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[Abstract] Objective To identify risk factors for sleep disorders in high-altitude migrants and to develop and validate an

individualized nomogram prediction model based on readily obtainable variables. Methods From July to August 2025, a
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questionnaire survey was conducted among eligible high-altitude migrants residing at various elevations in the Xizang Autonomous
Region using a cluster random sampling method. Data regarding demographics, lifestyle habits, high-altitude residence history, past
medical history, sleep quality, and fatigue levels were collected from a total of 1,405 participants. The surveyed cohort was randomly
allocated into a training set (n = 984) and a validation set (n = 421) at a 7:3 ratio. Independent risk factors were identified using
univariate analysis, least absolute shrinkage and selection operator (LASSO) regression, and multivariate logistic regression, which
were subsequently utilized to construct a predictive nomogram. The model's discrimination, calibration, and clinical utility were
internally validated employing receiver operating characteristic (ROC) curves, calibration plots, the Hosmer-Lemeshow test, and
decision curve analysis (DCA). Results  After preliminary screening of potential variables via univariate analysis and LASSO
regression, subsequent multivariate logistic regression analysis identified seven independent risk factors for high-altitude sleep
disorders: education level, altitude of residence, duration of high-altitude residence, durations of hyperlipidemia, hyperuricemia, and
lumbar disc herniation, and the total score of the Multidimensional Fatigue Inventory-20 (MFI-20). A predictive nomogram model
was established based on these risk factors and subsequently validated. The areas under the receiver operating characteristic curve
(AUC) for the nomogram in the training and validation sets were 0.857 and 0.818, respectively. Calibration curves exhibited good
consistency between the predicted and observed probabilities, and the Hosmer-Lemeshow test yielded P-values of 0.433 and 0.087 in
the training and validation sets, respectively, indicating a satisfactory goodness-of-fit. Furthermore, decision curve analysis (DCA)
demonstrated that the model could provide significant clinical net benefit when the threshold probabilities ranged from 0.1 to 0.9 in
the training set and from 0.15 to 1.0 in the validation set. Conclusions Education level, altitude of residence, duration of high-
altitude residence, durations of hyperlipidemia, hyperuricemia, and lumbar disc herniation, along with the MFI-20 total score, are risk
factors for sleep disorders among high-altitude migrants. The nomogram model developed in this study, based on readily obtainable
questionnaire data, demonstrates robust predictive performance for evaluating the overall risk of sleep disorders in this population.
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Tab.1 Baseline characteristics of the training set and validation set

Ei=tan YIIZREE (n=984) IOUEEE (n=421) /z P
P [n(%)] 2228 0.328
DU 861(87.5) 374(88.8)
O 34(3.5) 18(4.3)
Fifle 89(9.0) 29(6.9)
IS [n(%)] 1.867 0.393
>20~30 %/ 138(14.0) 63(15.0)
>30~40 %/ 761(77.3) 313(74.3)
>40 % 85(8.7) 45(10.7)
PERI[n(%)] 126 0.262
5 955(97.1) 413(98.1)
UL 29(2.9) 8(1.9)
BMIFE 5 [n(%)] 7.038 0.071
A (<18.5 kg/m?) 12(12) 9(2.1)
1EH# (18.5~23.9 kg/m?) 697(70.8) 270(64.1)
HATE (24.0~27.9 kg/m?) 253(25.7) 132(31.3)
AEE(>28.0 kg/m?) 22(2.3) 10(2.5)
215 [n(%)] 5.382 0.068
v R (B ) 229(23.3) 86(20.4)
K% 334(33.9) 170(40.4)
EN Y DN 421(42.8) 165(39.2)
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(8t &)
Bzt YIZREE (n=984) YAIFAE (n=421) v/Z P
JEAE 3 DX VB R (%) ) 3.065 0.382
<3000 m 112(11.4) 40(9.5)
3001~3500 m 133(13.5) 52(12.3)
3501~4000 m 667(67.8) 289(68.7)
>4000 m 72(7.3) 40(9.5)
T T AR TG K [ (%) ] 1.326 0.723
<241 H 231(23.5) 101(24.0)
25~601~F 248(25.2) 116(27.6)
61~120 A 177(18.0) 68(16.1)
>1201H 328(33.3) 136(32.3)
R o8 FH FlL 8 2 ] [ (96) ] 1.815 0.403
<0.5h 507(51.5) 201(47.7)
0.5~1.0h 310(31.5) 146(34.7)
>1.0h 167(17.0) 74(17.6)
B3 H AR [n(%)] 1.519 0.468
037 549(55.8) 241(57.2)
<1032 299(30.4) 132(31.4)
>10 3% 136(13.8) 48(11.4)
e A AR IR (41, M(Q,, Q)] 3.00(1.00, 5.00) 3.00(2.00, 5.00) -1.289 0.197
re B A SRR HHR 4R, M(Q,, Q)] 4.00(3.00, 5.00) 3.00(2.00, 5.00) —1.449 0.147
TR PRI IIURE AR IR [4F, M(Q,, Q)] 4.00(2.00, 6.00) 4.00(2.00, 5.75) -0.950 0.342
HE ] 42 HE R IR [4F, M(Q,, Q)] 4.00(2.00, 7.00) 4.25(2.00, 8.00) -0.228 0.819
PP B BRI [4F, M(Q,, Q)] 4.00(1.00, 7.00) 5.00(4.50, 5.50) -0.344 0.731
HEH I I S35 [ (%) ] 4.576 0.206
0K /JH 895(91.0) 377(89.5)
1~2 3%/ JH 45(4.6) 15(3.6)
3~6 1K/ JH 12(1.2) 10(2.4)
7/ 32(32) 19(4.5)
RN T (642 20 [ (%) ] 0.688 0.709
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Tab.2 Comparison of baseline characteristics between the non-sleep disorder and sleep disorder groups in the training set
LD TCHEHR 5520 (n=621) R AL i 2H (n=363) /Z P
T [n(%)] 0.039 0.981
WU 543(87.5) 318(87.6)
FECI% 22(3.5) 12(3.3)
HAlh 56(9.0) 33(9.1)
AR (n(%)] 36.308 <0.001
>20~30 %/ 118(19.0) 20(5.5)
>30~40 %/ 458(73.8) 303(83.5)
>40 % 45(7.2) 40(11.0)
TR [n(%)] 0.014 0.906
5 603(97.1) 352(97.0)
& 18(2.9) 11(3.0)
BMIFE54[n(%)] 17.507 <0.001
AR (<18.5kg/m?) 6(1.0) 6(1.6)
1EH# (18.5~23.9 kg/m?) 467(75.2) 230(63.4)
AT (24.0~27.9 kg/m?) 133(21.4) 120(33.1)
AERE(>28.0 kg/m?) 15(2.4) 7(1.9)
27K [n(%)] 88.832 <0.001
v K (B ) 189(30.4) 40(11.0)
PN 233(37.5) 101(27.8)
ARV 199(32.1) 222(61.2)
Jei A b DX AR v B [ (%) ] 34.240 <0.001
<3000 m 89(14.3) 23(6.4)
3001~3500 m 102(16.4) 31(8.5)
3501~4000 m 395(63.6) 272(74.9)
>4000 m 35(5.7) 37(10.2)
TE TR A TR [1(%) ] 42.876 <0.001
<241 H 179(28.8) 52(14.3)
25~601H 167(26.9) 81(22.3)
61~120H 107(17.2) 70(19.3)
>1201~H 168(27.1) 160(44.1)
M 4 FH L35 25 T [ (%) ] 23.831 <0.001
<0.5h 354(57.0) 153(42.2)
0.5~1.0h 164(26.4) 146(40.2)
>1.0h 103(16.6) 64(17.6)
B H AR i [n(%)] 12453 0.002
0% 352(56.7) 197(54.3)
<1037 201(32.4) 98(27.0)
>10 3% 68(10.9) 68(18.7)
e L AR BT 4T, M(Q,, Q)] 3.00(2.00,5.25) 2.00(1.00, 5.00) -5.023 <0.001
e g AR SRR B (41, M(Q,, Q)] 3.50(1.50,7.00) 4.00(3.00, 5.00) -5.887 <0.001
1R PR M AE SR B (41, M(Q,, Q)] 3.00(2.00, 5.25) 4.00(2.00, 6.00) ~7.089 <0.001
HE M) 255 H E R BT [4F, M(Q,, Q)] 3.00(2.00, 5.00) 5.00(3.00, 8.00) -5.055 <0.001
PR R I [4F, M(Q, Q)] 7.00(7.00, 7.00) 3.00(1.00, 6.00) -4.364 <0.001
MBI R PR 46009 [ (%) ] 1.605 0.659

0/
12K/
3~6 U/
7/

564(90.8)
26(4.2)
9(1.5)
22(3.5)

331(91.2)
19(5.2)
3(0.8)
10(2.8)
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MFI-20 24343, M(Q,, Q,)] 39.00(30.75,49.50) 57.00(48.00,64.00) -16.483 <0.001
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Fig.1 Variable selection for sleep disorder prediction in high-altitude migrants based on LASSO regression
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Tab.3 Multivariate logistic regression analysis of risk factors for sleep disorders in high-altitude migrants

Ap i B SE Walds x* P OR 95%CI
K
B s (&) (&%)
Kt 0.766 0.250 9.409 0.002 2.150 1.318~3.508
ES YR 1158 0237 23.788 <0.001 3.182 1.998~5.067
JEAE L X T
<3000 m 1(Z%)
3001~3500 m 0.676 0.377 3217 0.073 1.967 0.939~4.118
3501~4000 m 0.859 0.297 8.369 0.004 2.362 1.319~4.228
>4000 m 1.152 0.420 7.530 0.006 3.165 1.390~7.207
TE R A TG G
<244 A 1(Z%)
25~601~H 0351 0251 1.953 0.162 1.420 0.868~2.322
61~1201H 0.396 0273 2.113 0.146 1.486 0.871~2.536
>120 ] 1.053 0.246 18.394 <0.001 2.867 1.772~4.639
TR LA AR P 0.418 0.155 7.268 0.007 1.520 1.121~2.060
i DR I AP A 0.113 0.068 2.730 0.098 1.120 0.979~1.281
HEE] 528 HE R 0.179 0.052 11.816 0.001 1.196 1.080~1.324
MFI-20 353 0.091 0.007 152.854 <0.001 1.096 1.080~1.112
(g -7.192 0.532 182.728 <0.001
MFI-20. 245 57 4% ; SE. bRifEiR; OR. HAHI; CLB{FIXIA
s O 10 20 30 40 50 60 70 80 90 100 (41)
By K AR
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5 . L 1~ >
BIRIERRN K gy (P)
FRFRMUE BTN 5353577655 ooz (4EF)
HEREETR A BRI 555 345678 910111213 (4F)
MFL2085r 5 30 40 50 60 70 80 90 100 (5%)
B 0 20 40 60 40 100 120 140 160 180 200 (43)
ﬁi(ﬂ“}ﬂ%% 0.1 02 0.3 04050607 0.8 0.9
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Fig.2 Nomogram for predicting the risk of sleep disorders in a long-term high-altitude resident population.
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