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Table 1 Effects of high altitude on cardiovascular responses in Ladakhi women dwellers
(n=806)
Altitude 2500 m 3472 m 4084 m ANOWA,
Items n Wean 5D n hean SD n hean SD F—valug valug
Age 51 52.7 116 | 635 626 108 | 110 603 101 1.01 NS,
B &1 45.0 104 | 635 517 82 | 110 | 520 51 268 NS,
Helght i1 151 4 B0 | 635 | 1517 9 | 110 | 1520 60 013 NS
Bl 61 213 37 | 635 205 38 [ 110 205 32 280 NS,
Systolic BP sitting i1 1270 217 | 631 | 1348 223 | 109 | 1350 2437 338 <005
Diastolic BP sitting 61 513 121 | 630 | 853 125 | 108 837 146 328 <005
Systolic BP supine &1 1260 201 | 630 | 1286 216 | 108 | 1278 215 088 NS,
Diasta lic BP supine 51 768 122 | 630 | 785 128 | 108 784 128 140 NS,
Systolic BP standing &1 1248 215 | 628 | 1284 217 | 108 | 1265 224 083 NS,
Diastolic BP standing | &1 824 126 | 627 846 122 108 | 810 137 435 <005
ASystolic BP 61 -13 138 | 627 17 136 | 108 -13 57 0.06 NS,
OH Systolic BP (%) i1 67 627 77 108 75 010% NS
OHT Systolic BP (%) 61 33 528 46 108 19 1 B0k NS,
5p02 i1 878 58 |620 | a&7a 55 | 109 884 54 061 NS
Pulse rate 51 833 13.7 | 619 768 141 | 108 732 113 1051 <0.001
ECG HR &1 741 143 | 633 654 120 | 108 667 124 718 <0005
1st degree AV block (%) | 60 0 618 08 EE] 30 5.02% <005
ST depression (%) 0 0 615 70 EE] 102 515% <005
Abnarrmal G (%) 0 17 613 05 a7 41 11 01% <0005
SV +RYE (mm) 61 247 67 | 619 238 75 |10z | 253 94 161 NS,
CAWT mean (m/sec) i1 509 220 | @33 814 135 | 109 858 159 429 <005
CAVI max (m/sec) 61 568 244 | 633 557 164 | 108 5.05 177 362 <005
abhreviation; see the text *; Xg—\;'a\ue
Table 2 Effects of high altitude on cardiovascular responses in Ladakhi men dwellers
(n=528)
Altitude 2486 m 3475 m 4080 m ANOVA
ltems n Mean =D n Mean sSD n Mean sD F—value pvalue
Age 66 627 116 | 390 | 626 108 | 72 603 101 146 NS,
B 66 607 115 | 389 614 105 | 72 616 112 014 NS,
Height 66 | 1603 62 |389 | 1622 74 | 72 1623 71 211 NS
BMI 66 235 37 | 389 234 38 | 72 233 35 007 NS
Systolic BP sitting 66 | 1337 212 | 388 | 1387 253 | 70 1344 218 194 =
Diastolic BP sitting 66 548 108 | 388 | 864 127 | 6% 848 1186 088 NS,
Systolic BP supine 66 | 1334 19.0 | 387 | 1334 218 | 70 1288 202 078 NS,
Diastolic BP supine 66 502 83 | 387 505 126 | 70 815 114 025 NS,
Systolic BP standing 66 | 1308 194 | 386 | 1321 240 | 70 1265 206 1372 NS
Diastolic BP standing 66 852 131 | 386 855 128 | 70 836 130 061 =
ASystolic BP 66 22 121 | 386 1.4 1358 | 70 -32 112 062 NS,
OH Systolic BP (%) 66 45 386 74 70 100 1.55% NS,
OHT Svstolic BP (%) 66 30 386 52 70 28 115% NS,
Spo2 66 582 48 | 377 | 882 45 | 69 574 56 083 NS,
Pulse_rate 66 783 128 | a7z 745 135 | 68 732 116 289 NS
ECG HR 66 706 123 | 389 57.2 128 | A9 66.2 121 246 NS,
1st degres AW block (%) | 66 0 384 23 65 0 312% NS,
ST depression (%) 66 0 375 45 85 15 4 55% NS,
Abnormal G (%) 66 0 374 19 64 0 2.35% NS,
S +RVE (rmm) 66 267 93 | 374 244 85 | 64 260 108 241 NS
AW mean (m/sec) 66 873 143 | 389 875 172 | A 508 174 117 NS
CAV max (misec) 86 5.26 166 | 389 506 206 | T 963 218 1.02 =

abbreviation; see the text.

*x value



FEFTAN OB SN B Y2 OREHIIES)

CAVI & Kl (FAF Crfli. p<0.05) TH - 72,
Tbb, ZIETIE, SpO, e AR ML R &
ME 508 Ly B ok s mE, Ik
L AR EITE AR R L7z, Thbb,
BN oMk, EZReR T b bR Zm R
B TG L. B0 BR R0 I B & AR L AR
LTWaBIZEMNHEESINL, L., #EISICHR
Bhd by, MECEIRBEALE X, SIToOREICS
CLCmlAy, 1E0EZE7ay 7 - STKT - £
HQUWOHED MPETH - 72,

—J. BEYEToOMETIX, El. KE, FE.
BMI. SpO, (2. 3MXHITHE LA EOZEE R L.
BEA. - BARL - AL, AP IEZE . DREA
. OEREOLE. BIIRELE CAVI IZB W

THHEEDEIALN Lo T LERFTRLTD,
1EOREZE7ay 7, STIRT., 2% QM
WCABEI P72, Thbb, BT, Spo,
R VPRI E R B I 2 13 U b &3 40 R
BeREIZ, 27 < &b 4590m £ TOEATIC, +9
WIS LT Wb e s e,

W, BPNCIE & EFoHB. Spo, &
. 72 5 ONT CAVI & 4R i & ORI B & MG L7z,
WEN LA LA EOMBREHE S N5 A8,
ZORNTIHE LA ROBLEIBIg SN (&
3o

X 5 13 4EHIHED SpO, DK T DA FLAT, Bt
I _LETRENI EZ, X6 IFERICHE) M
JEO LR OHEA, BEL Y b LKETREVI L

Table 3 Gender difference of comelation between cardiovascular functions and age

Warnen (n=1076) Men (n=773) Difference of slope
Slope of linear regression line
for age CorrellaFion slope CorrellaT:ion slope t—value p—value
coefficient coefficient
Age vs. Systolic BP sitting 05038 07819 03508 05024 431 <0000
Age vs. Diasolic BP sitting 03607 03253 01911 01480 465 <0000
Age vs. Systolic BP supine 04835 07008 03852 05151 316 <0005
Age vs. Diastolic BP supine 04184 03730 02761 02169 424 <0.0001
Age vs. Systolic BP standing 04541 06643 03089 04220 3586 < 00005
Age vs. Diasolic BP standing 03782 (01.3361 01830 01478 4585 <0000
Age vs. Sp02 —03286 —01215 —02232 —0.0670 356 <0.0005
Age vs. CAVI mean 06260 00646 06173 00647 —0.02 =3
Age vs, CAVI max 06124 00731 05885 00736 —010 =3
§ 100 = ——) _I_I J:. % 100 I
CLIPTI == = - LT
== = ;
a0 = - an m -
o s - e
T = =T T E Bl
60 = 60 o
=) 0

0 10 20 30 40 50 60 T0 S0 20100

Aze

y=-01215% + 946
(r=-0.3296, p=0.00001)

0 10 20 30 40 50 60 TO S0 %0100
Age
yv=-0.0670%x +923
(r=-0.2232, p=0.00001)

E5 FEEBICHD SpO, DET. ZOHEIF. B [XA) LWUEXME [®E) TKREL.
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Summary

Chronoecological Health Watch in Ladakh Dwellers:
Pronounced Adaptation to Ambient Hypoxia in Men than in Women

Kuniaki Otsuka'’ , Tsering Norboo”’ , Yoshiko Nishimura" , Gaku Yamanaka' ,
Motonao Ishikawa" , Shun Nakajima1> , Reiko Hozo" ,
Ryota Sakamoto’’ , Kozo Matsubayashi4> , Kiyohito Okumiya3>

1) Department of Medicine, Tokyo Women’s Medical University, Medical Center East, Tokyo
2) Ladakh Institute of Prevention, Leh, Ladakh
3) Resarch Institute for Humanity and Nature, Kyoto
4) Center for Southeast Asian Studies, Kyoto University, Kyoto

Aim: Numerous physiologic studies attempted to explain the effects of ambient hypoxia on humans, and now we
know how humans adapted to it through changes in the expression of hypoxia-related genes. However, little is
investigated about the gender difference from a view point of glocal (combined global and local) comprehensive
assessment. Methods: We studied the effects of high altitude on pulse oximetry (SpO,), blood pressure (BP), heart
rate (HR), aortic stiffness of cardio-ankle vascular index (CAVI). Subjects were 1,858 Ladakhis (777 men and 1081
women). We investigated the gender difference of compensatory mechanisms by comparing the cardiovascular
functions among 3 groups of high altitudes, i.e., from 2500 to 3000 m, from 3200 to 3720 m, and from 3800 to
4590m. Results: There observed no significant differences of the cardiovascular function among the three altitudes
in men, but in women systolic BP became higher along with the altitudes and incidences of ECG findings, including
1" degree of AV block, ST depression and abnormal Q waves, became more frequent along with altitude. In
addition, Ladakhi women showed steeper negative slope of the regression line between SpO, and age, and larger
slope of the regression line between systolic and diastolic BPs and age, compared with Ladakhi men. Conclusions:
Our study indicates an existence of gender difference of adaptation to ambient hypoxia especially on cardiovascular
functions, which suggests a need for the glocal comprehensive assessment for the better diagnosis and for the more
fruitful treatment in community dwellers, especially at higher altitude.

Key Words: Himalayan valley, hypobaric hypoxia, life style, adaptation to high altitude, pronounced adaptation in

men



