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[ Abstract] Objective To investigate the prevalence and influencing factors of isolated diastolic hypertension
(IDH) in the Tibetan population in Tibet and to provide some evidence for the prevention and control of hypertension
and other related diseases in high-altitude areas. Methods A multistage stratified whole-group random sampling
method was used to enroll participants from Ngari Prefecture, Nagqu City, Shannan City, and Lhasa City, Tibet. A total of
3918 native Tibetans with complete data were enrolled in the survey between June 2020 and August 2023. The
participants were aged from 18 to 80. The demographic data, life habits, and chronic disease prevalence of the participants
were collected. Fasting venous blood samples were collected to perform the routine blood tests and blood biochemistry
tests. The prevalence of IDH in subgroups with different characteristics was analyzed and the influencing factors were
analyzed by multivariate logistic regression, accordingly. The predictive value of influencing factors on the prevalence of
IDH was analyzed by the receiver operating characteristic (ROC) curve and the findings were compared with those of the
previous prediction models for IDH. Results  The prevalence of hypertension in the participants was 33.7% (n=1321),
among which, 395 had IDH, accounting for 29.9% of the hypertensive patients. The results of multivariate regression
showed that age, heart rate, body mass index, waist circumference, hemoglobin, and low-density lipoprotein cholesterol
were associated with risks of developing IDH (P<0.05). The area under the ROC curve (AUC) was 0.71, which indicated
improved accuracy for predicting the risks for IDH in comparison with previous predictive models for IDH. Among the
influencing factors, BMI showed the best predictive value for IDH risks. Conclusion = The prevalence of IDH is high
among Tibetans in Tibet, suggesting the necessity for rational allocation of health resources in accordance. Compared
with the previous IDH prediction models, the model proposed in this study is more suited for the Tibetan population.
Targeted interventions should be carried out for the high-risk populations, such as young and middle-aged adults and
populations suffering from overweight/obesity, central obesity, high-altitude polycythemia, and dyslipidemia, so as to
effectively control the occurrence and development of IDH.
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Table1 Demographic distribution characteristics of different subtypes of hypertension

Variable

No hypertension (n=2597)

ISH (n=124)

IDH (1n=395)

SDH (1=586)

Controlling hypertension (n=216)

Altitude/m

Pneumatic pressure/mmHg

Oxygen content/%

Sex/case (%)

Men
Women

Agelyr.

Type of residence/case (%)
Town
Rural/farming/stockbreeding

Education attainment/case (%)
Illiterate
Primary school
Junior middle school or above

Employment status/case (%)
Employed
Retired
Student
Unemployed
Farmers/herdsmen

Marital status/case (%)
Single
Married
Other

Annual gross income/case (%)
<12000 yuan
12000-19999 yuan
20000-59999 yuan
60000-99 999 yuan
100000-190 000 yuan
>200000 yuan

Poverty/case (%)

No
Yes

Insurance/case (%)
No
Yes

Exercise/case (%)
Almost never
1-2 times/week
3-5 times/week

Almost daily

4467.04+372.68
50.80+4.20
11.89+0.61

1032 (40)
1565 (60)
39.72+12.62

142 (6)
2455 (94)

1751 (67)
415 (16)
431 (17)

471 (18)
40 (2)
26 (1)
111 (4)

1949 (75)

350 (14)
2196 (85)
51 (2)

690 (27)

865 (33)

881 (34)
63(2)
70 (3)
28 (1)

1872 (72)
725 (28)

79 (3)
2518 (97)

1690 (65)
152 (6)
98 (4)

657 (25)

4156.21+469.26 4414.23+397.65 4279.23+445.60
54.38+5.31
12.43+0.78

46 (37)
78 (63)

57.29+13.61

5(4)
119 (96)

92 (74)
28 (23)
4(3)

10 (8)
6(5)
0
5(4)
103 (83)

8(7)
107 (86)
9(7)

41 (33)
41 (33)
40 (32)
0
1(1)
1(1)

99 (80)
25 (20)

6 (5)
118 (95)

67 (54)
2(2)
3(2)

52 (42)

51.40+4.50
11.98+0.66

200 (51)
195 (49)

46.72%12.31

31(8)
364 (92)

272 (69)
67 (17)
56 (14)

84 (21)
8(2)
1(1)
14 (3)

288 (73)

26 (7)
356 (90)
13 (3)

95 (24)

129 (33)

139 (35)
13 (3)
13(3)
6(2)

300 (76)
95 (24)

12 (3)
383 (97)

284 (72)
12(3)
12 (3)

87 (22)

52.96+5.07
12.21+0.74

263 (45)
323 (55)

57.33%11.73

26 (4)
560 (96)

417 (71)
142 (24)
27 (5)

75 (13)
13(2)
2(1)
21 (4)

475 (81)

43 (7)
501 (86)
42.(7)

175 (30)

181 (31)

211 (36)
10 (2)
6 (1)
3(1)

449 (77)
137 (23)

19 (3)
567 (97)

354 (60)
20 (3)
20 (3)

192 (33)

4410.14+398.79
51.45+4.51
11.99+0.66

98 (45)
118 (55)
47.96+13.91

32)
216 (98)

171 (79)
27 (13)
18 (8)

17 (8)
9(4)

1(1)

18 (8)
171 (79)

10 (5)
199 (92)
7 (3)

67 (31)

83 (38)

54 (25)
5(2)
1(1)
6(3)

149 (69)
67 (31)

9 (4)
207 (96)

113 (52)
8 (4)
7(3)

88 (41)
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Variable No hypertension (n=2597) ISH (n=124) IDH (n=395) SDH (n=586) Controlling hypertension (n=216)
Smoking/case (%)
Smoking 245 (9) 8(7) 43 (11) 35 (6) 20 (9)
Quit smoking 99 (4) 12 (10) 22 (6) 36 (6) 13 (6)
Non-smoking 2252 (87) 104 (84) 330 (84) 514 (88) 183 (85)
Drinking/case (%)
Drinking 314 (13) 19 (15) 62 (16) 79 (14) 25 (12)
Quit drinking 83 (3) 12 (10) 13 (3) 25 (4) 11 (5)
Non-drinking 2199 (85) 93 (75) 320 (81) 482 (82) 180 (83)
Family history of hypertension/case (%)
No 2391 (92) 115 (93) 361 (91) 514 (88) 197 (91)
Yes 206 (8) 9(7) 34(9) 72 (12) 19 (9)
Diabetes/case (%)

No 2515 (97) 114 (92) 374 (95) 539 (92) 198 (92)
Yes 82 (3) 10 (8) 21 (5) 47 (8) 18 (8)
Heart rate/min "’ 75.50+11.77 71.66+12.80 79.01+13.44 76.14£11.93 75.82+12.14
SBP/mmHg 111.68+22.49 148.90+9.48 129.06+7.76 160.94+17.28 116.42+12.82
DBP/mmHg 74.22+8.43 83.51+£5.88 94.58+5.10 103.55+9.39 77.15+8.14
BMI/(kg/m’) 23.60+2.58 25.48+2.92 26.31+8.28 26.45+3.57 24.28+2.40
WC/cm 81.34+9.98 88.27+8.45 89.07+11.32 90.63+9.64 85.02+10.06

RBC/(x10L7") 5.52+1.26 5.3240.76 5.65+0.82 5.43+0.86 5.64%0.77
HGB/(g/L) 166.51+26.53 160.49+£26.61  175.09+28.46 165.39+30.13 169.49+28.50
HCT 11.01+21.68 2.98+11.13 11.52+23.22 8.30£19.85 7.10£18.23
TC/(mmol/L) 5.33+1.87 5.43+1.68 5.72+1.62 5.90+3.29 5.50+1.77
TG/(mmol/L) 0.98+0.70 1.28+0.93 1.29+0.92 1.32+0.82 1.09+0.74
HDL-C/(mmol/L) 1.66+0.61 1.70+0.69 1.60+0.50 1.62+0.57 1.66+0.65
LDL-C/(mmol/L) 2.66+1.00 2.90+1.07 3.08+1.04 3.11£1.07 2.80+1.14
UA/(umol/L) 358.33+127.91 348.15+£116.03 407.94+143.13 376.97+136.10 378.61+£129.32
FBG/(mmol/L) 4.47+0.89 4.75+1.03 4.79+1.31 4.83+1.13 4.63+1.08
Hcy/(umol/L) 20.36+10.33 21.4+1.03 22.31+11.08 22.45+11.23 20.33+8.43

IDH: isolated diastolic hypertension; ISH: isolated systolic hypertension; SDH: systolic-diastolic hypertension; BMI: body mass index; WC: waist
circumference; UA: uric acid; FBG: fasting blood glucose; Hcy: homocysteine; TC: total cholesterol; TG: triglycerides; HDL-C: high-density lipoprotein
cholesterol; LDL-C: low-density lipoprotein cholesterol; RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit, or red blood cell-specific volume.

1 mmHg=0.133 kPa.

TG) . fik% i 5 4 A I [ B2 (low-density lipoprotein
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Table 2 Multivariate regression of the prevalence of IDH

Variable B SE  Wald OR (95% CI) P

Age 0.01 0.00 563 1.02(1.00,1.02)  0.01
Heart rate/min ' 0.02 000 2719 1.11(1.02,1.03) <0.01
BMI/(kg/m”) 0.10 0.02 2622 1.10(1.07,1.12) <0.01
WC/cm 0.02 001 1419 1.02(1.01,1.04) <0.01
HGB/(g/L) 0.01 0.0 10.51 1.01(1.00,1.01) <0.01

LDL-C/(mmol/L)  0.14 0.05 694 1.15(1.04,128) 0.1

B: unstandardized beta coefficient; CI: confidence interval; SE: standard
error; OR: odds ratio. The abbreviations are explained in the note to Table 1.

curve, AUC) }0.71, 4% | .[>3% . BMI, WC., HGBHILDL-
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Table 3 ROC curve results

Variable AUC 95% CI P

Age 0.57 0.54, 0.60 <0.01
Heart rate 0.57 0.54, 0.61 <0.01
BMI 0.69 0.67,0.72 <0.01
wC 0.65 0.63, 0.68 <0.01
HGB 0.59 0.56, 0.62 <0.01
LDL-C 0.60 0.57,0.63 <0.01
Predictive model 1 0.71 0.69, 0.74 <0.01
Predictive model 2 0.71 0.69, 0.74 <0.01
Predictive model 3 0.69 0.66, 0.72 <0.01

Predictive model 1: age, heart rate, BMI, WC, HGB, and LDL-C;
predictive model 2: age, heart rate, BMI, WC, HGB, LDL-C, and traditional
risk factors (smoking, drinking, family history of hypertension, etc.);

predictive model 3: Framingham Heart Study IDH predictive models.

*4 ROCHIZILBLER

Table 4 Comparison results of ROC curves

Variable V4 95% CI P

Predictive model 1 vs. Predictive model 2 0.35 0.00, 0.01 0.73
Predictive model 1 vs. Predictive model 3 2.11 0.01,0.04  0.03
Predictive model 2 vs. Predictive model 3 2.14  0.01,0.04 0.03

Predictive model 1: age, heart rate, BMI, WC, HGB, and LDL-C;
predictive model 2: age, heart rate, BMI, WC, HGB, LDL-C, and traditional
risk factors (smoking, drinking, family history of hypertension, etc.);
predictive model 3: Framingham Heart Study IDH predictive models.
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