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Objective: To assess the benefit of the first infliximab infusion
on sleep disturbances in patients with RA
Material and methods: Evaluation of RA activity, sleepiness
(Epworth scale and multiple sleep latency test), alertness
(steer clear test), and sleep structure (polysomnography)
were conducted before and after the first infusion of
infliximab in six female patients with RA.
Results: The day after the first infliximab infusion, the mean
(SD) number of tender (20 (2.4)) or swollen (15.3 (2)) joints
and the morning stiffness (140 (61.9) min) had not changed.
There were significant improvements in the median number
of total sleep stage transitions per hour (median (IR) before v
after infusion: 20.5 (43) v 7.5 (6); Wilcoxon paired test,
p = 0.014), median percentage of phase I+II (83.5 (8) v 54.5
(24); p = 0.023), percentage of REM stages (2 (10) v 11.5
(8); p = 0.014), median percentage sleep efficiency (44 (22)
v 75 (18); p = 0.014), median sleep latency (77.5 (150) v
25.5 (23) min; p = 0.023), and median number of hits in the
steer clear test (48.5 (86) v 6 (45); p = 0.023). Neither
objective nor subjective daytime sleepiness was noted. One
obese patient had obstructive sleep apnoea syndrome.
Conclusions: Sleep and the alertness disturbances in RA
improve with infliximab treatment. Improvement appears
unrelated to joint discomfort amelioration but suggests a
central effect through inhibition of circulating TNFa levels.

T
umour necrosis factor a (TNFa) mRNA and receptors for
TNFa are expressed in normal as well as diseased brain
tissue.1 In humans and animal models, TNFa is involved

in normal and disturbed sleep. Circulating and locally
produced TNFa, when abnormal, disrupts sleep patterns.2

Studies in rheumatoid arthritis (RA) have documented
disruption in sleep continuity as well as qualitative altera-
tions in the electroencephalographic (EEG) activity.3 There is
a relationship between changes in the structure of sleep and
certain immunological factors. In RA, circulating levels of
TNFa are increased,4 and there has been speculation that the
circulating level of TNFa is one of the elements causing the
sleep disorders that have been noted in patients with this
condition. This study was conducted to assess whether
infliximab, a chimeric monoclonal antibody to TNFa with
proven efficacy in the treatment of RA,5 has an effect on the
disturbances of sleep patterns seen in patients with RA.

PATIENTS AND METHODS
Patients
Six female patients with RA, defined according to the
American College of Rheumatology 1987 revised criteria,
resistant to treatment with methotrexate, who had a large
number of inflamed and painful joints, and who were
scheduled for treatment with infliximab, were asked to

participate in this non-controlled study. The patients had no
history of tobacco use or any metabolic or neurological
abnormality. Table 1 presents further clinical and demo-
graphic data. All participants provided written informed
consent to participation in the study.

Study design
In this non-controlled prospective study, measurements were
conducted during two days of hospitalisation, before (base-
line) and after infliximab infusion. In two patients the study
included an overnight stay on the ward before the infliximab
infusion. Infliximab at a dose of 3 mg/kg body weight was
given intravenously over two hours after the initial baseline
clinical measurements.

Evaluation of RA activity was on the evening before and
the morning after the infliximab administration. Over the
course of the morning, the degree of body stiffness was
described by the patient, the number of tender or painful
joints (possible total 68), the number of swollen joints
(possible total 66), and fatigue measured by a visual
analogue scale were recorded.

The degree of sleepiness was subjectively measured with
the Epworth sleepiness scale.6 The level of vigilance while
driving and the ability of the subject to perform a task
requiring protracted alertness was investigated using a
computer program designed for the task.7 All the patients
were tested before the sleep study as well as before and after
the infliximab infusion between 15 00 and 18 00 hours.
Performance was categorised in three groups according to the
percentage of obstacles hit: normal, ,1.8% of obstacles hit;
poor, between 1.8% and 4.5% of obstacles hit; and very poor
performance, .4.5% of obstacles hit.

Sleep studies were carried out in the sleep unit. An arousal
was defined according to the American Sleep Disorders
Association.8 A standard multiple sleep latency test was
carried out and consisted of a series of 4620 minute nap trials
at two hourly intervals.

Statistical analyses
For descriptive statistics, the median values with interquartile
ranges (IR) were used and the non-parametric Wilcoxon test
for paired samples was used for comparisons.

RESULTS
Table 1 summarises the characteristics of the patients.
Comparison of these clinical measures before and after
infliximab treatment showed no statistically significant
changes

The most significant sleep abnormality, in all patients, was
fragmentation. They had high sleep latency, low sleep
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Abbreviations: EEG, electroencephalography; OSA, obstructive sleep
apnoea; RA, rheumatoid arthritis; TNFa, tumour necrosis factor a
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efficiency, high percentages of phase I+II stages, reduced
deep sleep stages, and an abnormally high number of
arousals (tables 2 and 3), indicating a fragmented and poor
quality sleep. None of the patients showed pathological
daytime sleepiness (table 3). Poor performance in the steer
clear driving test was seen in five patients. Two patients had
the above studies done two nights before the infliximab
infusion and no statistically significant differences were
observed in the recordings. Polysomnography indicated that
one obese patient had obstructive sleep apnoea (OSA)
syndrome.

After infliximab infusion there was a significant improve-
ment in the median number of total sleep stage transitions
per hour (median (IR) before v after infusion 20.5 (43) v 7.5
(6); Wilcoxon paired test, p = 0.014), median percentage of
phase I+II (83.5 (8) v 75 (18); p = 0.023), percentage of REM
stages (2 (10) v 11.5 (8); p = 0.014), median percentage sleep
efficiency (44 (22) v 75 (18); p = 0.014), median sleep latency
in minutes (77.5 (150) v 25.5 (23); p = 0.023) and median
number of hits in steer clear test (48.5 (86) v 6 (45);
p = 0.023).

In the patient with OSA sleep efficiency improved from
67% to 80%, REM stages dropped from 336 minutes to
85 minutes, the number of transition sleep stages decreased
from 11 to 2, and arousals fell from 14 to 4 an hour. These
changes were accompanied by drop in the mean O2

saturation from 91% to 86% and an increase in the
hypopnoea/apnoea index from 55 to 74.

DISCUSSION
In this study we investigated the effect of infliximab on sleep
pattern disturbances in six patients with active RA. Sleep
abnormalities improved after the initial dose of the antibody.
Despite the lack of controls, our data demonstrate sufficient
consistency. Firstly, other studies have reported similar sleep
disturbances in ambulatory and hospitalised patients with
RA.3 Secondly, the ‘‘first night effect’’ is mild and does not
involve sleep disordered breathing and the steer clear test.9

Although patients may sleep better at home, there is no
evidence that it makes any difference when the patterns are
recorded. For example, in two of our patients we made the
recordings two nights before treatment with infliximab and
the analysis indicated no relevant differences. Thirdly,
improvement in our patients was uniform, rapid and
consistent.

EEG and sleep disturbances are common in RA. A possible
explanation is that the disease may cause both pain and sleep
disturbances through the release of cytokines. In another
study in patients with RA using polysomnography,3 sleep was
disrupted regardless of the inflammatory activity of the
disease and, interestingly, most patients had severe sleep
fragmentation. The reported EEG as well as sleep distur-
bances match those seen in our study and, additionally, we
noticed a deterioration of cognitive performance (vigilance
and reaction time) as measured by the steer clear test.
Previous studies have shown that impaired vigilance corre-
lates with sleep fragmentation, which was common in our
patients, but not with daytime sleepiness.10 This would
explain the presence of sleep fragmentation, deterioration
of vigilance, and absence of daytime sleepiness encountered
in all of our patients except the one with sleep apnoea. Taken
together, the information gathered indicates that deteriora-
tion of vigilance was due, at least in part, to sleep
fragmentation.

After infliximab, there was an improvement in the
fragmented and poor quality sleep characterised by high
sleep latency, low sleep efficiency, high percentages of I+II
stages, reduced percentages of deep sleep stages (phase
III+IV), and an abnormally large number of arousals. This
was paralleled by the amelioration of vigilance in the patients
with the more anomalous steer clear test. Of note was the
improvement of vigilance and sleepiness that was seen even
in the patient with OSA despite the increase in the dips in
oxygen saturation and apnoeas. The prompt response to the
antibody suggests that TNFa was a key factor in the sleep
disturbances. Raised circulating levels of TNFa are found in

Table 1 Clinical characteristics of six patients with RA before and after treatment with infliximab

Patient Age (years)

Tender joints (n) Swollen joints (n) Morning stiffness (min)

ESR (mm/1st h)Day 1 Day 2 Day 1 Day 2 Day 1 Day 2

1 65 21 20 19 17 60 45 30
2 42 19 21 15 11 120 90 55
3 32 16 16 14 13 120 120 34
4 62 24 21 16 16 180 180 37
5 52 23 22 13 14 240 240 43
6 71 20 20 14 13 180 180 36

Median (IR) 57 (17) 20.5 (4) 20.5 (1) 15 (2) 13.5 (4) 150 (60) 150 (90) 38.5 (9)

ESR, erythrocyte sedimentation rate.
Day 1 = morning before infliximab infusion; day 2 = morning after infliximab infusion.

Table 2 Sleep parameters of the six patients with RA before and after treatment with infliximab

Patient

Sleep latency (min) REM* latency (min) Sleep efficiency (%) Phase I+II (%) Phase III+IV (%) REM (%)

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1 97 3 186 73 36 86 83 30 7 55 10 15
2 172 36 – 134 39 70 94 37 6 52 0 11
3 197 24 – 288 32 58 84 61 16 22 0 7
4 58 38 – 106 58 68 88 58 12 30 0 12
5 32 13 113 61 55 93 80 51 4 32 16 17
6 24 27 336 85 67 80 80 88 16 6 4 6

Median IR) 77.5 (150) 25.5 (23) – – 44 (22) 75 (18) 83.5 (8) 54.5 (24) 9.5 (10) 31 (30) 2 (10) 11.5 (8)

Pre = the night before infliximab infusion; post = the night after the infliximab infusion.
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RA and other conditions, such as HIV-AIDS, where altera-
tions in sleep have been documented.11 It may be argued that
the benefits observed in sleep improvement result from
improvement in joint inflammation and pain that the patient
experiences. However, a recent report12 found no benefit in
sleep even when a significant clinical improvement in
arthritis was achieved after treatment with tenoxicam.
Additional evidence is our observation of an improvement
in EEG and steer clear test performance which occurred the
night after the infliximab administration, even when there
were no objective signs of joint pain amelioration. Further
support comes from the observation of the positive effect of
infliximab on sleep fragmentation in the patient with OSA.
TNFa induces leptin production,13 whereas a block of TNFa
could cause a drop in leptin concentrations. In humans and
animal models, leptin deficiency appears to have an active
role in OSA,14 but the levels of this oroxigenic peptide were
not measured in our patient. Reduced upper airway muscle
tone is a major cause of OSA. Other common causes in RA,
such as brain stem compression, upper airway obstruction
from micrognathia, and the abuse of alcohol and sedatives or
hypnotic drugs, were not present in our patient. Increasing
respiratory effort is known to induce repeated arousals, and
the number of arousals decreased in all our patients after
infliximab infusion, including the patient with OSA. As a
result, in this patient there was increased apnoea and
recurrent oxyhaemoglobin desaturation. Hence, in patients
with RA who are to be treated with infliximab, a careful
history of sleep alterations needs to be documented so as to
identify those with OSA. Sleep is also regulated by melatonin
and the nocturnal levels of this peptide are increased in RA.15

Whether the improvement of sleep parameters relates to the
modulation of melatonin through TNFa is unknown at
present.

In summary, the results of this study suggest that the sleep
and alertness disturbances in patients with RA improve with
the use of infliximab. In patients with RA who have OSA
oxygen desaturation may worsen despite this improvement
in sleep structure. The improvement does not appear to
reflect joint pain amelioration but seems rather to be a central
nervous system effect due to inhibition of raised circulating
levels of TNFa. It should be noted that the results were
obtained in a group of patients with well documented RA
with persistent activity despite treatment with a disease
modifying drug and that these preliminary conclusions
pertain exclusively to this selected patient group. Our results
need further confirmation in a more extensive controlled
study.
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Table 3 Sleep and alertness parameters of the six patients with RA before and after treatment with infliximab

Patient

Arousals/h SST/h Steer clear hits* Epworth scale* Fatigue scale*

Pre Post Pre Post Day 1 Day 2 Day 1 Day 2 Day 1 Day 2

1 45 8 30 16 171 92 7 4 5.2 5
2 15 11 62 7 96 48 6 6 5.9 6
3 7 9 9 6 19 3 4 4 3.5 3
4 9 11 54 12 37 2 3 4 7 6.4
5 10 5 11 8 3 6 3 2 5.1 5.6
6 14 4 11 2 60 6 14 4 5.6 5.5

Median (IR) 12 (6) 8.5 (6) 20.5 (43) 7.5 (6) 48.5 (86) 6 (45) 5 (4) 4 (0) 5.4 (0.8) 5.7 (0.6)

Pre = the night before infliximab infusion; post = the night after infliximab infusion; day 1 = morning before infliximab infusion; day 2 = morning after infliximab
infusion; SSR, sleep stage transitions.
*See text for descriptions.
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