictors in all three models

were age, gender, GM volume, WM volume, BDI

scores, fVAS scores, body mass index, anti-NR2 and

anti-P antibodies, and protein S100B; all except gen-

der were continuous variables. Variables that lacked

significant effect, as determined by multivariable

regression analysis, were excluded from the final mod-

els with the exception of age and gender, which were

regarded as important variables regardless of their sig-

nificance level. A P value of <0.05 was considered sig-

nificant.

Results

Headache prevalence in the 67 SLE patients and

matched healthy control subjects are shown in Fig. 1.

Twenty-four SLE patients had migraine; nine of these

had migraine with aura. Headache prevalence in the

matched groups with eligible MRI scans (N = 53) are

shown in Table 2. Four out of the 53 SLE patients

with eligible MRI scans and two healthy subjects had

lacunar infarcts. There were no differences in GM or

WM volumes between the patients and the matched

healthy subjects (Table 3). Anti-NR2 and anti-P anti-

bodies were analyzed in CSF in 52 and 51 patients,

respectively, and S100B in 50 patients. Numbers of

analyzed patients in the different headache groups are

shown in Fig. 2. Brain volumes, presence of anti-

phospholipid antibodies, and levels of anti-NR2 and

anti-P antibodies and S100B in the different headache

groups are shown in Table 4.

There were no associations between headaches and

routine immunological variables such as antinuclear

antibodies, anti-DNA, anti-SSA/SSB and anti-phos-

pholipid antibodies. Anti-NR2 and anti-P antibodies,

S100B, fVAS and BDI scores and body mass indices

did not contribute significantly in the regression mod-

els and were thus not included in the final models for

any of the headache categories. In the model including

all headaches in SLE patients, increasing GM volumes

decreased the odds for having headaches [odds ratio

(OR) 0.98, P = 0.048]. Two patients were removed

from this model due to standardized residuals of >3.

In the model comparing SLE patients with and with-

out migraine, increasing GM volumes reduced the

odds for having migraine (OR 0.95, P = 0.004), whilst

increasing WM volumes increased the odds for having

migraine (OR 1.04, P = 0.007). No associations
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Figure 1 Headache in 67 SLE patients and 67 matched healthy

subjects. SLE, systemic lupus erythematosus; TTH, tension-type

headache.

Table 2 Headache and arterial hypertension in SLE patients with

eligible MRI scans and matched healthy subjects

SLE patients

(N = 53)

Healthy subjects

(N = 53) P value

All headaches 44 (83%) 39 (74%) 0.24

Migraine 19 (36%) 11 (21%) 0.08

Pure TTH 25 (47%) 28 (53%) 0.56

Arterial hypertension 24 (45%) 16 (30%) 0.11

SLE, systemic lupus erythematosus; MRI, magnetic resonance imag-

ing; TTH, tension-type headache. Arterial hypertension, systolic

blood pressure ≥140 mmHg and/or diastolic blood pressure

≥90 mmHg.

Table 3 Brain volumes in SLE patients and healthy subjects

SLE patients

(N = 53)

Healthy subjects

(N = 53) P value

TIV 1347 (1140–1651) 1387 (1155–1639) 0.13

GM volume 556 (450–680) 562 (466–657) 0.36

GM volume/TIV 0.41 (0.36–0.46) 0.41 (0.37–0.44) 0.16

WM volume 531 (410–679) 553 (406–711) 0.07

WM volume/TIV 0.40 (0.34–0.42) 0.40 (0.35–0.43) 0.18

SLE, systemic lupus erythematosus; TIV, total intracranial volume;

GM, grey matter; WM, white matter. Volume (range) given in cm³.
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between pure TTH in the SLE patients and brain vol-

umes were revealed, nor any associations between

headache and brain volumes in the healthy subjects

(data not shown). No localized differences in GM vol-

umes were revealed in voxel-wise comparisons

between SLE patients and healthy subjects or between

SLE patients with and without all headaches,

migraine or TTH.

Discussion

Systemic lupus erythematosus patients with head-

aches, especially those with migraine, were found to

have less cerebral GM compared to SLE patients

without headaches. This finding could not be con-

firmed in the healthy control subjects. No localized

loss of GM was found to be associated with head-

aches.

Global brain atrophy is common in patients with

SLE, and GM loss in non-SLE patients suffering from

major depression has been reported [26]. Although

SLE patients had more depression than the healthy

control subjects (Table 1), BDI scores did not affect

the risk of headache. The influence of GM volume on

headache in SLE patients persisted when adjustment

was made for depression. Localized GM loss has been

reported in patients with NPSLE and also in migrai-

neurs in the general population [8,27]. However, in

our study, the GM volume loss could not be localized

to specific brain structures in the voxel-wise analyses.

A paradoxical finding was that SLE patients with

migraine had larger WM volumes than patients with-

out migraine. The association remained after adjusting

for age, and more complex interactions could possibly

be responsible for this.

Headaches were not associated with the presence of

neuronal antibodies anti-NR2 and anti-P. Hence, our

results do not support the hypothesis that immunolog-

ical processes due to these antibodies are operative

mechanisms.

Anti-phospholipid antibodies have been implicated

as a pathogenic factor for non-thrombotic NPSLE in

several studies, although conflicting results also exist

[4,28]. In the present study, the presence of anti-phos-

pholipid antibodies was not a significant predictor for

headaches.

One possible cause of neuronal imbalance is dys-

function of glial cells. Astrocytes modify neuronal

excitability and might become activated in SLE

patients, as was previously observed in a study of

patients with NPSLE [29]. Such a hypothesis could

not be confirmed, as the concentration of S100B did

not differ between SLE patients with or without

migraine.

This study has some limitations. First, a larger sam-

ple of patients and healthy control subjects might

have revealed effects that could not be detected by us.

Secondly, concentrations of antibodies may fluctuate

over time, and the cross-sectional design may have

limited our ability to detect associations. Thirdly,

headache diaries were not used and this may have led

to recall bias. A bias may also have been introduced

by using 1-year headache prevalence and not taking

No HeadacheAll headache Migraine

N = 9N = 44 N = 19Eligible MRI (N = 53)

N = 12N = 55 N = 24aPL (N = 67)

N = 11N = 41 N = 18Anti-NR2 ab (N = 52)

N = 11N = 40 N = 17Anti-P ab (N = 51)

N = 11N = 39 N = 18S100B (N = 50)

N = 12N = 55 N = 24All SLE patients (N = 67)

Figure 2 Numbers of analyzed patients in the headache groups.

SLE, systemic lupus erythematosus; MRI, magnetic resonance

imaging; aPL, anti-phospholipid antibodies; ab, antibodies.

Table 4 MRI and selected immunological data for SLE patients in the different headache groups

All headaches, N = 55 Migraine, N = 24 No headaches, N = 12

GM volume 549 (450–680) 544 (450–633) 566 (516–675)

WM volume 523 (410–643) 512 (454–643) 533 (471–679)

aPL in serum 19/55 (35%) 7/24 (29%) 7/12 (58%)

Anti-NR2 aba,b 0.37 (0.1–1.7) 0.33 (0.1–1.4) 0.44 (0.2–2.2)

Anti-P ab, lg/mla <0.001 (<0.001–0.08) <0.001 (<0.001–0.04) <0.001 (<0.001–0.13)

S100B, pg/mla 228 (110–420) 222 (110–393) 190 (127–302)

MRI, magnetic resonance imaging; SLE, systemic lupus erythematosus; GM, grey matter; WM, white matter; aPL, anti-phospholipid antibod-

ies; ab, antibodies. Data are given as median (range) or proportion unless otherwise noted. Volume (range) given in cm³.
aMeasured in CSF; banti-NR2 antibody values are given as a ratio against an internal calibrator with defined signal intensity.
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into account previous headaches that hypothetically

might have influenced brain volume.

The strengths of the study include a near popula-

tion-based, controlled and age- and gender-matched

design, as well as headache assessment by structured

interview with the same neurologist. In addition, corti-

cal infarcts were excluded from analyses and validated

methods for VBM analyses with conservative correc-

tion for multiple testing were used.

Our results indicate that unknown disease processes

in patients with SLE result in GM loss and may

increase headache and migraine susceptibility.
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