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Abatract

Background: Age-related incresse in blood pressure {BP) throughour edulthood have been commonly
observed in industrialized and developing populabons which is generally not observed in tradidonal
populatons. Besed on studies in the Andes, Tien Shan, Pwnir and US leghlands, BI? values are
generally lower i high- than low-altimde populations. Ar present, Tiberans ace residing ar different
altitades in India and ligtle is knows about BP varation for this populacon.

Aimys: This study reporiz BE variation among Tibetans in India in view of the hypothesis of age-related
increase and of lower BP at high aldmde,

Subjacrs and methods: BP, heighn, wepght, meeps skinfold dhickmess (SFT), ood-upper arm
circumference (MUAC), and haemoglobin and haematoctit level were abtained from 1081 individuals
(P08 males, 383 femaies) at four different settlements, one beinp at high altmde (Choglamesar,
Leh; altitude: 3521 m) and three at low alutudes (Bylakuppe, Chandragin and Dielhi; aldmade: [ess than
1000 m), which were pooled. Compatison berween alutudes was camed out separately for che rwo
sexes and for the two ape groups: children and adolescents 10-19 years of age; and adulty 20 years and
above, Those independent variables thar could significantdy explain the vadance in systolic blood
pressure (SBF) and disstolic bload pressure (DRP) in stepwise megression were controlled for while
comparing high and low altmdes using analysis of covariance (AMNCOWVA).

Ressiirs: The three low-altimude samples showed similar vatues for adolt BP after conrolling for age and
other BP correlates. Ape was tughly correlated to adult BF for both males and females after adustng
for anthropometric and hacmatological variabics, A similar analysiz for children and adolescents
showed lower BP values ar high alotude.

Conciusior: Lower BP values among Tibetan children and adelescents at high altimade suggest that
altimude affects BP as previously hypothesized, but only in youth, Similar BP in adults st low and
high altitudes may reflect the effects of other variables on BP. Measures of adiposity (SFT, BMI
and MUAC) have a significant effect on BFP. Increase in BY with adull age is obseived in Tibetans,
which is similar ro the pameen observed among population: undergoing modemization.
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Introdoction

Variation in blopd pressure (BIY) has been the subject of extensive research because high
BI* is a common risk factor for cardiovascular and renal discase (Nissinen er al. 1988;
Kaplan and Opie 2006). It is generelly believed that both systolic blood pressure (SBF} and
diastolic blood pressure (DBP) are lower in the high than in the low-altitude populations
{Clegp et al. 1976; Frisancho 1979; Hanna 1999), Initial exposure to high altitude leads
to increase in BP which is auributed largely to increased autonomic or sympathenc
activity (Wollel <t al. 1994; Hanna 1995; Calbet 2003). SBI* and DBP gradually decline,
after years of residence at high altitude, even falling below those observed ar sea level
{Marticorena et al. 196%; Ruiz and Penaloza 1977; Mirrakhimov 1978; Hanna 1699).
Compared with residents living ar sea level, Andean residents at high alomode have lower
resting BP, especially SBP (Hurtado 1964; Ruiz and Peneloza 1977). Furthermore, fugh-
altimde residents who mugrate o sea level show gradual elevadoens in BT levelz (Hanna
1999), Studics on US Whites born at low shitude lLiving ar high altitde showed that the
degree of decline in systemic BP is a function of length of ime at residence at high altmde
{Marticorena et al. 1969}, The long-tcrm residents and natves of high aliitude Andes show
teduced BP, lower rates of hypertension, and lower cardiac anomalies (Hurtado 1964
Ruiz and Penaloza 1977). This observation is also obssrved in some onther high-altitude
pepulations like Sherpas (Basu et al. 19B4), natves of Tien Shap and the Pamir
(Mirrakhimer 1971, cited hy Mirrakhimov 1978) and the people in the Ambars region
in Etnopia (Beall et al, 1997),

The cause of decline in BP at high altitude has been atributed 1o relaxation of vascular
smooth muscle, an increase in collateral circulaton, increased vascuianzation, higher
red bloed cell level and haemaglobin level, hypocalornic stress and disenses like respiratory
tract ailments {Grande 1964; Maddocks and Vines 1966; Tenney and Qu 1278; Penaloza
1971, ciied by Clegg et al. 1976; Frisancho 1979, 1993; Heath and Williams 1989;
Leon-Velarde er al. 1093,

Some gtudies like Heff and Garmato (3977}, Rothhammer (1987, cited by Hanna 1999},
Olziikhutag and Danilov (1984) and Diasgupta et al, {1982) did net find any effict of altitude
on BP on rhe natives of Andes, natve Ameticans of Chile, natgves of Mongolia and an
agriculiural population of India, respecuvely. A few studies showed just the opposite
relationship, that is, hiph-altitude residents showing higher BP (Ethiopia: Harrison et al.
1969 and Clegg et al. 1976; Tibetan in compadson to Han: Sun 1986). Another smudy
on Tibetans from a refugee settlement in India at low elitude repore lower BP values
{Sehgal aral, 1968). Stdes on other high-altitude Himalayan populations like Sherpa, who
trace their ancestry to Tibet [Oppitz 1974; Furer-Haimendorf 1975, 1984; Gupia 1981),
reported lower BP at high aldmide and a much smaller age-related increase in BP
(Weitz 1982; Basu er al. 1%84). But a recent study on Sherpa {Smith 1999) in the
modernizing Nepal showed elevated BP for bolh the altitudes. The vanation in BP was
explained by body mass index (BMI) and age and not by the altirude of residence.

Tibetang have been living in India at different altitndes since 1959, We report the variation
in BP among the Tibeians in Indie residing at different alindes, in view of the hypothesis
of age-related chanpge and lower BP at high alrimude,

Materials and methods

‘The migrant Tibetan refupees in India who were given asylum in India following
occupadon of Tibet by China in 1959 were seltled in 35 agriculnure-based setdements
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Figurc 1. Mup of India showing the four places under study - Choglamsar, Chandragiri, Bylekuppe
and Delhi.

as well as in colonies in a few cines. Three Tibetan settlements and one eolany (Figure 1)
in India with different ecological setiings have been selected for study.

Setlements at Bylakuppe (distict: Mysore; state: Kamataka; alomde: 800m),
Chandragiri (disirict: Gajapan; stare: Orissa; altitude: 970m) and a colony at Delhi
(altitude: 270 m) were selected ar low aldtude. The Tibetan settlemnents ar Bylakuppe and
Chandragiri were among the first to be established in India in the years 1960 and 1963,
respectively, and are thus the oldest Tibetan settlemcnt in India. Thus individuals below
40 years of age were born and raised at low altitude. The colony at Delhi was established in
two phases, the first phase in 1964 and the second phase in 1980. The low-aldmde places
differ in their ecological and cultural setings in subtle ways. Chandragiri is on the Eastern
Ghats, nearer 10 coast, and away from urban centres. It is also infested with malaria.
In contrast, Bylakuppe is on the Indian peninsular plateau, away from seacoast and 1s nearst
10 urban centres. The sertlement at Choglamsar (distncr: Leh; state: Jammu and Kashmiz;
alumde: 3521 m) is at high altirude. It is the only high altimde Tibetan settlement in India.
High altitude is defined as the zltitude above which most individuals experience some high-
altimde effects (Pawson and Jest 1978). Although no strict delimiter is defined as high
altitude, an alirude of 2500 m or 3000 m and above generally considered as high altmde.
The settlernent at Choglamsar was established in the year 1969, Since this settlement 15
at high altirude, migraton to this senlement is from high aldmde to high altirude and
length of residence does not marter in this settlement so far a8 almnde is eancerned.

Dictails abouk the physical features of the three settlernents have been described elsewhere
(Tripathy and Gupta 2005). Apart from being at high aeltitude, the ecology of Choglamsar
{high altitude) differs greatly from the three setlements ai Iow alttudes and can be described
as arid cold dessert. Three of the settlements are agriculture based. The setlements are
divided into smaller camps (villages) and groups. Agriculure is a source of stable incoms
for mest of the household. One crop per year is generally cultivated. Ar Bylekuppe some
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households cultivate even two crops per year. Apart from farming, most households are
engaged in informal business involving retailing to consumers and cracitional products like
winter wear, shoes, carpers, etg, The income generated from informal business is generally
much higher than farming, A {vw are engaged in small-scale industry such as carpet weaving,
handicraft, et¢. and few others are in the service secceor, The flourishing and emergent
ourism industry at Ladakh, and to some extent at Bylakuppe, provides occupational
opportunities for many.,

This study is based on cross-sectional data collected from April 2002 o September 2004.
Data were collected for individuals 10 vears of age or older. BP data on children and
adolescents were collected from Central schools for Tibetans at Delhi, Bylakuppe and
Chandragiri and SO8 Tibetan Children’s Village at Choglamsar Ieh. For adults, the
data were collected at the individual’s bome or community centres at Byvlakuppe,
Chandragiti and Choglamsar only. Children and adolescents were selected randomly in
the school based on their roll numbers in school attendance registers. For adults, camps
were randownly selected in each settiement and an attempt was made to enrol all the available
adults in the selected camps. Informed censent was obtained before taking the
measurernents. B values for the three low alotudes were ponled together and are referred
ta 85 the low-alotnde sample.

A mercury sphygmomanometer was used to measure BP. All the measurements were
taken on the left arm; subjects being in a seated posidon, with loswer end of the arm resting
nn the table top. Subjects were asked to relax and rest for 10min before the pressure
measurements wers taken. SBP was recorded gs the fOrst Korotkov sound (phase I).
DBP was taken as the disappesrance of the Korotkov sounds (phase V). Hypertension
classification among adults was done following JNC 7 {(US Department of Health and
Human Services 2003). Height, woight, skinfold thickness at triceps (SFT), mid-upper armn
circumference (MUAC), haemoglobin level and haematocrit percentage were also
measured. SFT and MUAC ware taken on the left arm. Anthropometric measurements
were taken following Weiner and Lourie (1981). Height was measured with the help of
Harpenden anthropometer rod, and weight with a bathroom spring scale, Height was
recorded ro the nearest millimetre, weight to nearest 0.5 kg, MUAC to nearsst millimetre
and skinfold thickness to the nearest 0.1mm. BMI was calculated as weight/(height)?
in kgm ™. Sahli*s hasmometer was used for estimaring haemoglohin leve! expressed as
g/ 10¢ mL. A LW Scientific Z1POcrit micro-haemaracrit centrifuge was used for estrnating
hasmatoctit. Aparr from its supposed physiological agsociadon with BP, haemoglobin level
and haematoctit are measnres to assess anaemia, which is one of the important components
of nutritional status (Path, US Agency far International Development 1997). Polyevthaemia
found commionly among Andean highlanders was not found in any of the Tibetan samiple.
Al the mcasurements were taken by single investigator (V.T.}.

The ages of the children and adnlescents were coilected from the school rocords and was
cross-checked with the individuals. Six months were deducted fom the reported age (based
on Tibetan animal element calender) for those adults who did not remember their date
of birth according o the Gregorian calendar {English calendar). The individuals are grouped
into 2-year age groups unti! age 20. Adults (20 years and above) were grouped into threc age
proups 20-34, 40-59 and 60+. Statistical analysis was carried out with MS Excel 2000 and
SPS$S 10.0. Log-normal variables like BP, skin SFT and MUAC were logarithmically
transformed 10 base e (In) while perfortning statistical analysis where normality of data
is presumed. Comparison of the three low-altitude places showed no difference for
BP values. Therefore, the data of the three low-altimde places were pooled and is referred o
as the low-altitude sample. Stepwise regression was performed to assess which variables
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éxplained the vanavion m SBP and DBP most significantly. These variables were thay
contralled for in ANCOVA for comparing low and high altitudes. Stepwise regression
and comparisons between the places of residence and between low and high altiiude;
were carried out separately far children and adolescents (10-19 years} and adults {20 years
and shove). Logistic regression was performed to test whether hypertension is significanily
associated with age, sex and altitude. The stage 1 and stage 2 hypertension were arouped
together as hypertensive, and normal and pre-hypertension were grouped together as normna)
while performing logistic regression.

Resnlty

For bath 3BP and DBP in children and adolescenrs, and in adults, there was nio difference
berween the three |ow-altiude places. Similar ANCOVA analysis comparing the [wur
places of residence (thre: low altitudes and one high altiude) showed sipnificant difference
(tesult not presented) for children and adelescents and not for adults. Table I and Fipure 2
compare the mean SBP and DBP at the rwo altitudes in males and females. A commaon
aspect in the graphs in Figure 2 is that for hoth males and females, both SBI and DBP shew
similar values at the two alticudes for ages above 20 years. For children and adolescents,
the high-alimide sample shows much lower values for BP, Table 11 presents the correlation
of SBI” and DBP with the variables age, height, weight, SFT, MUAC, BMI, haematocrit and
haemoglobin level for males and females, srratified by altitude and age group. MIUAC shows
sighificant correladon with SBP and DBP for both males and females at hoth alritudes and
both age groups. BMI alse shows significant correlanon with SBF and DBP excepr far
male children and adolescents at high algmde. Haemaroerit and hacmoglobin level show
non-significant correlation with SBF and DEI* for both age groups st high alttude. At low
altitude, hacmatocrit and haemoglobin level show significant correlations for male children
and adelescents. For adults at low altitade correlauon with both SBI* and DBT is significant
only for haemoglobin level for males and hasmatocnt with DBP for femnales. Significant
vorrelations are observed for more variables ar low altitude than at high altimode. In thale
childrets and adolescents at high altitade there i3 a sighificant correlation with DBP only
for MUAC.

Tabies III and I'V present the result of stepwise regressicn of SBP and DBP og age, height,
weight, SFT, MUAC, BMI, haemarocrit and baemoglobin level in children and adolescents
(Table I}, and adults (Table IV), separately far low and high altimde. MUAC i= associated
with SBP in children and sdolescents ar high altinade. There were no significant correlates
to DBP i male children and adolescents at high altitude. In low aluiiude male children and
adolescents, MUAC and SET were related to SBP, and SFT and haemoglobin level were
related 10 DBP. Among female children and adolescents ar high alticude BMI and age
were related 1o SBP, and SFT was related w DB, In low altitude female children and
adolescents MUAC and haematocrit were related tov SBP, and MUAC to DBP.

BMI, age and haematocrit wers associated with SBP and DBP ameong male adults at lew
alatude (Table IV). Amaong male adults at bath low and high altitudes the same correlates
were related to BP. MUAC was associated with SBP and DEP [or males at high altirude.
Among fernale adults at high altitude SFT was associated with SBP, and age with DBF.
At low alticade in female adults, age was related o SBP, and age and weight with DBP.

Table V presents the ANCOVA table comparing low and high altitudes for SBP and DBP
controlling for other correlates inn children and adolescents. In both sexes for children
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Table I. Mean and standard devistion for systolic and diastalic blead preesure st high and low altiudes.

High ahtitude Low aldtade
Age
Hex Bl L] Mean 5D n Mean sh E
Tsielic Mood préssimy
Male I0-Jl 12 oR. &7 11.00 a1 14.03 11.81 1.378
12-13 2] 08,10 428 14 103,717 B.71 270
1415 1 102,30 12.65 X3 108,72 12.92 2,322
1517 0 10610 11.2% 41 L1463 11.24 3.2 ge*
18-1% d 113,50 £.40 258 [15.17 13.83 0. 138
20-3% 1)) 121.20 14.00 45 i2253 17.27 0.154
40 55 15 133,00 14.89 3z 15,76 1%.23 —0,287
G4 24 141,00 17.52 il bl 145.0B 2013 08529
Female 10-11 18 G800 928 35 105.28 10.52 2478
1213 22 102.73 14.43 51 113.27 10.37 2.733=
14-1% 13 G846 140.71 41 105.34 12.18 1.761
18-17 24 104,75 L1.3h 2 | 109.84 10.60 1.763
1819 4 9G.00 L1102 10 103,40 1255 0.568
20-30 £ 11°7.08 LE.1& &7 1la.03 13.22 G162
4059 EL 13047 20,99 37 131.4% 21.87 ik 1H1
al+ as 148 26 3000 7 148.6% 14,63 0431
Teasiolic Mood precrune
Malke 10-11 12 32,53 11.39 51 63.19 BAE 3.403**
12-13 Zl 60,57 617 H 6372 E.57 1.305
14-15 33 6055 11.03 52 o451 1041 1.8
16-17% 20 58,50 B.S1 4l T0.12 934 4.630*
1R-1D 4 TLHA 3.00 bz T0.14 12.35 0.297
20-3% 10 75,5 404 45 TE.04 1462 1141
f}-5G 15 82,467 14.49 37 5297 15.i8 0.080
Gl 24 8467 7.01 1] BA.TY 1.4 0.2%1
Femnale 1311 18 55.56 7.65 s 54.20 B.B3 3. 524
12-13 £2 58,55 14.57 51 64. 98 10,93 2,194
14-1% L3 58.1% 11,3 d1 88407 9.5% £ a1
14 17 24 §1.17 10,08 al 70.95 &, 70 4.270+%
18-1%9 4 52.50 4.43 10 71.10 14,98 3.410EE
2039 1) 7217 11.57 LiF) .51 1249 1.69%5
4050 0 8307 11.81 A7 85.M 14.23 0.66d
-+ i3 A7 17.12 F7 g2.42 11,39 1.610

*p< (.03 **p <001

and adolescents the adjusted SBP and DBP values are significantly lower at high altitnde
than ai low alnmde.

Table V1 presents the above comparnsan for Tibetan aduhs, For adults there were o BP
differences berween altitudrs.

The slope of BP curves in Figure 2 shows that adults cxhibit a sharp increase in BP with
age, BP values among adnlts show increasing trend with age even when the effects of height,
weight, SFT, MUAC, BMI, haematoctit percentage and altitude were controlled for
in ANCOVA (For SBP, F value for age, males: 15.217 {p=-0.0{{)}, females: ]7.108
(p=0.000); for DBP, F value for age, males; 2,905 {p=0.002), fomales: 20.01%
(= 0.000).)

‘The prevalence of hypertension among Tibetan aduliz at high and low alitude is
presented in Table VII. Logisdc regression performed by taking sex, altiude and age
as independent variahle show that only age is significantly related to hypertension.
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Figure 2. Mean eysiolic and diasrolic bload pressurs vahies et high und iow alvtudes among Tibetans
in India.

Diacussion

Tibetans who are 10-19 years of age residing at high altiede show lower unadjusted and
sdrsted BI? values than rhose at low altitude, This confirms earlier studies (Hurtade 1964
Ruiz and Penaloza 1977; Mirrakhimov 1971, cited by Mirrekhimmov 1978; Basu gt al. 1934;
Beall ex al. 19373, In conrast t the Tiberan children and adolescents, Tiberan adulss show
similar BP values at both altitudes.

It is not clear why the present results do not find the altmude difference in BP among
adults. One factor may be prior exposute to high-altitude life since most adule above the age
of 40 years, irrespective of the present place of residence, were born at high aluiade.
This would produce grearer similarity of aduit BP adult at both altitudes. BP is, of course,
multi-factorial and is influenced by many lifestyle variables such as diet and nutrition,
physical activity, smoking, alcohol consumption, and mental stress (Stamler 19913, The
present study lacks data on physical activity, dietary intake, smoking, alcohal consurnption
and mental siress, and future work on alomade and adult BP should include such measures.
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Tahle II. Pearson’s comrelatian enefficient (7) beraren Blood pressure and other variabbes by alticade and age group.

Male Female

Age group Yariablcs " SBRP+ DRPt # SHPF LBPY

High alridy

Children and adolescents (10-19)  Age %) LIE™ 0,165 &1 0130 0.057
Height %0 0372 0.13% 81 0210 0218
Weight ) 0. 414m 0, 15 i 03T 0.285*
SFTY BO {125 —0.040 81 0180 0, 305%
MICACT 8 0413 0.22)% 81 0367 Q308
BMdI 9 Q29T 0147 Bl 0423 D.2ZB4*
Hacmatocrr 70 0,170 —0.519 6T =0.152 —0.124
Hb level 68 0110 0127 57 =0.145 —0.084

Aduls (204) Age 46 D460  0I0g¥ 101 0S4 (500
Height 47  0.ME 0004 R 0,225 0263
Weight 40 DAGD*E .338F oo Q270 L2RT
5FTY 43 0335+ o140 B 0.231% 0264
MUACH 43 0402%x [ 5TEY B7  0.27M% D268V
RMI 47T 0306%%  O0420%% 97 DAR4RR [raldve
Hactrawoerit 22 -0.111 =32 33 =0.D0l15 —0.041
FL leyel 22 036 —0.024 30 00535 0273

Lot aldioude

Childi=n and abelescents (10-191  Age 19 0360 0.222% 168 G025 it TRl
Height 188 0419 Q2667 168 0197 2. 274
Weight 198 Q467" 0040 167 Q290 0317
SFTt 198 0.272%  0.242** 167 02057 0.302**
MUACT 198 512 0353 J§7 0.A05% 0.348%%
BMI 108 O3ETY 2T 167 G308 Qg
Hoematoerr 135 0253 0073* 533 0,118 0040
Hb level 143 Q264%™ D198 87 0205 0.133

Adults (204) Age 142 QEQEM  O284%* 201 0.506%% {480
Hedght 156 —0.251% 0,169 191 0,183 -n122
Weight 138 276" O3TA%% 14T 0.245%% {294
SFT} By CdB2Y™ 0488 110 0205 0.235%
MUACH B4 Q4D 04S3rc 107 033 pATTEr
BMI 135 QARO* NSRS 190 0.317FE [ 36
Haematocrir 7% 0118 0.212 104 0102 0.239¥
HE lowel 63 Dae3ar 0.356%* g5 —0.061 o012

*In transformed.

*p< (.05, *tp< .01,

There is a cross-sectional age incresse in BP values at both the altitudes, the increase
heing sharper at high altitude than at low aldmde. An age-related increase in adul
BP sugecsls that other lifestyle factors might be pluying a major role as well, thus masking the
effect of zltitmade. The effect of lifestyle wvariables might be less among children and
adolescens and thus the effect of altirude is more discernible.

The measures of adiposity like SFT, BMI, MUAC and weight show srong correladion
with BP for both children znd adolescents, and aduls. In fact among children and
adolescents one of these variables, and not age, is most significant in stepwise regression
at both the altitudes for both the sexes. Among adulis, one measure of adiposity was
always found to significantly cxplain the variation in BP, except for femalces at high altitude
where age is the only significant variable. Thus adiposity seems to affect BP significantly
among Tibclang,
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Table TE. Result of soepwise regression entening the Veriables age, height, weight, skinfold thickness at iriecp,
{SFI4, mid-upper drm circumnietsnce (MUACH, BMI, hatmaeoceh and haemoglobin level far Tibetan shildgen
and wdolescents (10-19 weare),

S Altirade

Modei

R2

Wariables

B

SE

Beta

¥ 4
Dependent waviobie SEFY
Mals High ahirude 1 0.176 (Consttant) 3612 0285 12611 0000
MUAL 0338 0005 0.A1% 1548 GDm
Low sltitude 2 0.25%  (Congant 1598 0207 17349 0,000
MUAC 0321 0074 0.396 4.3 0600
SFT 0058 (028 0.186 20M 0.4y
Female  High altinde 3 0317 [(Constahr) 4709 Q.92 25022 00
BMI nO0ET D006 0707 4.6 0.500
Ajgr —0025  0.007 0521 -3 0.0
Hasmparocor =0009 0004 —0251 211 0.040
Low aldoade 2 0,174  (Congtant) 24611 0301 t1.59 {.000
MUAC 0265 0.0 0362 2816 0006
Haemaioett 00 D2 0276 2576 0012
Dependenr variabie; DEPE
Mds Low ahimade 2 122 (Conemnt) JHMm 01S) 2407 0
SFT 145 0032 0.302 422 0.0
Hb level o1 O00R 0.198 2.24 027
Female High altimde | 0,133  {Conmanc 321 0272 11397 {000
SFT nila 0011 03463 26828 4007
Low altinade 1 ;193 {Conmant’ d5H  (LAT 726 Q.00
MUAC RA0s 21 033 & 0182 Q000
th zansformed.

Table TV. Besulr of stepwise regression entering the vangbles age, beight, weight, skinfold thickness ar triceps
(8FT;¥, mid-upper arm ciroumfersnce (MUAC)T, BMI, heematocnit and haemoglobin level for Tibetan adules

{20 vears and abose).
Sex Adtingde Mixdel R* Variotles B SE Bemn 3 L.}
Deperident Variable: SBCY
Male High altitude 1 02523 {Consmwne) 10461 L.19 1.047 a1z
MUAC 0.879 G386 6541 2405 0031
Low albtude 3 0456  {Conswni) 34018  Oled 23859 0000
BMI 0.011 CL0od 0328 2.7 0008
Age 0.005 a.0i1 O ¥4 A6&1 [LRL
Haemarment 0010 0.00F 0341 2795 (.08
Female  High elbude 1 0227 [Conswant 4. 45 0.148 20254 0.0
SFT 0.148  0.05% 0476 2,708 0.012
Low altinade 1 0227  (Consmnot) 4550 0048 05,717 0040
Age 0.007 0.001 0.536 5274 0.OGD
Dependent varichly. DBEE
Malc High altitude 1 0.2480  {Constent} 1.504 1181 1.54 g1
MUAC 1.76h n.35¢ 0495 2,149 005
Low alntude 3 0460 {Conetent) 3103 024 14524 0000
BMI 0014 0405 0314 2431 0010
Haematoerie 0018 1. 005 s 423 0.0
Age 0004 0.2 0.363 3,135 o003
Fensle  High altimde 1 02380  {Constant) 4032  GO77 52,106 0000
Aga X 1] ] 1] 0538 % 138 g.004
Low dititade 2 0332  (Constant} 1007 0.004 41.64 060
Age 0007 .01 0487 4.541 n.oe)
Weight .03 0.0 0,254 2265 0.0

fin ransformed.
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Tabke V. ANCOVA comparing Jow and high alfitudes for SBP and DBP canmolling for variables significartly
affecting BF (from stepwise regresiion) among Tibetxa children and adolescerns [10-19 yeam).

Sex Sovarce Type OT suit of squares of Mean square F P

Dependert voriable: SR

Male Corrected mpdel] 1.428" 3 0375 3R.0TR Q.000
Tntercept 7.551 1 7.551 705 884 .30
MUACH 0.724 | 1.724 73433 Q.00
SFTY & 37E-4 1 4. JE4 0044 0.533
Alntude S.R4E-(2 1 5.84E02 5921 0016
Error 298 282 2.86E-03
Total 6227.032 255
Comected total S.006 285

Feraile Corrected randel 0437 5 5.93E-12 7.535 O.000
Intefcept 2119 1 2.119 178.718 QL0
EMI - H7E-02 1 5.67TE02 4.785 G030
Age .45 B2 1 S.46E-02 5.448 G2l
Has=matocrit 1.25E-02 1 1.25E-02 1.051 0.307
MUACT . B3E-02 1 2.85E-02 2404 0.123
Alrinade 6. 19B1)2 1 6. 19E-02 5.219 Q.oz4
Errar 1.636 138 1.13E02
Tetal 000,414 144
Corrected 1oial 2.083 143

Dependent varteble: DB

Manle Corrected model 0.679° 2 0224 TA2E 0000
Yestereepe 209034 1 20934 982212 000}
SFTt 0,132 1 0.132 5.002 0.026
Hb level T.22E02 1 T.22E02 2369 0.125
Mhdimde 0,366 1 1386 12.016 0.001
Emor 6126 am JF.09E-2
Total 3548964 205
Coorectad total a.80% 04

Female Cooreered Mokl 22514 3 0.75 23,533 0.000
Intercept 2.762 1 2. 762 B4.0453 00400
SFTt T.1EA)2 1 T.T1E02 2420 0.120
MUACY 0. 205 1 1.205 6469 0012
Ahdude (.B5O 1 0.B59 r.07s 0,000
Error T.746 244 3. 18E-02
Tl 4259 108 248
Comreeted total 9,007 247

"R =0288 (adjusted R’ =0.281); PR*=0.214 (adivered RE=0.1B6); *R*=0.100 (adpusted K =0.086);
R = 0,225 (adjnsred B®=0.218).
He ransformed.

Very few studies have reporied BP values or the prevalence of hypertension among the
Tibctans in Tibet and in Indis. In a study conducted in the year 1979, Sun (1986) reported
higher prevalence of hypertension among Tibetans ar Lhasa in Tiber compared to Hap,
a low-gltitude native populaton. The prevalence aof hypertension in our sample was much
higher than that reported by Sun (J986) for Tibetans in Tibet (Tripathy et sl, 200&). The
othar owo studies (Weitz 1982 and Schgal er al. 1968) on BP of Tibetans were based
on study samples of relatively recent migrant refugee populations in Nepal and India. Wetz
(1882} reported higher BP values a1 low aldwde than at high altinude. The BP wvalues
reported by Sehgal et al. (1968) among Tibetan adult males at Dalhousie (20661n) in India
were lower compared to American and Buropean samples. An unpublished report on
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Table VI ANCOVA comparing low and high aliinede places for SBF and DBP contrcliing for vadakleg
significanty affecung BP {frooy scepwite regttision) smong Tibetan adults (20 yeers and above}.

Sex Source Type I s of equares d.f Mear square F s

Dependen woriable: SEPY

Male Corrected mwndel 0,585 5 0117 B.624 4]
Intesvept {.346 1 0346 25.591 1]
MUACH 139502 | 1.39E-02 1.021 0316
BMI 1.47E-02 1 1 47E-0z2 1.045 0,30
Age 0.202 1 0.202 14.883 0
Haematornt 4. 00E-(y2 1 4.00E-02 2.947 0048
Altimade 6.11E-02 1 6.11E-04 0.045 0333
Brmor (1R ra) T2 1.36E)2
Taial 1521.76 (i:!
Correrned total 1.562 77

Female  Coerected moded 1.6567 3 0.563 27.671 o
Ineroept T5.414 1 T5.414 3IT07.00% 1
SETYt 0.136 I 0.186 9.162  o.non
Age 1.311 1 1,311 &64,42 a
Algrude 223405 1 2.23E-05 @.001 0.974
Brror 3,906 192 2.0ME-02
Tawl 4557834 196
Cormected toLal 5.505 195

Detrendent variahle: DED

Male= Cortexcted model 0,797 5 0.159 7.93 o
ntetcepr Q.188 | 0.168 B4 0.0
MIJAC 4 3.04E-02 1 3.0qE-02 1.511% Nn.2z3
BMIE 1L.U7E02 1 L.0TE={32 .53 o469
Haematnott 0,137 | 137 Y [ LRERN |
Age 0.187 [ 0.187 9,326  0.003
Alntad= 2.54E-04 1 2. 9E-04 naLs ¢.5H
Error 1448 72 2.01E-02
Tatal 1498, 487 i3
Cotrected ol 2345 77

Fermale Correcred mods! 3.343¢ 3 1.114 50.008 o
Iotcrocepy 136227 1 136227 Gl125301% 0
Age 2.362 1 2362 106,222 0
Weight 0.052 1 0902 40.539 L
Alrmde 3.50E02 1 A.50E-02 1.575 021
Fmx 6,499 292 2.22E2
Total 3¥72.1B8 295
Cormected towl 9.837 295

"R2=0.975 (adjnsed B2 =0.331); PR2=0.302 (adjusted RZ=0201); *R¥=0.355 {adjusted B°=0.310)
4R = (1.340 (adjosted RE =0.333).
In wansfirmed.

Tibetans ar a new settlement at Bylakuppe in South India, reports 80% prevalence
of hypertension among thosc 35 vears and above (Tsewang 2005). The only explananon
that was given by Sun (1986) for the higher prevalence of hypertension among Tiberans
compared o Han at high alttude was & higher intake of salt.

Migrant: from Tiber to India now experience a more sedentary and modernized way
of life. Bimilar changes have been cbserved by Penny-Damri {1994} in other settlements
in North India. The presence of zt least one medical clinic in the vicinity of the Tibetan
camps in the settlements and the awareness created by the Health programmes run by the
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Table VIN. Elypertenzion clagsificarion wnd logistic regresston on hypertension Liking age, sex and altrede as
mtependent viriables among Tiberan adulrs.

MNormal+prehyperension Stage 1 + stage 2 hypermension
Sen Altitude Age group " % n % Total
blaie High altiiude 20-39 8 80,00 r 20.00 10
40-59 8 53.30 ¥ 6. 70 15
&0+ 11 4780 12 2.4 23
Teal 217 5E.30 21 4220 43
Low altimde 2030 34 75.40 11 24 40 45
40-59 26 T30 11 X270 ET)
60+ 15 32.30 39 67.20 W
Towl r 54,40 61 45 60 140
Feouale High altitnde 2039 20 5050 1 19.40 36
40-50 2E T0.00 g 30.00 30
60+ 12 35.30 22 4. 70 34
Tual 62 G2 M i | a8.00 100
Low aldtude -39 61 91.00 & 9.08 w7
=50 33 &4.40 i9 520 a4
60+ 19 26.40 53 T3.60 T2
Total 113 5%.50 749 40,40 193
Wariables B SE Wald d.f. . Exp(B;
Conseant —3.324 0358 85.001 1 0.000 0.036
Apge 0.05% 0.006 89438 1 0.000 1.061
Sex(1) —0.125 0.214 2.340 1 0.560 0.583
Altituda(1} -0.152 0,224 O-4od L 0.496 0.2599

Caregorical variablas coding: altivude: low aldmds: {1, high albtwde: 1; sex: female: 0, maie: 1.

Deparmment of Healdh, Central Tibetan adminisration as well as by the Indian Hozpitals
near the sentlements has resulted in better health scatus so far as nuitional starus and
infectious diseases are concermned. Populadons with adequate nutridonegl stams, and even
a tendency towards obesity, show lower incidences of infectious diseases and generally
higher BPF values (Stamler 1991; Park 2002; Kaplan and Opie 2D00).

Lower BP velues at high altitude among children and adolesceats and similar adult BP
st both the alotudes sugges: that the increase in BP with age may be greater at high aldmde
as individuals become adubts. The increase in BF with age at both the altimades is similar
to the pattem observed among the populations undergoing modermnization. Thus, one factor
potentally responsible for the higher BP with age of adult Tibetans at beth alnmdes could
be the swress of culrural and social change due to modemmnizatnon in Itdia and in Tibet,
as observed in other populations {Dressler 1599).
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