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1 FATHREOER
~b— TH—=
ARAFY AT 4H FH—F—  Fy A
Number 92 62 66 113
Cotahuasi Cotahuasi Leh Leh
Area [2600m](92) [2600m](20) [3200m](11) [3200m](113)
[altitude] (A %R) Churca Domkhar
[3800m](42) [3800m](55)
— ; :
Age 73.3£8.4 67.1£9.4 62.849.9 65.6£0.9
Male/Female 38/54 19/43 26/40 48/65
[ S| ]+
BMI 24.1+4.8 22.9+2.7 21.343.2 23.1£3.9
[ - T E ]
SBP 130.4+21.7 117.2+18.2 140.0+£23.7 142.8+28.6
M T .
DBP 72.0£11.1 72.7£10.3 85.0£12.5 83.3£13.7
[ [« . [+
PR 66.2+11.9 78.0£10.0 67.3£11.8 66.249.9
[ 1o T T b
SpO, 93.84£3.0 89.5+5.1 92.1£3.9 89.6+4.0
HT(%) 22/91(24.2) 7/61(11.5) 29/65(44.6) 54/112(48.2)
DM(%)* 12/89(13.5) 8/48(16.7) 6/66(9.1) 1/113(0.9)

FEHLITFH4SD T#oR L7z, BMI=Body Mass Index, SBP=Systolic Blood Pressure,
DBP=Diastolic Blood Pressure, PR=Pulse rate, SpO,=Saturation of pulse oximetry,
HT(%)=Prevalence of Hypertension(SBP/DBP = 140/90mmHg), DM(%)=Prevalence of
Diabetes* (22 W7 3 113X 22 REHF Y 126me/dl LA b % 5595 & 2218 L 72)

5 P<0.01, 4 ;p<0.05

xK2 BRMER
- FH—7
HH AATF Y AT 4 A TR —F— Fy R A
I | - Il
Hb(g/dl) 15.3+1.6 16.2+1.8 15.4+2.7 14.1£2.2
[ T ot
FBS(mg/dl) 112.0£38.0 106.5+19.6 104.6+28.1 94.9+12.0
*
HbA1c(%) 6.1£1.6 5.5+0.3 5.7+0.7 5.9+0.6
[ 1 )
T-Chol(mg/dl) ~ 201.1+42.4 191.7+33.7 172.6+33.2 175.0+36.5
| | {13 * | *
TG(mg/dl) 138.4+69.9 154.2+110.9 98.1+43.6 91.1446.6
[ I ‘
LDL(mg/dl) 132.4+35.5 120.8+27.6 107.2£25.0 111.2+30.9
| | " J
HDL(mg/dl) 40.5+13.5 42.9+15.0 51.2+10.6 48.49.4
| | * |« -«
LDL/HDL 3.61.7 3.1+1.3 2.240.6 2.4+0.7

il RV X P £SD T#oR L7z, Hb=Hemoglobin, FBS=Fasting Blood Sugar,
HbA 1c=Glycosylated Hemoglobin, T-Cho=Total Cholesterol, TG=Triglyceride,
LDL=Low-Density Lipoprotein-Cholesterol, HDL=High-Density Lipoprotein-Cholesterol,

i P<0.01, 44;p<0.05
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Value B CI [ lower — upper ] T-value P-value
Area* -0.43 [-1819 — -0937 ] -6.18 <0.0001*
Age -0.09 [ -0.049 — 0.009 ] -1.35 0.1784
Sex* 0.44 [ 0748 — 1308 ] 7.25 <0.0001*
BMI 0.22 [ 0058 — 0200 ] 3.60 0.0004*
HR 0.18 [ 0009 — 0.063 ] 2.59 0.0104*

BMI=Body Mass Index, HR=Heart rate, SBP=Systolic Blood Pressure

Area: 7 X — 7 BYL—ITxF LT Sex: B LR LT
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R4 DEBTREERER

~L— FE—=
ARF Y AT A4A TH—F— Fy FA
LVDd, mm 43.0+5.8 41.943.9 45.147.1 45.6+7.7
LVDs, mm 30.5+17.6 26.8+5.1 29.2+8.0 28.6+10.0
LVEF, % 61.7+10.9 65.448.8 66.6+10.0 68.349.1°

FERITPHESD THER L7z, LVDd=Left Ventricular Dimension-diastole, LVDs=Left
Ventricular Dimension-systole, LVEF=Left Ventricular Ejection Fraction

Tp=0.003 for A AF Y vs. FXvy kA

%5 EFICBY 2 S5EEBEBMAT

Value i) CI [ lower—upper ] T-value P-value
Area* -0.33 [ -8.116 — -2376] -3.46 0.0004*
DBP -0.13 [ -0227 - 0.026 ] -1.57 0.118
Sex* -0.12 [ 2749 - 0297 ] -1.59 0.114
BMI 0.11 [ 069 - 0.119 ] -1.40 0.164
HbAlc -0.13 [ -3.957 - 0350 ] -1.65 0.100

BMI=Body Mass Index, HbAlc=Glycosylated Hemoglobin
Area: ~UL—I3T X — 72k LT Sex: BN L IEIZHE LT
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Summary

Differences in High Altitude Adaptation between the Andes and
Ladakh
Reiko Hozo" , Kuniaki Suwa" , Shun Nakajima” , Motonao Ishikawa" ,
Naomune Yamamoto'’ , Tsering Norboo” , Kiyohito Okumiya3> ,
Kozo Matsubayashi4> , Kuniaki Otsuka'’

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

Adaptation to high altitudes differs according to area and race. One of the fundamental physiological responses
to hypoxia is an increased hemoglobin concentration. However, as we previously reported, in Ladakh, our
investigation revealed not increased hemoglobin but rather a high ejection fraction (EF). To clarify differences in
adaptation according to area and race, we evaluated hemoglobin concentrations and cardiac functions in Peru and
Ladakh (altitude; 2600-3800 m).

We recruited 154 subjects from Cotahuasi (2600 m) [ethnicity: Mestizo/Indio=92/20] and Churca (3800 m)
[ethnicity: Mestizo/Indio=0/42] in Peru in August 2010 (Mestizo: age=73.3+8.4years, sex M/F=38/54 and Indio:
age=67.1+9.4years, sex M/F=19/43), and 179 subjects from Leh (3200 m) [ethnicity: Ladakhi/Tibetan=11/113] and
Domkhar (3800 m) [ethnicity: Ladakhi/Tibetan=55/0] in Ladakh, India in September 2010 (Ladakhi; age=62.8+
9.9years, sex M/F=26/42 and Tibetan; age=65.6+0.9years, sex M/F=48/65). We assessed cardiac functions using
echocardiography and laboratory tests.

The hemoglobin level in Peru was higher than that in Ladakh, and in both Peru and Ladakh, that of subjects
living in the highlands was higher than that of those in the lowlands (Cotahuasi: 15.3+£0.19 vs. Churca: 16.9+0.39g/
dl, P=0.0015; Leh: 14.3+0.18 vs. Domkhar:15.5+0.31g/dl, P=0.0063). As to ethnicity, the hemoglobin level of
Tibetans was significantly lower than that of other subjects (Tibetan: 14.1+£2.2g/dl vs. Ladakhi: 15.4+2.7g/dl,
P=0.0003, vs. Mestizo: 15.3£1.6g/dl, P=0.0005, vs. Indio: 16.2+1.8g/dl, P<0.0001).

On the other hand, EF was higher in Ladakh than in Peru, and there was a slightly significant difference between
lowland dwellers in Peru and Ladakh (Cotahuasi: 61.8+1.4% vs. Leh: 67.9£1.05%, P=0.0035). EF was higher in
those living in the highlands than in subjects in the lowlands of Peru (Cotahuasi: 61.8+1.4 vs. Churca: 65.7£1.91%,
P=0.37) but there was no difference in Ladakh. As to ethnicity, EF was significantly higher in Tibetans than in
Mestizos (Tibetan: 68.3+9.1% vs. Mestizo: 61.7£10.9%, P=0.003).

There are differences in adaptation to high altitude environments between the Andes and the Ladakh area, and

between Tibetans and other ethnic groups.



