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Altitude effects on growth and development of children and adolescents
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Abstract: In this research, the effect of altitude on growth and development of 107,986 children
and adolescents from 7 to 18 years old in 14 capital cities of China was examined. Altitude,
annual precipitation, average annual temperature and annual sunshine hours were regressed using
z-scores and developmental scores for height, weight, chest circumference and BMI. Independent
of environmental conditions, altitude negatively affected height, weight, chest circumference
and BMI by approximately -0.112, -0.101, -0.043 and- 0.118 z-scores per kilometer altitude
above sea level, respectively. Approximately 28.0%, 26.8%, 12.0%, 16.8% of a reduction of

height, weight, chest circumference and BMI were due to altitude effects among four natural
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circumference factors. There was a declining gradient from low to high altitude although it was
insignificant (P>0.05) for height and chest circumference but significant (P<0.05) for weight
and BMI. However, the development level of children and adolescents in low altitude groups is
much better than that found in high altitude groups. Altitude was an important factor in affecting

growth and development of children and adolescents.
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Tab.3 The natural ecological parameters of capital cities

W i) W (VD FEREK R (mD) SRR (O EH RS (o
B 2004 3658.0 500.0 7.4 3000.0
[y 1997 2296.2 410.0 5.5 2786.1
=L 2000 1520.0 995.0 8.8 2600.0
I 2005 1111.5 778.0 9.8 244.5
il 2000 1071.2 942.3 145 1278.0
I 2010 1063.0 469.5 7.6 2156.5
N 2005 777.9 336.9 9.8 2796.0
KM 2010 84.0 1500.0 18.0 1840.0
Kb 2005 44.9 1390.0 17.2 1423.1
PRBH 2005 41.6 500.0 8.3 2372.5
Ew)d 2010 233 1337.9 16.6 1544.0
| 2000 14.1 1686.4 242 2000.0
[epd 2002 8.9 1074.6 16.6 2182.4
)M 2004 6.6 1506.3 22.4 1917.0

HPEREL2MT LT L FHRITFE

KA AR

RESS=8BRREN +REREN + BERKE S +BMIKE 5

KRGS = (100+ (Xi-X) x10/S) x AL 2%

Xi RORE 1 NE ST IR PRI BOE R BUEMR Y KRB W T 0 Hr o i
KANFIR T 13 e

SRS S AREL WEL. BMI B R 505 55 0.2501, 0.2583, 0.2536, 0.2380;
MM 22435124 0.2468, 0.2570, 0.2514, 0.2448

A ab 3 ASCN A EXCEL K SPSS20.0 R A3 AT Hdl b3, LG8 vh22 73k 0 J7
ZEGY T RUAR AR A AT R B 54T

3 4 B

3.1 ZHAREBHRMERAZE LR

SRR AR Bl R 5. SAMMTT =R, MMEHER (L) 4.
HE R (M) 413 i (H) 41, 5 e AR B DR BMI AT RWd M e, fede—ABhE,
AR BMI 5401575 X (P<0.05) , S m Al PG vk 3 (P>0.05)
32 B HE. fhE. WEMBMI B Z S5 8RINAEXST

PG, RE. BRI BMI ) Z 50 8 SR ARG 3k 6. R 6 B i,
WHSE. WEL R BMI ) Z- -8B R CCR (P<0.01) o DYIEH AR
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Tab.5 Comparision of height, weight, chest circumference and BMI at different altitudes

L4l (0-999m) M1 (1000-1999m) H41 (2000m-)
U 153.72+16.75 151.41+17.26 148.48+16.83
H (cm) % 148.68+12.53 146.90+13.06 143.94+13.30
Gk 151.20+14.97 149.15+15.39 146.21+15.18
% 46.20+13.39 43.83+13.88 38.72+11.46"
Wi(kg) % 41.39+10.07 39.92+10.91 37.40+10.47
&it 43.79£12.06 41.88+12.57 38.06+10.88%
L 74.53+8.92 72.3049.21 70.59+8.09
CC(cm) s 71.638.05 70.74+8.47 70.22+8.54
Gl 73.08+8.60 71.52+8.84 70.41+8.23
U 18.99+1.72 18.48+2.03 17.07+1.38" %%
BMI e 18.32+1.74 18.02+2.14 17.60+2.19
“it 18.66+1.76 18.25+2.09 17.34+1.83% %%

L#5HZ%4mE, # P<0.05, ## P<0.01; M4 5 H#4 i, X P<0.05, XX¥P<0.01

=655, AE. WEMBMI M I ¥ EBRTMERZNEXRL
Tab.6 Correlation coefficients between Z-scores for height, weight, chest circumference, BMI and natural
environmental factors

154k (m) PR KR (mD) RS C AR H R £ (h)

r P T P r p r P
Ul -0.511 0.000 0.039 0.617 0.135 0.082 -0.097 0214
Z-H &« -0.552 0.000 0.023 0.766 0.104 0.181 -0.130 0.096
it -0.531 0.000 0.031 0.570 0.120 0.029 -0.113 0.039
) -0.576 0.000 0.023 0.769 0.141 0.070 -0.190 0.014
W & -0.461 0.000 -0.030 0.704 0.077 0.326 -0.113 0.146
&k -0.520 0.000 -0.002 0.973 0.110 0.045 -0.153 0.005
7 -0.480 0.000 0.120 0.122 0.247 0.001 -0.095 0.225
7-cC & 20.219 0.005 -0.019 0.809 0.051 0.514 -0.125 0.108
it -0.350 0.000 0.052 0.345 0.150 0.006 -0.109 0.048
i 0.579 0.000 0.023 0.766 0.146 0.061 -0.260 0.001
Z-BMI % -0.240 0.002 -0.067 0.390 0.038 0.631 -0.073 0.350
il 0413 0.000 -0.020 0.717 0.093 0.090 -0.169 0. 002

Biets (Z- 5340 SRHAHCRBRNTHE AN AR S, (H5 58 K EAH
> (P>0.05) .
3.3 5. fkE. WEM BMI ] Z 9 5:8%K0EASHT

B, AREL R BMI ) Z 5805 AR R RIE 8T R 7.

LG m. AR R BMI 1) Z- 8 A AR R, DUl AR &, BT —JC
LRI, SRR 1000m Wk, S & AREE L I AT BMI 23 51090 0.112, 0.101, 0.043
0118 S As e F A7 AR v R EE $os He WL CC. BMI (1) 5 ik 23 51l 22 28.0%,
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Tab.7 Regression analysis between Z-scores for height, weight, chest circumference, BMI and altitude

M ANOVA

K] Ag . —

B SE P F P R PHER

5 -0.129 0.046 0.005 57.970 0.000 0.261 0.257

Z-H B’S -0.096 0.043 0.027 71.688 0.000 0.304 0.300
it -0.112 0.031 0.000 129.529 0.000 0.282 0.280

5 -0.102 0.035 0.004 81.245 0.000 0.331 0.327

Z-W e -0.101 0.034 0.003 44330 0.000 0.213 0.208
it -0.101 0.024 0.000 121.996 0.000 0.270 0.268

il -0.045 0.034 0.189 49.216 0.000 0.231 0.226

z-CC i -0.042 0.036 0.252 8.291 0.005 0.048 0.042
Gl -0.043 0.025 0.087 46.182 0.000 0.123 0.120

95 -0.108 0.039 0.006 82.915 0.000 0.336 0.332

Z-BMI % -0.127 0.043 0.003 10.018 0.002 0.058 0.052
it -0.118 0.030 0.000 67.747 0.000 0.170 0.168

26.8%, 12.0%, 16.8%.

RS b, AL EABEAE Y 5k, BE. RS A BMIL ALY, Lk
VR RAR &, fElR R B AR ST T, AR

Y=99.066-0.002 ik

R=-0.500 ( P<0.001), wiBHHFHA KK G IR K.

4 7 B

41 BRIMERRNEKLZEHEMN

IRZHFFAUERT, R LX) )L T A4 2E KR B R % T WHO (12 #hrife B
Dang % P9 ZE S se bR L, R 1 B m AR 5 WHO % brifEpfit, HAZ F1 WAZ 4y
MR, I -1.53 Fi1-1.05. #¢A4E WP Ancoraimes (3800-4000m) JL#E & . 44
AR T AE O brE ¥, 7F Aymara Hh[X, SIHERSH AR, WLE R RE S &
WERTAES R, R 6-10 £ 5 H g . Bl (Choglam Sar) 2007 4F )L #
T AEAE KR Febn i AR TR P R AEACT P, Weitz 25 B, Haas 25 ™, Stinson!*! il
Tripathy ", Ji e A %5 B I S IR SE T 0K — . ABFRUSE R IEN,  mifE iR X
JUEETF /DA B . AT i B A BMI #B /N TR e X 11 ) L3 7 2048

e R AN AR R B I RS A W, ARV AE R R X (1)) LB T D A AR P b
XA, B, RXOMEIRZ = WAHR B W1 ) T s e b A AR it i, i fE
2000 m LA NP OGRS . [ TR B, BEFE R 1000m iR, S5 BRAIK— 2  Z- 04K
X 5 Little 25 B (25 AR, {6 S 75 8F Oaxaca (1) LTFERIFFT T, 400 5 . BMI A 5400,
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AR JTCRE . A g N2kt AR KT RELE 1000m DL L5225 ASHEFUI 45 B2 i
PR G s AR D BMI & A 6 s, xRS RO ECE SR A O, DR
AEAFIRE N AL, 6T R T 4RI

42 BHREEWEKAENERMERRHLEREENER

ARG N R R IR 2 A0 &, Wk, iR, W, 48, HE, Bk, RIMEIGE,
ASCEROR, A, H IR R K RPN, TR R OX 2 [ AR IR R 3
AR B 50

XPYANAR R 5 B, ARE. B R BMIT BEAT AN S0 H, BRAEBR /K B i sk
KRB KRA, HALTRIRE S A KK EH K. MUK, WK il U B2
1292g/m’, BRI K 1013.2 22 L, Hr i (925 U5 L 810g/m’, brE RN 652 = 11,
I3 A2 TP R 62.64% Al 64.35%. NAEAKEBLIRET, FTFERSMEM, S50
AARLESEN)LET DENERKET, RMNAEKEE, B, g™,

HREA ZEIREE), BREREES, R SRS R NEFR D
KR WU TG . A BRAE F-5%, (HBSUR B 2 9, TR X S R,
T i SR DX AR K G i SRR G, A B BUE K GHE O B30 ) S ek
YU, EEAE N, A SR R S A A, A BRI IR RV Bk LA
S, IO TG A R AR

K S A T e SR B85 v T AR LB i e b AR Y, AT 208 1-4em™, {H Freyre %5
YRR A K B o SRR AR B o G i LA AR/ BT I 22 R (1 1 St X 5
WX ELE TR, AR ST S AR, RO R A KGR A N B AR S AR R 2000m
53 CA (6-14 %) WL Eos, WEHXHERKR & A &g ™,

7 i i AR ORI b B (D FE v SR AR VS 1 LEE S AR, R S e IR s AL A
FR LK R B NG B s R SR B R E A O, B s JLE P R
KHEIR BY, Freyre %5 B bl Pl PRI RS DERNERE TR ERE, %
MR DA A R 2 S T A R ADAEARIT, (HEFEER I, SR T DR R R Bl
LG 55 NIRRT A AR B SR, i ELFRREE . S R AR KOR B R A — A
H AR 3 AR 38 Vo R, HAR B B R TR 8 (W I TR A n] s AR KOk B 4R
PRIIAEAL, B IX AR 2 0TI 48 RA e A — B R A

T 22 58 3 Ll AR TN 1 A 11 B AR A0 2 5 TR AR x5 8 i 5 4 PR s 82 1 AR A o
WA, 5 SR AR 0 T AR AR AR /N B T AR ] fR B 9 46 SR 1) i DR 75 23
—

43 IRk Z- HEHN A

ANFRAR, AF AR AR SHE AR AT, BRI ASGE & S i
ANHOIX (1) LEE 5 DA R BRI . 1 4 [ SO TT BE R B & (42 [E g —41
ZURA RN , KT RS G I En IR B AT A B, S A RS G B 4518
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