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Heart rate and cholesterol: Exploration of potential risk indicators and screening
significance for retinal vascular abnormalities in non-Tibetan young men residing

at high altitudes for 1. 5 years
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[Abstract] Objective To explore the impact of living at high altitudes for 1.5 years on the retinal
blood vessels among healthy non-Tibetan young males and to screen related hematological and physiological

indicators, providing a basis for increasing the eye examination items in high-altitude regions. Methods A
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cross-sectional survey design was employed. Data screening and collation were conducted between September
2024 and September 2025. The study subjects comprised non-Tibetan young adult males who, by December
2024, had been residing continuously at an altitude of 4 100 m for 1. 5 years. Among the 180 participants, 65
had retinal vascular abnormalities and 115 were normal. Two independent samples rank-sum test and
multivariate logistic regression analysis were performed to analyze the association between the hematological
and physiological indicators and retinal vascular abnormalities. Results The incidence of retinal vascular
abnormalities was 36. 11%. Two independent samples rank-sum test showed no statistical difference between
the 2 groups in chronic mountain sickness (CMS) (P=0. 527), while the P-values less than 0. 2 were observed
in term of heart rate (P=0. 033), average visual reaction time (P=0. 07), y-glutamyl transferase (P=0. 18), total
cholesterol (P=0. 033), triglycerides (P=0. 149), low-density lipoprotein (P=0. 095), platelet count (P=0. 141),
and plateletcrit (P=0.066). Multivariate logistic regression analysis revealed that heart rate (OR=1.033,
95%CI: 1. 003 to 1. 064, P=0. 033) and total cholesterol (OR=1. 868, 95%CI: 1. 004 to 3. 477, P=0. 049) were
positively, while average visual reaction time (OR=0. 035, 95%CI: 0. 002 to 0. 723, P=0. 03) was negatively
correlated with the risk of retinal vascular changes. Conclusion The incidence of retinal vascular
abnormalities is relatively high among healthy young men who have resided in high-altitude areas for 1.5
years. Increased heart rate and elevated total cholesterol level are independent risk factors for retinal vascular
changes, while prolonged visual reaction time is associated with a reduced risk of such changes.
Countermeasures Regular fundus photography helps identify retinal vascular changes at an early stage,
which has important clinical significance for preventing the occurrence and development of high-altitude-

related retinopathy and even high-altitude cerebral edema. It is recommended to include fundus photography

in the health monitoring system for personnel residing in high-altitude areas.
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A': Representative image of measuring retinal vessel diameters at 0. 5 PD from the optic disc edge using Image] software ;

B: Representative fundus photograph of a participant with normal retinal vessels; C: Representative fundus photograph of a

participant with retinal vascular abnormalites. Red circles: retinal arteries; Blue circles: retinal veins
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Figure 1 Measuring the diameters of arterioles and venules at the optic disc margin of the retina
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Table 1 Comparison of baseline data and cognitive function between the normal retinal vessel group and the

abnormal retinal vessel group [ M(P,,,P,,) ]

Normal retinal vascular group

Abnormal retinal vascular group

Indicator (n=115) (n=65) A P
Agelyears 23(22,24) 23(23,24) -0.073 0.942
Blood oxygen saturation/% 86(84,88) 86(83,87) -0.379 0. 705
Heart rate/bpm 76(70,85) 81(73,88) -2.130 0. 033
BMI/(kg/m?) 21.47(20. 45,23. 14) 21.91(20. 74,22.90) -0. 698 0.485
Right brain oxygen/% 68(64,72) 638(64,72) -0.707 0. 480
CMS value 3(1,5) 2(1,4) -0. 633 0.527
Digital decoding 51.0(40.0,65.0) 50.5(38.3,60.8) -0. 894 0.371
Target tracking/Correct point counting 144.0(132.0,156.0) 140.5(132.6,152.5) -0.734 0. 463
Average visual reaction time/s 0.71(0.63,0.78) 0.66(0.61,0.73) -1.813 0.070
Average auditory reaction time/s 0.21(0.19,0.24) 0.21(0.19,0.23) -1. 180 0.238
Spatial location memory span test 10(8,11) 10(8,11) -0. 508 0.612
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Table 2 Comparison of blood indicators between the normal retinal vascular group and the abnormal

retinal vascular group [M(P,, P,;) ]

Normal retinal vascular group

Abnormal retinal vascular group

tndicator (n=115) (n=65) g P
Total protein/(g/L) 75.8(73.2,78.4) 76.1(73.4,79.3) -0. 407 0. 684
Albumin/(g/L) 53.6(51.5,55.7) 53.6(51.9,56.1) -0. 865 0.387
Total bilirubin/( wmol/L) 23.4(16.4,31.9) 26.4(17.9,33.9) -1.260 0. 208
Direct bilirubin/( wmol/L) 7.0(5.5,9.8) 8.2(5.1,10.4) -0.751 0. 453
Total bile acid/( pmol/L) 2.5(1.0,4.6) 2.2(1.0,3.7) -0.913 0.361
Alkaline phosphatase/(U/L) 69(59,83) 72(62,83) -0. 821 0.412
Gamma-glutamyl transferase/(U/L) 25.0(20.0,33.0) 28.0(20.5,35.0) -1. 341 0. 180
Alanine aminotransferase/(U/L) 22.0(17.0,29.0) 20.0(15.5,28.0) -0.957 0.339
Aspartate aminotransferase/(U/L) 20(16,23) 19(17,24) -0.233 0. 816
Indirect bilirubin/( mol/L) 16.1(11.4,22.1) 18.2(12.3,21.9) -1.246 0.213
Globulin/(g/L) 22.10(20. 10,24. 85) 21.80(19.90,24. 85) -0.344 0.731
AST/ALT ratio 0.88(0.71,1.17) 0.89(0.72,1.25) -0.434  0.665
White ball ratio 2.41(2.18,2.69) 2.48(2.17,2.74) -0.762 0. 446
Total cholesterol/(mmol/L) 3.75(3.41,4.30) 4.03(3.59,4.56) -2.134 0.033
Triglyceride/( mmol/L) 0.88(0.68,1.14) 0.94(0.76,1.27) —1.445 0. 149
High-density lipoprotein/(mmol/L) 1.01(0.89,1. 16) 1.08(0.92,1.18) -1.087 0.277
Low-density lipoprotein/(mmol/L) 1.41(0.92,2.41) 1.90(1.07,2.55) -1.671 0. 095
White blood cells/(x10°/L) 6.36(5.57,7. 14) 6.23(5.69,7.40) -0.299 0.765
Neutrophil/(x10%L) 2.90(2.22,3.81) 3.00(2.45,3.58) -0. 469 0. 639
Neutrophil percentage/% 46. 64(40. 64,57.20) 48.34(41.53,51.88) -0. 141 0. 888
Lymphocytes/(x10%/L) 2.63(2.06,3.02) 2.66(2.19,3.18) -1.038 0.299
Lymphocyte percentage/% 40. 54(32.40,48. 10) 42.14(37.49,48.08) -1. 111 0. 266
Monocyte/(x10%/L) 0.45(0.31,0.58) 0.40(0.31,0.55) -0.424 0. 671
Monocyte percentage/% 6.80(5.20,8. 80) 6.39(5.04,8.54) -0.263 0.793
Eosinophils/(x10%/L) 0. 08(0.05,0. 14) 0. 08(0.05,0.13) -0. 547 0.584
Eosinophil percentage/% 1.30(0.90,1. 80) 1.40(0. 88,2. 13) -0. 548 0.584
Basophil/ x10°/L, 0.01(0. 00,0.03) 0.01(0.01,0.03) -0.777 0. 437
Basophil percentage/% 0.24(0.04,0. 60) 0.24(0. 14,0. 53) -0.724 0.469
Red blood cells/(x10'/L) 6.36(6.00,6.91) 6.26(6.04,6.86) -0.244 0. 807
Hemoglobin/(g/L) 196. 0(184.0,208.0) 193.5(185.0,204.5) -0.222 0. 825
Hematocrit/% 59.5(55.0,64.0) 59.4(55.7,63.7) -0. 047 0. 962
Mean corpuscular volume/fl 91.5(89.2,94.7) 91.1(88.9,94.5) -0. 481 0.630
Mean corpuscular hemoglobin/pg 30. 6(29.8,31.6) 30.5(29.8,31.2) -0. 842 0. 400
Mean corpuscular hemoglobin concentration/(g/L) 334(328,340) 335(330,339) -0. 144 0. 885
Red blood cell distribution width-SD/fl 43(41,45) 43(41,45) -0.277 0.782
Red blood cell distribution width-CV/% 13(13,14) 13(13,14) -0.816 0.415
Platelet/(x10°/L) 213.00(183. 00,249.00) 227.50(186.00,264. 25) -1.471 0. 141
Plateleterit/% 0.24(0.21,0.29) 0.26(0.23,0.30) -1.839 0. 066
Mean platelet volume/fl 11.5(10.7,12.3) 11.3(10.4,12.3) —-0. 695 0. 487
Platelet distribution width/% 14. 60(12.70,16. 40) 14.20(12.30,16.33) -0.534 0. 594
Large platelet ratio/% 37.00(29. 80,43. 40) 35.75(27.65,44.15) -0.677 0.498
Urea/(mmol/L) 6.40(5.40,7.63) 6.40(5.30,7.15) -1.031 0.303
Crea/(pmol/L) 84.0(75.8,95.3) 86.0(76.5,95.0) -0.207 0. 836
Urea acid/(pumol/L) 439. 0(386.5,506.0) 453.0(417.0,501.5) -0. 675 0. 500
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Table 3 Multivariate logistic regression analysis of retinal vascular abnormalities in high-altitude populations

Variable B Standard error Wald freedom Salience Exp(B) 95%CI
Heart rate 0.033 0.015 4.569 1 0.033 1.033 1.003~1. 064
Average visual reaction time -3.362 1.550 4.706 1 0.030 0.035 0. 002~0. 723
GGT -0. 006 0.011 0.319 1 0.572 0. 994 0.974~1.015
CHOL 0. 625 0.317 3.888 1 0. 049 1. 868 1.004~3. 477
TG -0.359 0.410 0. 766 1 0. 381 0. 698 0.313~1. 560
LDL 0.219 0. 195 1.257 1 0.262 1.245 0. 849~1. 826
PLT 0. 002 0. 006 0. 155 1 0. 693 1. 002 0.991~1.014
PCT 3.324 5.190 0.410 1 0.522 27.758 0.001~726 463. 581
HCT_ 0.023 0.031 0. 555 1 0. 456 1.023 0.963~1. 087
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