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Entering the group

Entry process

Removal(n=2)
Excluded Based on inclusion criteria(n=1)
Declined to participate(n=1)

Random allocation

G1 group(n=19) G2 group(n=19)

G3 group(n=19) G4 group(n=19)

0.5 Hz,300 pA 1.5 Hz,300 pA eilloicetion 100 Hz,300 pA sham stimulation
Declined to participate(n=1) Declined to participate(n=1) ASEERETG Declined to participate(n=1) Declined to participate(n=1)
Adverse events(Headache): 1 Adverse events(Headache): 1 Adverse events(Headache): 1 Adverse events(Headache): 1
Per-protocol analysis(n=18) Per-protocol analysis(n=18) Analysis Per-protocol analysis(n=18) Per-protocol analysis(n=18)

E1 NARREE

Fig.1 Flow chart of enrollment
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Fig.2 Flow chart of experiments
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F1 MOAHRKAOLITEFHZOEZANNL (n=18,xx5)
Tab.1 Demographic and neuropsychological cognitive tests of four groups of participants (n =18 ,x +5)
) X/t P
Project G1 group G2 group G3 group G4 group
7 value value
Gender ( Male/Female) 8/10 8/10 9/9 7/11 1.350 0.717
Age (years) 43.11 £14.08 34.89 +£13.04 35.00 +12.87 38.33 +12.50 3.359 0.340
Years of education (years) 13.89 +4.71 15.00 £3.05 13.17 +3.73 14.94 +3.89 3.133 0.372
MoCA (point) 26.56 +2.59 26.67 £2.09 26.78 £2.32 26.78 £1.99 0.167 0.983
SDMT (items) 48.28 +14.43 54.89 +13.11 50.56 +12.78 48.28 +13.30 0.971 0.412
DST-F (items) 7.39 +1.58 8.11 +1.71 7.83 +1.62 7.83+1.25 1.630 0.653
DST-B (items) 5.22+1.26 6.06 +1.98 5.94 +1.89 5.83+1.76 1.982 0.576
TMT-A (s) 55.22 +43.64 41.26 +15.34 54.09 +41.78 45.45 £19.71 1.263 0.738
TMT-B (s) 99.62 +62.63 85.09 £35.22 97.79 £59.82 84.33 £26.74 0.392 0.942
SCWT-dot (s) 16.93 £3.97 14.27 +4.36 15.62 +4.18 14.59 +3.71 1.563 0.206
SCWT-word (s) 17.28 +4.80 16.05 +4.17 19.01 +7.21 20.69 +7.14 3.334 0.343
SCWT-color word (s) 30.31 +9.31 30.07 £9.03 31.39 +11.22 32.08 +8.57 0.173 0.915
AVLT-immediate recall (items) 9.43 +2.68 9.70 +1.47 9.84 +1.38 9.00 +2.01 0.747 0.531
AVLT-delayed recall (items) 10.22 £3.19 11.50 £2.57 11.50 £2.55 10.61 £2.15 2.171 0.538
AVLT-recognition (items) 14.50 +0.71 14.72 £0.46 14.72 +0.57 14.50 £0.51 3.172 0.366
HAMA (points) 8.06 £3.26 7.44 £3.05 7.56 £2.18 7.89 £3.38 0.162 0.922
HAMD ( points) 7.83 +£3.28 7.44 £3.17 8.33+2.95 6.83 +2.31 0.830 0.482
PSQI (points) 12.94 +3.28 13.06 +3.00 13.78 +2.65 11.78 +2.80 1.426 0.243
A-subjective sleep quality 2.17 £0.79 2.33+£0.69 2.39 +0.50 2.33 +£0.69 0.703 0.872
B-sleep latency 2.67 £0.59 2.67 +£0.77 2.67 £0.69 1.94 +1.30 4.741 0.192
C-sleep duration 2.06 +1.11 2.11+£1.02 2.17 £0.79 2.28 +1.07 0.917 0.821
D-habitual sleep efficiency 2.11+£1.23 2.11+£1.02 2.22+1.06 2.33+£1.03 0.855 0.836
E-sleep disturbances 1.44 £0.51 1.17 £0.62 1.33+£0.49 1.22 +0.43 2.777 0.427
F-use of sleep medication 1.28 +1.41 1.28 £1.36 1.06 +1.30 0.78 +1.26 1.797 0.616
G-daytime dysfunction 1.22 +0.81 1.39 +£0.92 1.56 £0.78 1.06 £1.06 3.267 0.352
ISI ( points) 20.33 +5.83 19.44 +4.23 19.11 £3.86 18.56 +2.89 0.531 0. 663
FFS (points) 11.39 £7.92 14.44 +5.18 13.50 £5.59 11.83 £5.22 0.992 0.402
ESS ( points) 9.11 £5.30 9.72 £5.14 8.44 +£3.96 7.61 £4.46 0.656 0.582
TST (min) 333.39 +£51.05 322.96 +58.78 313.53 £51.45 347.81 +£56.39 4.674 0.197
SOL (min) 70.47 +28.69 56.89 +£29.52 62.25 +£32.92 51.69 £29.21 2.760 0.430
SE (min) 69.47 £10.65 68.51 £12.40 67.64 £10.77 74.27 £10.99 4.527 0.210
WASO (min) 75.81 £56.22 91.00 +£59.90 90.97 +55.88 68.58 £54.24 2.648 0.449
NI percentage (% ) 6.64 £6.29 6.48 £5.49 5.01 £2.93 3.46 £2.98 5.162 0.160
N2 percentage (% ) 72.03 £8.99 70.32 +6.86 75.30 £5.53 75.02 £7.69 5.805 0.121
N3 percentage (% ) 9.67 £5.84 11.11 £7.03 10.16 £7.73 7.01 £4.93 1.323 0.274
REM percentage (% ) 11.67 £4.99 12.10 £7.37 9.53+6.33 14.49 +5.66 1.971 0.127
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= —3.343,P=0.001) B — AJER[E](Z = —2.724,
P=0.006).C - BENRHEIE (Z = -1.999, P =

0.046) D - fEHRACE (Z = —2.389,P =0.017) 4
M F - fEIRZ5 ) (Z = -2.092,P =0.036) 15357 [%
K, G3 AT EIRIT TG I A — BEAR T (Z =
-2.472,P=0.013) \B - ABER}[A](Z = -2.412,P
=0.016) .C — BEARMIE] (Z = = 1.999,P =0.046) .
E - BEIRMERG (Z = -2.887,P =0.004) F - fiEHiR 2}
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Tab.2 Subjective and objective sleep parameters and mood scores pre- and post-stimulation (x +s)

Proect G1 group (n=18) G2 group (n=18) G3 group (n=18) G4 group (n=18) F/H P
rolee pre-test post-test pre-test post-test pre-test post-test pre-test post-test value value
1294+ 9.83¢ 13.06+ 8.72% 13.78+  9.50 % 11.78  9.72+
PSQI (points) 11.423  0.010
3.28 2.79 3.00 3.82 2.65 5.04 2.80 4.24
2.17 + 1.61 2.33+ 1.28 + 2.39+ 1.72 + 2.33+ 1.94 +
A-Subjective Sleep Quality 8.040  0.045
0.79 0.70 0.69 0.75 0.50 0.89 0.69 0.73
2,67+ 2.39+ 2,67+ 1.78 + 2,67+ 1.94 + 1.94 + 1.56 +
B-Sleep Latency 5.758 0.124
0.59 0.70 0.77 1.06 0.69 0.94 1.30 1.15
2.06 = .72+ 211+ 1.67 217+ 1.72 + 2.28+ 1.72+
C-Sleep Duration 1.442 0.696
1.11 1.18 1.02 0.97 0.79 1.07 1.07 0.96
. 2,11+ 1.67 £ 2. 11+ 1.44 + 2.2+ 1.89 + 2.33+ 1.89 +
D-Habitual Sleep Efficiency 1.273 0.735
’ 1.23 1.37 1.02 1.25 1.06 1.23 1.03 1.08
1.44 £ 111+ 1.17 £ 1.00 + 1.33 ¢ 0.78 £ .22+ 1.22 ¢
E-Sleep Disturbances 8.376  0.039
0.51 0.47 0.62 0.59 0.49 0.65 0.43 0.55
L 1.28 + 0.83 + 1.28 + 0.33 1.06 + 0.50 + 0.78 + 0.56 +
F-Use of Sleep Medication 4.443 0.217
1.41 1.38 1.36 0.97 1.30 1.15 1.26 1.15
1.22 ¢ 0.50 + 1.39 + 1.22+ 1.56 + 1.06 + 1.06 + 0.61 +
G-Daytime Dysfunction 5.207 0. 157
. 0.81 0.62 0.92 1.06 0.78 1.00 1.06 0.98
. 20.33+  15.39 = 19.44+ 13.83 ¢ 19.11+  13.56 18.56+ 15.78
ISI (points) 3.947 0.012
5.83 4.45 4.23 5.18 3.86 4.74 2.89 4.75
11.39+  9.89% 14.44+  10.61 £ 13.50+  10.00 + 11.83+  10.28 +
FFS (points) 8.288  0.040
7.92 6.41 5.18 5.12 5.59 4.03 5.22 4.82
9.11 = 8.83 + 9.72+ 8.33 « 8.44 + 7.11 = 7.61 = 717 +
ESS (points) 1.720 0.632
5.30 5.75 5.14 4.00 3.96 3.94 4.46 3.70
8.06 + 5.28+ 7.44 + 5.06 + 7.56 + 3.61 + 7.89 + 6.44 +
HAMA (points) 12.377  0.006
3.26 3.10 3.05 3.21 2.18 1.85 3.38 3.67
. 7.83 + 5.89 7.44 + 517+ 8.33 5.22+ 6.83 + 6.11
HAMD ( points) 10.855  0.013
3.28 2.83 3.17 2.66 2.95 2.58 2.31 2.85
333.39+ 342.53 & 322.96+ 359.22 313.53+  349.89 + 347.81+ 347.97+
TST (min) 3.552 0.019
51.05 49.74 58.78 41.53 51.45 63.51 56.39 42.53
70.47+  72.19% 56.89+ 37.36 % 62.25+ 37.28% 51.69+ 59.86 %
SOL (min) 10.819  <0.001
28.69 32.81 29.52 24.43 32.92 23.81 29.21 28.24
69.47+ 71.29 % 68.51+ 77.82% 67.64+ 74.52% 7427+ 1243+
SE (min) 5.519  0.003
10. 65 10.35 12.40 7.64 10.77 13.48 10.99 8.87
. 75.81+  65.50 = 91.00+ 65.72% 90.97+ 76.25+ 68.58+ 70.33
WASO (min) 0.856  0.473
56.22 57.11 59.90 34.97 55.88 54.64 54.24 45.35
6.64 + 5.46 + 6.48 + 6.32 5.01+ 4.99 + 3.46 + 4.62 £
NI percentage (% ) 0.724  0.541
6.29 4.50 5.49 5.77 2.93 3.15 2.98 4.80
72.03+  74.30 70.32+  72.74 % 75.30+  74.41 % 75.02+  73.17+
N2 percentage (% ) 1.521 0.217
8.99 6.89 6.86 9.24 5.53 7.20 7.69 8.13
9.67 + 8.41 .11+ 9.24+ 10.16 = 10.48 + 7.01 + 6.72 +
N3 percentage (% ) 0.752  0.861
5.84 5.47 7.03 6.70 7.73 7.29 4.93 4.21
11.67+ 11.83 ¢ 12,10+ 1171+ 9.53+ 10.14 % 1449+ 1549+
REM percentage (% ) 0. 186 0.905
4.99 5.34 7.37 6.58 6.33 7.20 5.66 7.34
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Fig.3 Subjective sleep and emotion scale scores of four groups of insomnia patients

Blue represents the patients’ conditions before test and red represents their conditions after test; * P <0.05, ** P <0.01,
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Fig.4 Scores of polysomnography before and after treatment
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Clinical efficacy of cranial electrotherapy stimulation

in chronic insomnia: a research study
Jiao Jiajia, Li Jialu, Sun Xixi, Yin Yunfei, Xie Chengjuan

(Dept of Neurology, The First Affiliated Hospital of Anhui Medical University ,Hefei 230022)

Abstract Objective

configurations on sleep quality in patients diagnosed with chronic insomnia disorder. Methods

To investigate the effects of cranial electrotherapy stimulation ( CES) with varying parameter
Seventy-two partici-
pants meeting diagnostic criteria for chronic insomnia disorder were randomly allocated to a four-arm parallel study
design. The intervention protocol comprised: Group 1 (G1) received CES at 0. 5 Hz, 300 wA; Group 2 (G2) un-
derwent CES treatment at 1. 5 Hz, 300 wA; Group 3 (G3) administered 100 Hz, 300 wA stimulation; and Group
4 (G4) received sham stimulation with identical device placement but no current delivery. Primary outcomes were
quantified through polysomnography (PSG) recordings conducted at baseline and post-intervention, whereas sec-
ondary outcomes were assessed via standardized sleep questionnaires including the Pittsburgh sleep quality index
(PSQI) and Insomnia Severity Index (ISI). Results

improvements were observed across all active treatment groups (Gl —G3) as evidenced by reductions in PSQI. In-

Following a 10-day intervention protocol, significant clinical

somnia severity index (ISI) scores quantitative polysomnographic analysis revealed that both G2 (1.5 Hz) and G3
(100 Hz) cohorts demonstrated statistically significant enhancements in Flinders Fatigue Scale (FFS) scores, total
sleep time (TST), and sleep efficiency (SE) , accompanied by reduced sleep onset latency (SOL) compared to
baseline measurements. However, no statistically significant differences were detected between the G2 and G3 in-
tervention arms across all measured parameters. CES exerted no significant effect on sleep architecture. Conclusion

CES can effectively improve the sleep of patients with chronic insomnia. Within a certain range, a higher frequency
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of CES leads to better sleep improvement effects.

Key words chronic insomnia; cranial electrotherapy stimulation ; sleep quality; current frequency; all-night poly-
somnography
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