
Impaired Sleep Quality in Fibromyalgia: Detection and
Quantification with ECG-based Cardiopulmonary Coupling
Spectrograms

Robert Joseph Thomas, M.D.*,
Division of Pulmonary, Critical Care & Sleep, Department of Medicine, Beth Israel Deaconess
Medical Center & Harvard Medical School, Boston, Massachusetts

Joseph E. Mietus, B.S.,
Division of Interdisciplinary Medicine and Biotechnology, Beth Israel Deaconess Medical Center &
Harvard Medical School and the Wyss Institute for Biologically Inspired Engineering at Harvard
University Boston, Massachusetts

Chung-Kang Peng, Ph.D.,
Division of Interdisciplinary Medicine and Biotechnology, Beth Israel Deaconess Medical Center &
Harvard Medical School and the Wyss Institute for Biologically Inspired Engineering at Harvard
University Boston, Massachusetts

Ary L. Goldberger, M.D.,
Division of Interdisciplinary Medicine and Biotechnology, Beth Israel Deaconess Medical Center &
Harvard Medical School and the Wyss Institute for Biologically Inspired Engineering at Harvard
University Boston, Massachusetts

Leslie J. Crofford, M.D., and
Division of Rheumatology & Women’s Health, Department of Internal Medicine, University of
Kentucky, Lexington, Kentucky

Ronald D. Chervin, M.D., M.S.
Sleep Disorders Center, Department of Neurology

To the Editor
Impaired subjective sleep quality is a major clinical symptom of fibromyalgia (FM).1
Electroencephalographic (EEG) features such as the alpha-delta sleep pattern2 and cyclic
alternating pattern (CAP) 3 have been proposed as markers of disturbed sleep in FM. A single-
lead continuous electrocardiogram (ECG) 4 can be used to generate an automated “sleep
spectrogram,” based on mathematical analysis of the coupling between heart rate variability
and the respiratory modulation of QRS waveform on a beat-to-beat basis. The method permits
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assessment of high and low frequency cardiopulmonary coupling regimes. These do not
correlate with standard NREM stages or delta power, but with non-CAP and CAP EEG,
respectively.

In a case-control design, we retrospectively analyzed continuous ECG recordings collected
during polysomnography (PSG) from 14 patients with FM and 13 matched controls. As
previously reported,5 these data sets did not reveal differences in conventional PSG measures.
We report here (Table 1 and Figure 1) that elevated-low frequency coupling (the minimum
low-frequency power be > 0.05 normalized units and that the low to high frequency ratio be
>30), a distinct sleep spectrogram finding that correlates with manually scored apneas and
hypopneas6, was significantly increased in fibromyalgia patients (Mann-Whitney test p=0.03).
Using a minimum threshold of 50% high frequency coupling (selected based on a 48% mean
among 2,747 Sleep Heart Health Study subjects with ≤ 5 apneas or hypopneas per hour of
sleep), fibromyalgia patients were significantly less likely than controls to have stable sleep
(Pearson Chi2 = 4.6; p=0.03). Two-week pain diary scores completed by the subjects correlated
in expected directions with both high and elevated-low frequency coupling (Spearman rho=
−0.35, p=0.03 and rho=0.44, p=0.01, respectively).

Fine differences extractable from the EEG may not be possible from the ECG-based method,
due in substantial part to the sampling/scoring windows, one-minute non-overlapping window
for the EEG and 8.5-minute windows advancing by 2.1 minutes for the ECG-based
spectrograms. This overlapping window procedure can be a limitation, by not allowing finer
resolution, but a strength, by allowing estimates of mean state-related activity.

Wake-promoting influences may be excessively active during sleep in FM and could reflect
increased traffic in nociceptive afferents or enhanced central nociceptive processing. The EEG-
CAP approach, unlike the ECG-based approach, does not factor in respiratory influences on
state. The fact that both ECG and EEG approaches yield consistent findings in this syndrome
further solidifies the hypothesis of altered sleep stability in fibromyalgia.

Sleep spectrograms may provide low-cost, clinically useful insight into abnormal sleep in FM,
and possibly into monitoring the effects of therapy.
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Figure. Sleep spectrogram in a healthy (left) and a fibromyalgia (right) subject
Note the dominance of high frequency coupling, which occurs periodically across the entire
night in the healthy subject. This finding is distinct from slow wave sleep or delta power
distributions, which are concentrated in the first half of the night. Note the paucity of time spent
in high frequency coupling in the fibromyalgia patient. On the Y axis is plotted the log
frequency representation of the coupling frequencies to allow differentiation of high frequency
(HF), low frequency (LF) and very low frequency (VLF) bands; elevated-LFC is a subset of
LFC. VLFC periods correlate with wake, REM or sleep-wake transitions.
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Table 1

ECG-derived sleep spectrogram and fibromyalgia

Spectrogram output Fibromyalgia patients (Mean ± S.D.)1 Control subjects (Mean ± S.D.)1
P value (rank-sum
test)

High frequency coupling 30.8 ± 26.7 47.8 ± 21.5 0.08

Low frequency coupling 50 ± 24 34 ± 19 0.1

 elevated-low frequency coupling 25.6 ± 18.5 12.4 ± 10.8 0.03

Very low frequency coupling 17.19 ± 8.7 17.18 ± 5.3 0.6

1
% of signal windows in the sleep period
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