Additional File 2: Sensitivity and subgroup analyses
Figure S1: Forest plot of the sensitivity analysis restricted to high-quality studies.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95% CI Weight
Svedlund_1985 40 101 210 677 il 146 [0.95; 2.24] 5.0%
Jarrett_2000 20 82 4 35 ———l— 250 [0.79; 7.95] 1.3%
Heitkemper_2005 20 36 4 38 : 10.62 [3.11;36.24] 1.1%
Song_2012 29 105 99 715 —— 237 [1.47;, 383] 45%
Zhou_2012 108 290 224 1252 i 272 [2.06; 3.60] 7.0%
Liu_2014 91 255 91 512 —I— 257 [1.82; 361] 6.1%
Guo_2015 30 78 6 79 e 760 [2.94;19.65] 1.8%
Lee_2015 153 4689 258 18756 ] 242 [1.97; 296] 8.0%
Acay_2016 16 112 5 106 3.37 [1.19; 9.55] 1.5%
Lee_2017 154 374 842 3055 = 1.84 [1.48; 229] 7.8%
Kim_2018 18 133 164 1800 — 1.56 [0.93; 2.63] 4.1%
Yeh_2018 1192 22356 1620 67068 228 [2.11; 246] 9.4%
Laili_2020 60 113 96 181 —— 1.00 [0.63; 1.61] 4.6%
Sarvesh_2020 17 28 81 162 ——!—— 1.55 [0.68; 3.50] 2.2%
Prashant_2020 13 49 10 48 —r 1.37 [0.58; 3.52] 1.8%
FA_2020 29 53 49 128 —I—— 195 [1.02; 3.72] 3.1%
Alaa_2021 120 175 75 175 -—I— 291 [1.88; 451] 5.0%
Bureychak_2022 182 293 143 363 —I— 252 [1.84; 346] 6.4%
Khaled_2022 61 338 89 756 —I— 165 [1.16; 2.35] 5.9%
Zhong_2025 1831 5359 62702 262931 1.66 [1.57; 1.75] 9.5%
Mohammad_2026 24 193 34 379 ——l— 144 [0.83; 2.51] 3.8%
Random effects model 35212 359216 . 2.08 [1.81; 2.39] 100.0%
Prediction interval —_— [1.26; 3.43]
[ T T 1

Heterogeneity: /% = 78.8%, 1 = 0.0526, X3, = 94.26 (p < 0.0001)
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Figure S2: Forest plot of the sensitivity analysis restricted to pure cross-sectional
studies.

Experimental Control
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Svedlund_1985 40 101 210 677 HEl— 146 [0.95; 2.24] 5.0%
Jarrett_2000 20 82 4 35 4 250 [0.79; 7.95] 2.8%
Lu_2003 185 447 357 1571 l 240 [1.92; 3.001 55%
Tan_2003 22 84 62 449 —.— 221 [127; 3.86] 4.6%
Heitkemper_2005 20 36 4 38 —&—— 1062 [3.11;36.24] 2.6%
Lu_2006 33 54 448 1792 —— 471 [270; 823] 4.6%
Shaman_2012 44 107 57 1610 —— 19.03 [11.93;30.36] 4.9%
Song_2012 29 105 99 715 - 237 [147, 3.83] 4.9%
Zhou_2012 108 290 224 1252 . 3 272 [2.06; 3.60] 54%
Liu_2014 91 255 91 512 5 257 [1.82; 361 52%
Acay_2016 16 112 5 106 — 337 [1.19; 955] 3.1%
Lee_2017 154 374 842 3055 .E 1.84 [1.48; 2.29] 5.5%
Kim_2018 18 133 164 1800 il 156 [0.93; 263] 4.7%
Laili_2020 60 113 96 181 — 1.00 [0.63; 1.61] 4.9%
Sarvesh_2020 17 28 81 162 —1 1.55 [0.68; 3.50] 3.7%
Prashant_2020 13 49 10 48 —Hil—— 1.37 [0.53; 352] 3.4%
FA_2020 29 53 49 128 —i— 195 [1.02; 3.72] 4.3%
Alaa_2021 120 175 75 175 —.— 291 [1.88; 4.51] 5.0%
Bureychak_2022 182 293 143 363 - 252 [1.84; 346] 53%
Anita_2022 65 118 54 182 —- 291 [1.79; 471 48%
Khaled_2022 61 338 89 756 . = 1.65 [1.16; 2.35] 5.2%
Mohammad_2026 24 193 34 379 -+l 1.44 [0.83; 251] 4.6%
Random effects model 3540 15986 > 2.45 [1.87; 3.20] 100.0%
Prediction interval —_— [0.72; 8.29]
Heterogeneity: I = 83.4%, ¥° = 0.3247, X2, = 126.33 (p < 0.0001) J : J L
0.1 05 1 2 10
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Figure S3: Forest plot of the sensitivity analysis excluding Lee 2015

Experimental Control
Study Events Total Events Total Odds Ratio OR 95% Cl Weight
Svedlund_1985 40 101 210 677 -l 146 [0.095; 2.24] 43%
Jarrett_2000 20 82 4 35 —+ 250 [0.79; 7.95] 24%
Lu_2003 185 447 367 1571 - 240 [192; 3.00] 4.7%
Tan_2003 22 84 62 449 —— 221 [1.27; 3.86] 3.9%
Heitkemper_2005 20 36 4 38 i ——m—— 1062 [3.11;36.24] 22%
Lu_2006 33 54 448 1792 :—.— 471 [270; 8.23] 3.9%
Shaman_2012 44 107 57 1610 : ——- 19.03 [11.93;30.36] 4.2%
Song_2012 29 105 99 715 —.— 237 [147; 3.83] 4.1%
Zhou_2012 108 290 224 1252 = 272 [206; 3.60] 4.6%
Liu_2014 91 255 91 512 - 257 [1.82; 3611 45%
Guo_2015 30 78 6 79 —I— 760 [2.94;19.65] 2.9%
Acay_2016 16 112 5 106 — 337 [1.19; 9.55] 2.6%
Lee_2017 154 374 842 3055 | _H 184 [148; 229] 47%
Kim_2018 18 133 164 1800 —I— 166 [0.93; 2.63] 4.0%
Yeh_2018 1192 22356 1620 67068 228 [211; 246] 4.9%
Laili_2020 60 113 96 181 —- 1.00 [063; 1.61] 42%
Sarvesh_2020 17 28 81 162 —— 155 [0.68; 3.50] 3.2%
Prashant_2020 13 49 10 48 —i— 1.37 [0.53; 3.52] 2.9%
FA_2020 29 53 49 128 — i 195 [1.02; 3.72] 3.7%
Alaa_2021 120 175 75 175 - 291 [1.88; 4511 42%
Bureychak_2022 182 293 143 363 -.- 252 [1.84; 3.46] 45%
Anita_2022 65 118 54 182 — 291 [1.79; 471 41%
Khaled_2022 61 338 89 756 - 165 [1.16; 2.35] 4.4%
Zhong_2025 1831 5359 62702 262931 166 [1.57; 1.75] 4.9%
Mohammad_2026 24 193 34 379 -+ 144 [083; 251] 3.9%
Sveda_2026 21 45 3 45 —&— 1225 [3.31;4538] 21%
Random effects model 31378 346109 < 256 [1.99; 3.28] 100.0%
Prediction interval = [ 0.76; 8.63]
[ T T 1

Heterogeneity: /2 = 87.8%, 1% = 0.3323, K25 = 205.61 (p < 0.0001)
0.1 05 1 2 10
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Figure S4: Trim-and-fill funnel plot for the pooled odds ratio of sleep disturbance in patients with
irritable bowel syndrome versus controls.
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Study

Figure S5: Trim-and-fill adjusted forest plot for the pooled odds ratio of sleep
disturbance in patients with irritable bowel syndrome versus controls.

OR [95% CI]

Svedlund_1985 1.46[0.95, 2.24]
Jarrett_2000 | | 2.50[0.79, 7.95]
Lu_2003 | 2.40[1.92, 3.00]
Tan_2003 — 2.21[1.27, 3.86]
Heitkemper_2005 } | 10.62 [ 3.11, 36.24]
Lu_2006 f—a— 471[2.70, 8.23]
Shaman_2012 [ 19.03 [11.93, 30.36]
Song_2012 —a— 2.37[1.47, 3.83]
Zhou_2012 —m— 2.72[2.06, 3.60]
Liu_2014 — 2.57[1.82, 3.61]
Guo_2015 P 7.60 [ 2.94, 19.65]
Lee_2015 = 2.42[1.97, 2.96]
Acay_2016 | | 3.37[1.19, 9.55]
Lee 2017 |- 1.84[1.48, 2.29]
Kim_2018 l—H 1.56 [0.93, 2.63]
Yeh_2018 L] 2.28[2.11, 2.46]
Laili_2020 |—l—| 1.00[0.63, 1.61]
Sarvesh_2020 |—-—{ 1.55[0.68, 3.50]
Prashant_2020 }—-—1 1.37[0.53, 3.52]
FA_2020 ﬁ—l—] 1.95[1.02, 3.72]
Alaa_2021 [ 2.91[1.88, 4.51]
Bureychak_2022 fom 2.52[1.84, 3.46]
Anita_2022 ] 291[1.79, 4.71]
Khaled_2022 -] 1.65[1.16, 2.35]
Zhong_2025 ] 1.66[1.57, 1.75]
Mohammad_2026 }—.—{ 1.44[0.83, 2.51]
Sveda_2026 } | 12.25[3.31, 45.38]
Random-Effects Model ‘ 2.55[2.01, 3.23]
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Figure S6: Subgroup analysis based on Area

IBS Control
Study Events Total Events Total OR 95% Cl  Weight
Area = Asia
Lu_2003 185 447 357 1571 . 240 [1.92; 3.00] 4.5%
Tan_2003 22 84 62 449 —.— 2.21 [1.27; 3.86] 3.7%
Lu_2006 33 54 448 1792 —.— 471  [270; 8.23] 3.7%
Shaman_2012 44 107 57 1610 —- 19.03 [11.93; 30.36] 4.0%
Song_2012 29 105 99 715 —- 237 [1.47, 3.83] 4.0%
Zhou_2012 108 290 224 1252 E 3 272 [2.06; 3.60] 4.4%
Liu_2014 91 255 91 512 E & 2.57 [1.82; 3.61] 4.3%
Guo_2015 30 78 6 79 —a— 7.60 [2.94;19.65] 2.7%
Lee_2015 163 4689 258 18756 ] 242 [1.97; 2.96] 4.6%
Acay_2016 16 112 5 106 —— 337 [1.19; 9.55] 2.5%
Lee 2017 154 374 842 3055 ] 1.84 [1.48; 2.29] 4.5%
Kim_2018 18 133 164 1800 il 156 [0.93; 2.63] 3.8%
Yeh_2018 1192 22356 1620 67068 . 228 [2.11; 2.46] 4.7%
Laili_2020 60 113 96 181 - 100 [063; 161  4.0%
Sarvesh_2020 17 28 81 162 — - 155 [0.68; 3.50] 3.0%
FA_2020 29 53 49 128 —— 195 [1.02; 372 3.5%
Anita_2022 65 118 54 182 - 291 [1.79; 4.71] 3.9%
Khaled_2022 61 338 89 756 E = 1.65 [1.16; 2.35] 4.3%
Mohammad_2026 24 193 34 379 il 1.44 [0.83; 2.51] 3.7%
Sveda_2026 21 45 3 45 —a— 1225 [3.31;45.38] 1.9%
Random effects model 29972 100598 0 265 [1.97; 3.55] 75.8%
Prediction interval [0.71; 9.81] == [0.71; 9.81]
Heterogeneity: 12 = 84.9%, 1% = 0.370, p < 0.0001 -
Area = Non-Asia
Svedlund_1985 40 101 210 677 Hil-: 1.46 [0.95; 2.24] 4.1%
Jarrett_2000 20 82 4 35 —+ 250 [0.79; 7.95] 2.2%
Heitkemper_2005 20 36 4 38 —— 1062 [3.11;36.24] 21%
Prashant_2020 13 49 10 48 —H— 1.37  [0.53; 3.52] 2.7%
Alaa_2021 120 175 75 175 - 291 [1.88; 4.51] 4.1%
Bureychak_2022 182 293 143 363 ' 252 [1.84; 3.46] 4.3%
Zhong_2025 1831 5359 62702 262931 n: 166 [1.57; 1.75] 4.7%
Random effects model 6095 264267 > 217 [1.58; 2.99] 24.2%
Prediction interval [0.90; 5.24] — [ 0.90; 5.24]
Heterogeneity: 12 = 73%, 12 = 0.103, p = 0.0011
Random effects model 36067 364865 - 255 [2.01; 3.23] 100.0%
Prediction interval [0.79; 8.22] = [0.79; 8.22]
I RN N I
0.1 05 1 2 10
Odds Ratio

Heterogeneity: 12 =87.6%, 1> = 0.311, p <0.0001
Test for subgroup differences: xf =0.80, df =1 (p = 0.3705)



Figure S7: Subgroup analysis based on study population

Study Events

Study population = students

Tan_2003 22
Shaman_2012 44
Song_2012 29
Zhou_2012 108
Liu_2014 91
Acay_2016 16
Laili_2020 60
Sarvesh_2020 17
FA_2020 29
Anita_2022 65
Khaled_2022 61
Mohammad_2026 24

Random effects model
Prediction interval [0.49; 12.29]
Heterogeneity: 2= 88.9%, V= 0.486, p < 0.0001

Study population = Non students

Svedlund_1985 40
Jarrett_2000 20
Lu_2003 185
Heitkemper_2005 20
Lu_2006 33
Guo_2015 30
Lee_2015 153
Lee_2017 154
Kim_2018 18
Yeh_2018 1192
Prashant_2020 13
Alaa_2021 120
Bureychak_2022 182
Zhong_2025 1831
Sveda_2026 21

Random effects model
Prediction interval [1.15; 5.17]
Heterogeneity: /% = 85.4%, 1° = 0.111, p < 0.0001

Random effects model
Prediction interval [0.79; 8.22]

Heterogeneity: /2 = 87 6%, 12 = 0.311, p < 0.0001

Test for subgroup differences: x? =0.00, df = 1 (p = 0.9646)
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[0.63; 1.61]
[0.68; 3.50]
[1.02; 3.72]
[1.79; 471]
[1.16; 2.35]
[0.83; 2.51]
[1.61; 3.77]
[ 0.49; 12.29]

[0.95; 2.24]
[0.79; 7.95]
[1.92; 3.00]
[3.11;36.24]
[2.70; 8.23]
[ 2.94; 19.65]
[1.97; 2.96]
[1.48; 2.29]
[0.93; 2.63]
[2.11; 2.46]
[0.53; 3.52]
[1.88; 4.51]
[1.84; 3.46]
[157; 1.75]
[3.31;45.38]
[1.97; 3.02]
[1.15; 5.17]

[2.01; 3.23]
[0.79; 8.22]

Weight

3.7%
4.0%
4.0%
4.4%
4.3%
2.5%
4.0%
3.0%
3.5%
3.9%
4.3%
3.7%
45.3%
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Figure S8: Subgroup analysis based on sleep outcome type

Study Events

Sleep outcome type = Insomnia

Jarrett_2000 20
Tan_2003 22
Guo_2015 30
Lee_2017 154
Kim_2018 18
Anita_2022 65
Zhong_2025 1831
Sveda_2026 21

Random effects model
Prediction interval [0.80; 7.69]
Heterogeneity: 2= 72.8%, = 0.192, p = 0.0006

Sleep outcome type = Poor sleep quality

Heitkemper_2005 20
Zhou_2012 108
Liu_2014 91
Acay_2016 16
Sarvesh_2020 17
Khaled_2022 61
Mohammad_2026 24

Random effects model
Prediction interval [1.05; 4.91]
Heterogeneity: 12=60.8%, 12 = 0.076, p=0.0181
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6273
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1252

Sleep outcome type = General sleep disturbance

Svedlund_1985 40
Lu_2003 185
Lu_2006 33
Shaman_2012 44
Song_2012 29
Lee 2015 153
Yeh_2018 1192
Laili_2020 60
Prashant_2020 13
FA_2020 29
Alaa_2021 120
Bureychak_2022 182

Random effects model
Prediction interval [0.53; 12.74]
Heterogeneity: 12 =89.4%, 1% = 0.480, p <0.0001

Random effects model
Prediction interval [0.79; 8.22]

Heterogeneity: /2 = 87.6%, 1° = 0.311, p < 0.0001

Test for subgroup differences: x§ =0.29, df =2 (p = 0.8648)
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Figure S9: Subgroup analysis based on sleep measurement tool

Study

Sleep measurement tool = Standardized instrument-based assessment
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Jarrett_2000
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Liu_2014

Acay_2016

Laili_2020
Sarvesh_2020
Prashant_2020
Mohammad_2026
Random effects model
Prediction interval [0.76; 5.20]

Heterogeneity: /2 = 67.3%, 12 = 0.153, p = 0.0011

Sleep measurement tool = Non-standardized/self-reported assessment
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Heterogeneity: /2 = 87.6%, 12 = 0.311, p < 0.0001
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Figure S10: Subgroup analysis based on diagnostic criteria for IBS

IBS
Study Events  Total
IBS diagnostic criteria = Rome I/l
Jarrett_2000 20 82
Lu_2003 185 447
Tan_2003 22 84
Heitkemper_2005 20 36
Lu_2006 33 54
Song_2012 29 105
Lee_2017 154 374
Random effects model 1182
Prediction interval [1.16; 5.98]
Heterogeneity: /% = 63.6%, 12 = 0.089, p = 0.0115
IBS diagnostic criteria = Rome IIl/IV
Shaman_2012 44 107
Zhou_2012 108 290
Liu_2014 91 255
Guo_2015 30 78
Acay 2016 16 112
Kim_2018 18 133
Laili_2020 60 113
Sarvesh_2020 17 28
Prashant_2020 13 49
Alaa_2021 120 175
Bureychak_2022 182 293
Anita_2022 65 118
Khaled_2022 61 338
Mohammad_2026 24 193
Sveda_2026 21 45
Random effects model 2327
Prediction interval [0.53; 14.15]
Heterogeneity: /2 = 87.7%, 1° = 0.541, p < 0.0001
IBS diagnostic criteria = Non—-Rome/other
Svedlund_1985 40 101
Lee_2015 163 4689
Yeh_2018 1192 22356
FA_2020 29 53
Zhong_2025 1831 5359
Random effects model 32558
Prediction interval [1.10; 3.54]
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Figure S11: Subgroup analysis based on publication year
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