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m ABSTRACT

Background and Objectives: Insomnia is the most prevalent sleep disorder in the general population and is considered to be
a disorder of hyperarousal. The aim of this study was to measure the psychophysiological responses in insomnia patients us-
ing a biofeedback system, and to compare them with results from normal healthy subjects.

Materials and Methods: Eighty patients with primary insomnia (35 males and 45 females, average age 49.71 + 12.91 years)
and 101 normal healthy controls (64 males and 37 females, average age 27.65 + 2.77) participated in this study. Electromyog-
raphy (EMG), heart rate (HR), skin conductance (SC), skin temperature (ST), and respiratory rate (RR) were recorded using a
biofeedback system during 5 phases (baseline, stress 1, recovery 1, stress 2, recovery 2) of a stress reactivity test, and average
values were calculated. Difference in values between the two groups in each corresponding phase was analyzed with independent
t-test, and change in values across phases of the stress reactivity test was analyzed with paired t-test (all two-tailed, p <0.05).
Results: Compared to normal controls, insomnia patients had higher EMG in all 5 phases (baseline : 7.72 + 3.88 uV vs. 4.89 + 1.73
uV, t=—6.06, p<0.001 ; stress 1:10.29 + 5,16 pV vs. 6.63 + 2.48 pV, t = —5.84, p<0.001 ; recovery 1:7.87 £ 3.86 uVvs. 517 +
217V, t=-5.61,p<0.001 ; stress 2 : 10.22 + 6.07 YV vs. 6.98 £ 2.98 pV, t = —4.37, p<0.001 ; recovery 2 : 7.88 £ 4.25 yV vs.
517 +1.99 v, t = —=5.27, p<0.001). Change in heart rate across phases of the stress reactivity test were higher in normal con-
trols than in insomnia patients (stress 1-baseline : 6.48 + 0.59 vs. 3.77 + 0.59, t = 3.22, p = 0.002 ; recovery 1- stress 1: —5.36 +
0.059vs. —=3.16 + 0.47,t=2.91,p =0.004 ; stress 2-recovery 1:8.45 + 0.61 vs. 4.03 £ 0.47,t=5.72, p<0.001 ; recovery 2-stress 2 :
—8.56 £ 0.65vs. 4.02 + 0.51,t=-5.31, p<0.001).

Conclusion: Psychophysiological profiles of insomnia patients in a stress reactivity test were different from those of normal
healthy controls. These results suggest that the sympathetic nervous system is more highly activated in insomnia patients.
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Table 1. Comparison of demographics and biofeedback parameters during stress reactivity test between insomnia patients and
normal healthy confrols

Normal (n = 101) Insomnia (n = 80) t, o p-value
Age 27.65 + 2.77 49.71 + 1291 —15.01 <0.001
Sex (M/F) 64/37 35/45 6.93 0.011
Insomnia severity index 401 £ 2.65 19.7 £ 411 —16.01 <0.001
EMG (uV)
Baseline 489 £ 1.73 7.72 + 3.88 —6.06 <0.001
Stress 1 6.63 = 2.48 10.29 + 5.16 -5.84 <0.001
Recovery 1 517 £ 217 7.87 £ 3.86 =5.61 <0.001
Stress 2 6.98 £ 2.98 10.22 + 6.07 —4.37 <0.001
Recovery 2 5.17 £ 1.99 7.88 = 4.25 -5.27 <0.001
Hear rate (/min)
Baseline 70.82 = 9.79 68.75 + 11.45 1.31 0.192
Stress 1 77.30 = 9.34 72.51 £12.12 2.91 0.004
Recovery 1 71.95 + 9.57 69.36 + 11.36 1.66 0.099
Stress 2 80.39 £ 9.64 73.39 £ 11.85 4.39 <0.001
Recovery 2 71.84 = 9.81 69.37 = 10.61 1.62 0.110
Skin conductance (uS)
Baseline 0.55 £ 0.42 0.53 £ 0.51 0.16 0.872
Stress 1 0.86 + 0.82 0.69 + 0.79 1.41 0.161
Recovery 1 0.84 + 0.88 0.68 + 0.82 1.20 0.232
Stress 2 1.21 £ 1.39 0.86 = 1.17 1.78 0.078
Recovery 2 1.04 £ 1.24 0.84 £ 1.29 1.10 0.274
Skin temperature (C)
Baseline 32.77 + 2.30 32.85 + 2.43 -0.20 0.840
Stress 1 33.16 + 2.35 33.23 + 2.38 —0.23 0.816
Recovery 1 33.06 + 2.42 33.33 £ 2.39 -0.74 0.456
Stress 2 33.14 + 2.44 33.51 £ 2.37 —1.04 0.298
Recovery 2 33.02 + 2.45 33.55 £ 2.32 —1.49 0.139
Respiratory rate (/min)
Baseline 13.86 + 3.38 14.84 + 2.45 -2.19 0.030
Stress 1 12.37 £ 2.15 12.86 + 1.27 -1.97 0.050
Recovery 1 13.78 + 3.37 14.32 + 2.38 -1.21 0.228
Stress 2 13.38 = 2.19 13.60 = 1.23 —0.81 0.420
Recovery 2 14.23 + 3.05 14.41 + 2.26 -0.43 0.670

The values are denoted as mean + SD. EMG : electromyography, pV : microvolt, uS : micrsosiemens
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Figure 1. Change of Electromyography (A), heart rate (B), skin conductance (C), skin temperature (D), and respiratory rate (E) during

stress reactivity test in normal controls and insomnia patients. = :
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Table 2. Comparison of biofeedback parameter changes in each phase of stress reactivity test between insomnia patients and normal

healthy subjects
Normal (n = 101) Insomnia (n = 80) t p-value
EMG (pV)
Stress1-Baseline 1.73 £ 0.20 2.57 = 0.51 —1.54 0.126
Recovery 1-Stress 1 —1.45 £ 0.23 —2.41 £ 0.50 1.75 0.083
Stress 2-Recovery 1 1.81 £ 0.37 2.34 £ 0.57 -0.84 0.400
Recovery 2-Stress 2 —1.80 + 0.30 —-2.33 £ 0.52 0.92 0.359
Hear rate (/min)
Stress 1-Baseline 6.48 + 0.59 3.77 + 0.59 3.22 0.002
Recovery 1-Stress 1 -5.36 £ 0.59 -3.16 = 0.47 -2.91 0.004
Stress 2-Recovery 1 8.45 + 0.61 4.03 = 0.47 5.72 <0.001
Recovery 2-Stress2 —8.56 £ 0.65 —4.02 £ 0.51 -5.31 <0.001
Skin conductance (uS)
Stress 1-Baseline 0.32 + 0.05 0.16 + 0.04 2.48 0.014
Recovery 1-Stress 1 —0.03 £+ 0.03 —0.02 £ 0.01 —0.53 0.599
Stress 2-Recovery 1 0.37 £ 0.06 0.18 £ 0.05 2.42 0.017
Recovery 2-Stress 2 -0.17 £ 0.03 —0.03 £ 0.03 -3.25 0.001
Skin temperature (C)
Stress 1-Baseline 0.38 = 0.05 0.39 = 0.05 -0.16 0.874
Recovery 1-Stress 1 —0.10 £ 0.03 0.09 + 0.03 -3.95 <0.001
Stress 2-Recovery 1 0.08 + 0.03 0.18 £ 0.03 -2.75 0.007
Recovery 2-Stress 2 -0.11 £ 0.03 0.04 + 0.03 -3.83 <0.001
Respiratory rate (/min)
Stress 1-Baseline —-1.53 £ 0.26 -1.98 = 0.31 1.13 0.262
Recovery 1-Stress 1 1.46 = 0.27 1.46 = 0.29 -0.01 0.993
Stress 2-Recovery 1 -0.41 £ 0.28 0.73 £ 0.28 0.80 0.427
Recovery 2-Stress 2 0.86 + 0.24 0.81 + 0.26 0.14 0.893

The values are denoted as mean = SD. EMG : electromyography, pV : microvolt, uS : micrsosiemens
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