
Subjective and Objective Dysfunction in Sleep in Female Fibromyalgia Patients vs Healthy Controls
Kati Thieme, PhD1, Anna-Lena Zeiler, MD1,2, Marc G. Mathys, JD1, Ullrich Koehler, MD2, Karl Kesper2, Werner Cassel2, Dennis C Turk3

1Department of Medical Psychology at Philipps University Marburg, Germany, 2Center for Sleep Medicine at Philipps University Marburg, Germany, 3University of Washington, Seattle, USA

Method

.

Background and Aim

.

Results - Objective Sleep Changes
Multivariate analysis showed that groups differed in polysomnographic parameters (P=0.008) after
accounting for age, body mass index, and antidepressant consumption. Specifically, FM patients
showed significantly a greater percentage of stage N1 phases (5%) and wakefulness. In contrast to
our hypothesis, the FM patients displayed more deep sleep phases over the entire night.
Unexpectedly, that high number of deep phases arose during the 2nd half of the night (64%) and
was significantly higher than in the 1st half (48%, P < 0.002) in contrast to a normal sleep pattern
that is characterized by significant more deep sleep phases in than 1st half of the night. Sleep efficacy
as a ratio of awake and deep sleep phases measured with EEG was significantly lower than in HCs
(P<0.01). The sleep architecture was dysfunctional. Importantly, BRS and HRV measured during the
day and during the night were significantly lower for FM patients than HCs (all Ps<0.001).

Conclusion
Our results show that FM patients display lower subjective sleep quality characterized by more
awakening phases, shifted deep sleep phases, low sleep efficacy with diminished BRS and HRV.
Further studies can test the sensitivity and specificity of objective variables in sleep disturbances of
FM patients as potential classification criteria for FM.
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180 eligible
68 excluded
66 did not meet the criteria
2 refused participation

112 randomized

FM = 75 HC = 37

Figure 8: Differences of Pain Intensity (P= 0.003), Baroreflex Sensitivity (P < = 0.024) and HRV (HF %, P 
= 0.015) in FM and HC
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We found significant correlations between pain intensity measured with MPI and awaking time (EEG) as
well as self-reported sleep latency (PSQI). Awakening time, reduced deep sleep phases in the 1st half of
the night, and sleep latency explained 49% of the variance of pain intensity (adjusted R2 = 0.49, P < 0.001).

Figure 6: Percentage of N1 in FM and HC 
during the entire night measured with EEG

Figure 7: Percentage  of deep sleep phases, during 
the 1st and 2nd half of the night in FM and HC

N1- Duration 17,5 min 4.5 % TST
N2- Duration 190 min 49.2 % TST
N3- Duration 87 min 22.5 % TST
REM- Duration 92.5 min 23.9 % TST
Deep Sleep Phases 1st HN 50 %
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Figure 2: Hypnogram 1 of a FM patients with abnormal distribution of deep sleep phases

Figure 3: Hypnogram 2 of a FM patient with a low number of deep sleep phases

Hypnograms of two cases with Sleep Disturbances caused by disturbed Sleep Architecture
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Result – Differences in subjective Sleep Quality in FM Patients vs HCs
For FM, the PSQI total score was significantly higher (57%) with significantly more sleep latency, quality, duration, and efficacy
disturbances vs HCs (all Ps<0.001). FM reported taking significantly more sleep medications, daily feelings of tiredness, and more
sleep disturbances than HCs (all Ps < 0.01). Further, only 10% of FM patients reported to be a ‘Good Sleeper’ vs 78% in the HC group.

Figure 5: Characteristics of Sleep behaviors in FM and HCFigure 4:Disturbed Sleep Quality

FM = 11

Measurement:
PSQI, BRS, HRV

SLEEP-LAB

N1- Duration 55 min 11,5 % TST
N2- Duration 261 min 54.4 % TST
N3- Duration 66.5 min 13.9 % TST
REM- Duration 97.5 min 20.3 % TST
Deep Sleep phase 1st HN 100 %

Figure 1: Consort Diagram
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Figure 6: Good Sleeper
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Fibromyalgia (FM), characterized by widespread pain, cognitive symptoms, unrefreshed
sleep, and fatigue, is affected by central nervous system (CNS) disturbances. About 95% of
FM patients report sleep problems. CNS disturbances effect the sleep-wake cycle with
poor sleep quality, nonspecific pain, fatigue, and psychological distress. Dysfunctional
sleep architecture is associated with the maintenance and exacerbation of pain and
fatigue. Approximately 95% of FM patients report sleep problems. We investigated
subjectively reported sleep variables (i.e., sleep quality, duration) and objectively recorded
sleep variables (i.e., architecture, sleep efficacy). Further, baroreflex stimulation (BRS), and
heart rate variability (HRV) were measured. Disturbed sleep is related to a diminished BRS
and reduced HRV as regulatory capacity. In healthy individuals, baroreceptors delay signals
to the dorsal medial nucleus tractus solitari (dmNTS) that regulates sleep, pain and blood
pressure (BP). When the BRS is diminished the dmNTS function is limited. We wanted to
find out how subjective and objective sleep variables are related to explore the
psychobiological mechanism of sleep problems that more than 90% of FM patients suffer
from. We hypothesized that FM patients would report shorter sleep duration, lower,
efficacy, and quality, a lower rate of 'Good Sleeper' as healthy controls. For objective
variables, we hypothesized dysfunctional sleep architecture with a lower rate of deep
sleep phases, lower BRS, and HRV in comparison to healthy controls {HC). Further, we
hypothesized a high association between disturbed sleep and pain intensity in FM patients

Inclusion criteria: 2016 ACR criteria and 11 tender points. Exclusion criteria: nephrological,
oncologic, inflammatory rheumatic diseases, major depression and personality disorders,
and medication that reduces BRS (e.g., opioids, antidepressants, and selective beta-
blockers). For subjective variables, we evaluated self-report sleep quality, latency, duration,
and efficacy, sleep disturbances, daily tiredness, and sleep medication use in 75 female FM
and 37 HC using the Pittsburgh Sleep Quality Index (PQSI) and the Multidimensional Pain
Inventory (MPI). For objective variables, BRS and HRV (HF, pNNSO, rmSSD) were measured
during the day in a 6-phase, psychophysiological stress assessment: Baseline, Relaxation1,
Mental Arithmetic, Relaxation2, Pain Induction, Relaxation3. In a laboratory sleep phases
and sleep efficacy were evaluated on 2 consecutive nights 11 using Polysomnography
Embla N 7000 (AASM 2012 rules) and HRV. Additionally, BRS was measured throughout the

night using Portapres for a continuous BP measurement.

This hypnogram shows a disturbed
sleep Architecture and abnormal
distribution of deep sleep phases,

The average number of deep sleep
phases is normal (N1, N2, N3),
however there is a disturbed sleep
architecture with a low number of
deep sleep phases.

There is significant heterogeneity in
sleep disturbances among female
FM patients.


