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Abstract
Objectives
Fatigue is a common complaint of patients with primary Sjogren’s syndrome (pSS), systemic lupus erythematosus (SLE),
and rheumatoid arthritis (RA). The aim of this study was to examine and compare in patients with these diseases the course
of fatigue within the first hour after awakening and during the day, and to examine sleep disturbance as a potential
determinant of fatigue.

Methods
Eight repeated measurements at 5 fatigue dimensions were assessed on 2 consecutive days in the natural environment of
female patients with pSS (n=29), SLE (n=23), RA (n=19), and healthy women (n=52). Sleep disturbance of the previous
night was assessed. Fatigue levels and the change of fatigue after awakening and during the day were analysed with
analyses of variance (adjusted for age).

Results
The patients showed significantly elevated levels at all fatigue dimensions as compared to healthy participants. Fatigue
levels decreased in the first hour after awakening in patients with SLE and RA, but increased or did not change in patients
with pSS. Fatigue progressively increased during the remainder of the day for all patient groups. Sleep disturbance
correlated with overall fatigue levels, but hardly with the change of fatigue within the first hour after awakening.

Conclusion
Our study confirms the presence of increased fatigue in patients with pSS, SLE, and RA. Patients with pSS failed to show
a decrease in fatigue in the first hour after awakening. Future research should examine the causes of this difference in
fatigue after awakening.
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Introduction

Primary Sjogren’s syndrome (pSS),
systemic lupus erythematosus (SLE),
and rheumatoid arthritis (RA) are
systemic autoimmune diseases with
a female preponderance. In patients
with pSS, lymphocyte infiltration of
exocrine glands results in the hallmark
symptoms dryness of the eyes (kerato-
conjunctivitis sicca) and mouth (xeros-
tomia) (1). SLE is a classical systemic
immune complex disease with a broad
range of clinical presentations such as
the inflammation of joints, skin, mu-
cosal membranes, pleural and pericar-
dial membranes, and kidneys (2). The
core feature of RA is inflammation of
the joints (3). Fatigue has been identi-
fied as a major and common complaint
with clear consequences for health-re-
lated well-being and functioning, and
work ability in patients with pSS (4-
10), SLE (11-13) and RA (14-18).
Fatigue is a disease-related symptom
that varies during the day (19-20). After
awakening, fatigue usually decreases
to its lowest level before noon and then
increases (21). Deviations in fatigue
levels and variability of fatigue across
the day may be affected by sleep distur-
bance (22-24) due to symptoms such as
pain and dryness (25) or by changes in
the regular 24-hour (circadian) rhythms
of the hypothalamus-pituitary-adrenal
(HPA) axis and cytokine system (26).
In rheumatic diseases, a dysfunctional,
cyclical pattern of heightened nighttime
pain, non-restful sleep, and increased
chronic fatigue has been described (27-
28). Whether sleep disturbance affects
the variability of fatigue during the day
in rheumatic diseases has not yet been
investigated.

The current study involves an analysis
of the combined samples of female pa-
tients with pSS, SLE, RA and a healthy
control group from previous research
(20, 28). Fatigue was measured at
eight repeated time points across the
day on two consecutive weekdays in
the patient’s natural environment. Our
aim was to compare between these pa-
tient groups the change in fatigue after
awakening and during the day at mul-
tiple dimensions of fatigue, and to ex-
amine sleep disturbance as a potential
determinant of fatigue.
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Materials and methods

Participants

The study involved 123 female par-
ticipants (=18 years): 29 patients with
pSS, 23 patients with SLE, 19 patients
with RA, and 52 healthy control partic-
ipants. The participants came from two
previous studies (20, 28) with five ad-
ditional patients (1 with pSS and 4 with
SLE) who enrolled after the report of
the previous study. Patients with pSS
met the European classification crite-
ria for Sjogren’s syndrome (1) and had
a lymphocyte focus score of at least
1 on a salivary gland biopsy. Patients
with SLE and RA fulfilled the revised
American College of Rheumatology
(ACR) criteria for SLE (29) and RA
(3), respectively. The patients with pSS
and SLE were enrolled from the outpa-
tient clinic of the Department of Rheu-
matology and Clinical Immunology at
the University Medical Centre (UMC)
Utrecht and had agreed to participate
in a study that compared effects of oral
administration of dehydroepiandroster-
one and placebo on fatigue and general
well being (30). The data were collect-
ed before the start of this treatment. The
patients with RA were recruited from
an ongoing population-based study
among outpatients with recent-onset
RA (31). The healthy control group
was comprised of age-matched healthy
female participants from the two stud-
ies, mostly neighbours and family of
the patients to match socioeconomic
status (20, 28). The study protocols
were approved by the Medical Ethics
Committee of the UMC Utrecht, and
all participants completed an informed
consent form.

Procedure

Assessments were taken in the natural
environment of the participants on two
consecutive week days using an identi-
cal assessment procedure. On each day
participants were alerted by a beep from
a preprogrammed wristwatch at eight
time points: 15, 30 and 45 minutes after
awakening, and 10:00 am, 12:00 pm,
2:30 pm, 5:00 pm and 7:30 pm. At each
time point, participants answered ques-
tions on fatigue in a booklet. On the
evening prior to the start of the assess-
ments, each participant was visited at



her home by a research assistant, who
explained the procedure. Participants
were instructed to continue their usual
sleeping, activities and working rou-
tines during the study. A short instruc-
tion manual was left at their homes dur-
ing the time of the study.

Measures

At each beeped time point, fatigue was
assessed with the five most character-
istic items of the Multidimensional Fa-
tigue Inventory (MFI) (32). The items
are: ‘I feel tired’ (General Fatigue),
‘Physically, I feel able to do only a
little’ (Physical Fatigue), ‘I feel very
active’ (Reduced Activity, (reversed
item)), ‘I am not up to much’ (Reduced
Motivation), and ‘Thinking requires
effort’ (Mental Fatigue). The response
format was a five-point Likert scale that
ranged from ‘0 = very much’ to ‘4 =
not at all’ in the booklets of the patients
with RA and from ‘1 = very much’ to
‘5 = not at all’ in the booklets for the
patients with pSS and SLE. All scores
were recorded from O (no fatigue) to
4 (severe fatigue). At 30 minutes after
awakening, participants completed a
15-item Dutch questionnaire on sleep
quality to assess quantitative and quali-
tative aspects of sleep of the past night
(33). The response format was a di-
chotomous scale with ‘0 = no’ and ‘1
=yes’. Scale scores could range from 0
(‘high sleep quality’, i.e. ‘no sleep dis-
turbance’) to 15 (‘low sleep quality’,
i.e. ‘high sleep disturbance’).

Statistical analyses

The score distributions of fatigue and
sleep disturbance scores were normal
in the three patient groups: the skew-
ness of the score distributions of indi-
vidual mean scores across the sixteen
repeated assessments of fatigue was
between 0.004 for mental fatigue in the
RA group and 0.90 for mental fatigue in
the SLE group. The score distributions
in the healthy group were not normal:
the skewness varied from 1.66 for gen-
eral fatigue to 2.82 for mental fatigue
reflecting that most healthy participants
reported no or hardly any fatigue. The
internal consistency reliability of the
repeated assessments of fatigue across
the sixteen measurements was good:
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Table I. Participant characteristics.

pSS SLE RA Healthy Comparison
n=29 n=24 n=19 n=52

Age (years) F=3.64
Mean 533 43.6 54.8 512 p=0.02
SD 13.8 11.7 13.1 12.1

Marital status (%) %*=3.33
Unmarried 517 3 (13) 1 (5) 5 (10) p=0.75
Married 19 (66) 16 (67) 16 (84) 41 (79)
Widowed/divorced 4 (14) 4 (17) 2 (11) 5 (10)

Unknown 1(3) 14 0 (0) 1 (2)

Employment (%) %*=19.39
Employed 7 (24) 13 (54) 1 (5 27 (53) p<0.001
Unemployed 18 (62) 8 (33) 18 (95) 22 (42)

Unknown 4 (14) 3 (13) 0 (0) 3 (6)

Education level (%) x>=15.45
Primary 517 3 (13) 11 (58) 12 (23) p=0.02
Secondary 17 (59) 17 (71) 6 (32) 26 (40)

Tertiary 7 (24) 4 (17) 2 (11) 13 (25)

Unknown 0 (0) 0 (0) 0 (0) 1 (2)

Disease duration (years) F=28.37
Mean 6.0 12.5 0.6 - p<0.001
SD 5.6 6.5 04 -

Cronbach’s alpha ranged from 0.95 to
0.99 in the three patient groups.

Three effects of fatigue were exam-
ined: 1) the group effect, examining
differences between participant groups
in overall fatigue levels across the time
points, 2) the time point effect, exam-
ining whether fatigue varied between
time points in the first hour after awak-
ening and during the day, and 3) the
group x time point interaction effect,
examining whether the three patient
groups showed a different variability of
fatigue in the first hour after awakening
and during the day. The first effect was
examined with Kruskal-Wallis one-
way analysis of variance by ranks. The
second and third effects were examined
with repeated measures analyses of
variance with day (2 levels) and time-
of-day (3 levels in case of fatigue in the
first hour after awakening, and 6 levels
in case of variability of fatigue across
the day) as within-subject factors and
disease (SS, SLE, RA) as between-
subject factor. In case of non-spheric-
ity, the Greenhouse-Geisser correction
was applied. The healthy control group
was excluded in these repeated meas-
ures analyses because of the relatively
small and insignificant shifts in fatigue
in this group and the skewed score dis-
tribution. The repeated measures anal-
yses of variance were adjusted for age
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differences between groups by entering
age as a covariate.

Differences between participant groups
in sleep disturbance were examined
with Kruskal-Wallis one-way analysis
of variance by ranks. The association
between sleep disturbance and overall
fatigue levels and the change in fatigue
in the first hour after awakening were
examined within the total patient group
through Pearson’s partial correlations
for the two days separately while ad-
justing for age. The change in fatigue
in the first hour after awakening was
defined as the fatigue level 45 minutes
after awakening minus the fatigue level
15 minutes after awakening.

In case of incidental missing values
of fatigue scores (a maximum of 2 in
pSS, 1 in SLE, and 2 in RA), analyses
were conducted without these patients.
A p-value <0.05 was considered to be
significant.

Results

Table I describes the participant char-
acteristics. The patients with SLE were
significantly younger than the three oth-
er groups (p=0.02). The majority of pa-
tients with SLE and healthy control pa-
tients were employed, whereas relative-
ly few patients with pSS and RA were
employed (p<0.001). The patients with
RA had more frequently primary edu-
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Table II. Median levels and interquartile ranges of the five fatigue dimensions and sleep

cation as the highest educational level
(»=0.02) compared to the other three
groups. The patient groups differed in
terms of disease duration (p<0.001) as
a result of the different focuses of the
two studies: the RA study focused on
patients with a recent diagnosis, where-
as the SLE and pSS study included pa-
tients with established disease.

Overall fatigue levels and

sleep disturbance

Table II describes for each group the
median levels of the five fatigue di-
mensions across the sixteen measure-
ments at the two days and of sleep dis-
turbance. As compared to the healthy
control group, the three patient groups
showed significantly elevated overall
levels at all fatigue dimensions as well
as significantly more sleep disturbance
(p<0.001 for all variables). The disease
groups did not significantly differ from
each other on any of these variables (all
p-values =0.13).

Fatigue variability

Figures 1 and 2 show the variability of
fatigue in the first hour after awaken-
ing and the variability of fatigue during
the day at the five fatigue dimensions
in the three patient groups as well as
in the healthy control group. The verti-
cal axis represents the scores on a fa-
tigue dimension and the horizontal axis
represents the time across the day. The
healthy control group always had the
lowest levels and a low variability of
scores across the day. For this reason,
the healthy control group was not in-
cluded in the repeated measures analy-
ses of variance.

Fatigue after awakening

The fatigue levels of the three patient
groups in the first hour after awakening
are shown in Figure 1. A significant or
almost significant decrease in fatigue
in the first half hour after awaken-
ing was observed for three of the five
fatigue dimensions: general fatigue
(p=0.053), physical fatigue (p=0.003),
and reduced activity (p=0.049).
Significant interaction effects between
the type of disease and the time after
awakening indicate that the pattern
of change in fatigue after awakening

disturbance of the four groups.

pSS SLE RA Healthy Com-
n=27-29 n=23-24 n=18-19 n=52 parison
Median (range) Median (range) Median (range) Median (range)
General fatigue 23 (1.9-34) 19 (14-27) 23 (0829 02(0.0-06) K=675*
Physical fatigue 1.9 (1.3-3.1) 1.3 (0.6-2.0) 1.6 (03-2.8) 0.0 (00-03) K=57.8"
Reduced activity 1.8 (1.0-2.9) 1.3(0.3-1.8) 2.1 (02-2.6) 00 (00-04) K=540*
Reduced motivation 1.5 (0.8-2.6) 1.1 (0.3-19) 1.6 (02-2.8) 0.0 (0.0-0.3) K=44.5*
Mental fatigue 13 (05-26) 08 (0.0-1.7) 2.1 (0.1-2.8) 0.0 (0.0-0.3) K=35.6
Sleep disturbance 60 (45-80) 55(40-70) 50 (20-75) 23(05-55) K=239*

*»<0.001

differs between the patient groups.
Such a significant interaction was dem-
onstrated for general fatigue (p=0.006),
physical fatigue (p=0.01), reduced ac-
tivity (p=0.02), and reduced motivation
(p=0.006). With respect to general and
physical fatigue, the patients with pSS
differed significantly from both the pa-
tients with SLE (p=0.001 and p=0.03)
and the patients with RA (p=0.02 and
p=0.01). For these two variables, the
patients with SLE and the patients with
RA on average displayed a decrease in
fatigue after awakening (45 min. level
minus 15 min. level across two days),
whereas the patients with pSS on aver-
age displayed an increase in fatigue. A
decrease in general fatigue across the
two days was observed in 58% and 47%
of the patients with SLE and RA, and
in 10% of the patients with pSS; an in-
crease in general fatigue was shown by
4% (SLE),21% (RA),and 38% (pSS) of
the patients. A decrease in physical fa-
tigue across the two days was observed
in 38% (SLE), 42% (RA), and 18%
(pSS); an increase in 13% (SLE), 11%
(RA), and 36% (pSS). Also in case of
reduced activity, the patients with pSS
differed significantly from the patients
with SLE (p=0.03) and the patients with
RA (p=0.006). The patients with SLE
and RA on average showed a decrease
after awakening, whereas the patients
with pSS on average did not change.
A mean decrease in reduced activity
across the two days was observed in
58% (SLE), 53% (RA), and 19% (pSS);
anincrease in 8% (SLE), 11% (RA), and
30% (pSS). For reduced motivation, the
patients with RA on average showed a
decrease after awakening, whereas the
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patients with pSS on average showed
a small increase (p=0.006). A decrease
in reduced motivation across the two
days was observed in 33% (SLE), 53%
(RA), and 14% (pSS); an increase in
8% (SLE), 5% (RA), and 29% (pSS).
There was neither a significant effect of
time-of-day nor a significant interaction
effect between disease group and time-
of-day for mental fatigue. A decrease in
mental fatigue across the two days was
observed in 29% (SLE), 47% (RA), and
18% (pSS); an increase in 17% (SLE),
16% (RA), and 25% (pSS).

Variability of fatigue during the day
The fatigue scores of the three patient
groups during the day are shown in
Figure 2. A significant progressive in-
crease in fatigue during the day in the
three patient groups was observed for
three of the five fatigue dimensions:
general fatigue (p<0.001), physical
fatigue (p=0.009), and mental fatigue
(p=0.01).

Tests of the interaction between the pa-
tient group and fatigue levels during the
day were not significant, with mental
fatigue as the only exception (p=0.048).
The patients with RA showed steady
levels of mental fatigue during the day
as compared to the slightly increasing
levels of mental fatigue in the patients
with pSS (p=0.051).

Sleep disturbance

To examine whether fatigue levels and
fatigue variability were due to sleep
disturbance, correlations were com-
puted in the total patient group. Sleep
disturbance was significantly associat-
ed with the overall levels of all fatigue
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dimensions, except mental fatigue at
day 1 (=0.20, p=0.10). The signifi-
cant Pearson’s partial correlation coef-
ficients (adjusted for age) ranged from
r=0.27 (p=0.02) for mental fatigue at
day 2 to r=0.44 (p<0.001) for physical
fatigue at day 2: more sleep disturbance
was associated with more severe fa-
tigue during the day. Sleep disturbance
did not significantly correlate with the
change in fatigue in the first hour after
awakening (r varied from -0.04 for re-

duced activity at day 2 to 0.16 for men-
tal fatigue at day 2, p=0.19).

Discussion

This study compared overall fatigue
levels and the change in fatigue in the
first hour after awakening and during
the day in patients with primary Sjo-
gren’s syndrome, systemic lupus ery-
thematosus, and rheumatoid arthritis.
Fatigue levels did not differ between the
three patient groups, but fatigue levels
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in all patient groups deviated a lot from
the fatigue levels in the healthy control
group. These results replicate previous
observations of elevated fatigue levels
in patients with pSS, SLE and RA (5,
11, 15). This confirms that fatigue is a
major problem in patients with these
rheumatic diseases.

As awakening is a rather uniform stres-
sor for all participants, it offers an op-
portunity to examine the variability of
fatigue. Fatigue usually decreases im-
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mediately after awakening (21, 34). In
the current study, during the first hour
after awakening, fatigue decreased
in the patients with SLE and RA, but
it increased or did not change in the
patients with pSS. Sleep might have
been less refreshing for patients with
pSS. Disturbed sleep in pSS patients
may occur because they either drink so
much during the day that they have to
empty their bladder during the night, or
because they awake due to oral dryness
because of reduced submandibular and
parotidal flow (35-37). Abnormal elec-
troencephalographic patterns have sug-
gested problems in the sleep recovery
phase of patients with pSS (38-39).
However, in the current study, self-re-
ported sleep disturbance did not differ
between the three patient groups, and
sleep disturbance was not associated
with the change in fatigue in the first
hour after awakening.

The HPA axis is activated in autoim-
mune diseases, and the HPA axis ac-
tivity has been implicated in fatigue
and sleep disturbances (40). Elevated
cortisol levels in the afternoon and
evening have been found in patients
with RA (41-42), whereas in patients
with pSS relatively low cortisol levels
were observed in the afternoon (43).
The increased cortisol secretory activ-
ity during the first 45 minutes follow-
ing awakening, the cortisol awakening
response, is an important feature of
neuroendocrine rhythmicity and has
been recognised as a potentially valu-
able biological marker of health status
(44). A failure of this adaptive response
in patients with pSS perhaps explains
the absence of a decrease in fatigue in
the first hour after awakening.
Cytokines play a key pathological role
in chronic rheumatic diseases. Both
cytokines and disease-related symp-
toms such as fatigue and stiffness ex-
hibit circadian rhythms (19), and cy-
tokines, sleep disturbance, and fatigue
are known to be mutually related (45).
We found that the overall fatigue levels
were high in patients with pSS, SLE
and RA, and that fatigue levels progres-
sively increased during the day. How-
ever, except for the change in fatigue
in the first hour after awakening in pa-
tients with pSS, the pattern of change

in fatigue throughout the day seemed
not to be influenced in these auto-im-
mune diseases.

Although fatigue is indisputably an
adverse consequence of the disease
process, psychological factors, such as
physical activity avoidance (46) and
helpless cognitions (5), also impact on
fatigue. Moreover, positive effects on
fatigue have been found for physical
exercise therapy in patients with pSS
and SLE (47-48) and RA (49), for cog-
nitive-behavioural therapy in patients
with RA (50), and for sleep hygiene
training (51). This suggests that the
most promising venue to manage fa-
tigue at this moment appears to be by
cognitive and behavioural means.

A strength of this study is the use of
momentary assessments, which have
high validity for daily life and minimise
recall bias compared to retrospective
questionnaires (52). We statistically
adjusted the results for the age differ-
ences between groups, but a weakness
of the study which hampers the com-
parison between groups is that select-
ed patients with pSS or SLE who had
agreed to participate in a study aimed
at a reduction of fatigue were compared
to unselected patients with RA. Moreo-
ver, the patients with RA had shorter
disease duration than the patients with
pSS and SLE, and only pSS patients
with a lymphocyte focus score of at
least 1 on a salivary gland biopsy were
included, which hampers generalisation
to the total population of pSS patients.
A further drawback is the small sample
size. Using power analysis calculations
with an o-level of 0.05 and a power
(1-B) of 0.80, the sample size was just
not large enough to discover large dif-
ferences between groups in univariate
analysis of variance and thus prohibits
the generalisation of these results to the
findings of small or medium differences
between groups. However, in repeated
measures analyses of variance with an
auto-correlation of 0.60 between re-
peated fatigue assessments, with our
sample size we were able to examine
differences that are in between a small
and medium effect size (53).

In conclusion, our study confirmed the
presence of elevated fatigue levels dur-
ing the day in patients with pSS, SLE
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and RA and demonstrated an influence
of sleep disturbance on overall fatigue
levels. For some patients, fatigue dur-
ing the day may be such a major prob-
lem that education and cognitive-be-
havioural, physical exercise, or sleep
hygiene interventions could be tried
to help patients to deal with fatigue.
Patients with pSS failed to show a de-
crease in fatigue in the first hour after
awakening. Future research should ex-
amine the causes of this difference in
the course of fatigue after awakening.
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