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-['lre purposc ol'thc preser)t s(udy \!'as to eval-
t¡atc lhc nt¡tril,ional status of chilclren bascd on antlrropornetric
nlc¿rsurcnrcrrts, biochc¡rrical inclic¿rtors oI proteitt ettergl' tuar[-

nutrition AS \\,cll as hernat«rlogical variables. Tlte subjects were
9l I 0- to l2-year.old Rolivian boys: 12 I{AI IS ES, 28

I Ir\LStiS, 36 [,ALSLiS, ancl l] I-ALSES (see Introduction to
tlr is Su¡:¡tlc: ntclr t).

l'he ovcrAll nutritional status of tlte boys \vAS

evnlualcd Lry anthropo¡¡rcf.ric indicators (rveight for age [\\//
Al. lrr:iglrt lcrr agc UllAJ, iurcl wcight [r:r hcight [W/ll]).'l'he
bioclrcnlical i¡rr.licatot's includccl ¡lrotcins total, albutuitr, preal-
Lrtrnrirr, o¡'()sonrr¡coicl ancl ¡trol.cin C-rcactive (tor I\,tPIr) as r'¿cll

as lrrr¡n¿rtocrit (l lt), hcrrroglobin (l'tb), sel'Lr¡'¡1 iron, scn¡nr f'er-

¡\b.s trac t ritin, and transflerrin srtturatiorr ('l'S). 'l'hc 
¡rrevulc¡rce o[¡lrtrrvtlr

retardation of LSES boys at IIA as; rvell as at I-,,\ \\'as firt¡rrtl
to be high when tlre 3rcl perccrrtilc \\'as usccl ¿rs thc c uto ll
point. I'he con'esportcling pr calLlunri¡r lcvcls u,cr e firunrl to lrc
lower in LSES than i¡r IISIS br.r1,s ¿rI both altitutles.

The stucly shorvs that LSES lroy,s at troth lrlti-
tudes havc significantly' lou'c:r' prcalbt¡nl i¡r lcvcls thl¡r I lS l:S
boys. 'fhe socioecononric Ihctor s('errrs to llc nrore cr itical [irr'

the nutritional status oI prc¡lul;crtal bol's Ihan altittrclc.

'l'lrc stuclv also slroivs thal all tlre boys had
henratological paratrteters vvithirt trt-rnttal range. 'f ltr: I IA Lroys

of both SES had highcr ltertroglobin concentr¿ttion anrl ltcrna-
tocrits than the LA bo.ys, a f¿rct that is cxplainccl b_r'high-alti-
tucle hypoxia. The hcur¿rtological clata clo rtot provicle evirlcrrcu-

of nralnutrition ¿t¡rtotrg thc bo1's.

Ke)'tt'ot'tls

lrt clrilrlrcn, nrrtritional status is cr)t))uronl/
asscsscd by ¡lor'¡irlr,¿rsivc nnthro¡rorrrctric critc¡'ia strclt as u'eiglrt
lir agc (V'f /A ), lrci¡rht lbr agr' (lllA), and rvcight fix' hcight
(\\//tl). W/A lncl IIlA accorrlirrg to lVal.crlorv (40) shorv irn-

¡laiuncnt of'grorvth altcr ¿ttio¡ls ol llocl¡' l)ro!'rortio¡ls ancl cr)nlpo-
sition u¡rcl rcllccl, tlrc cun'cnI nr¡lritional st¿rtus (5). l]owcvcr, iu
orrlc¡' to tlctr:ct cxlraustiorr oI lrt.otcin su¡lplicd ¿rs u,ell as tlletlrb-
olic allcr:rtions rclatccl to thc rnalnutrition of tissucs, itrvasive
tcclrrric¡ucs such as ¡r)casurcnrents oI biocllenlical iltrlic¿ttt¡t's At'e

rc(luirccl.'l'lrc nlost rviclcly uscd chetniurl indicators in tlrc I\lPIr
ilrc visccral circ'ulatirrg ¡rrotcins secrcl.cd by the lit,cr ( [6,30,
3 I).

Scveral stutlics (l l, I 3,'21 ,28) have shorvrt tlrat
tlrcsc protcins, especially those rvith a quick turnover and a

¡nccliu¡rr shclrt lifc, arc uscful for clctccting sul-rclinical attcl early

lrtt¡'urlucliorr
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stagcs of Ir'11'8.'lb evaluatc llrc nrrtr ition¿rl .stattts. scvt:¡al irlr,,-.s-

tigal.rlrs irrtrodtrccd the sinrull¿r¡rcoLrs c\'¿lluatictt of ntrtritir.r'l pt'r',-

teins arrd ¡trol.eins cxisting cluring tlre ¿tc:ute pltasc ol'inflanullÍr-
Lion such as the Cl-rc¿rctivc ¡rr.otcirr (C-lll') ¿rtrcl thc r-lrr)i;oruttcoitl

¡rrote in.

On thc t¡tltcr lurttcl, i¡t ot'r.lel' to iclctttil'1' tltc cÍrttsrl
o[ ¡lrott:in-cnloric nlnllrrrLrition. scvcral at¡thors st¡uqesl il]is()c¡-

ating biochc¡rr ic¡rl ;r¡td arttlrr'oponrctric v¿triatrlcs lilt' l nr()r'c l)r'c-
cise asscssnrent c'tI tlle nrr{rition¿ll stattrs (7,8), Iro¡r stirtus c¡.rrt lrc

asscsscd Lry nr.n)'rcrous biclcllernic¿rl in«licatc¡rs u'llich pcnnit tlrc
cliagnosis of iroll deficicucy lorrg hef orc c [[ccts on llc'¡narto¡roic-

s¡s are ¡tresettt.

-l lrese iurlic¿rtors reflect thc cl¡anges tlrat ()ccut'

iu differcllt Lrorl.), conu)artnrrrnts clurirrg varyillg stuges o l' ir',.tn
deficienc:1,. Sorne rcflect i¡'r-ru rescr'\'es (sr',rrrrrr fcrritirr), otlrcrs
shorv irorr u¡ltal<c arrd trartsporL to cr'1,1ltr'.',poietic tissucs (sc¡'unr

iron. trtnsl'errin, re,d hloorl c,cll ¡lt't:ltoporphyrin), ot'the total ol'
ix-ln dcf icienc)' ( 19). I'lrc prc.scnt sturly intenrJs to cr'¿rlu;rtc

virrious visceral proteitts ¿uld hcrrratological varialllcs tllat ¿u'c

conlnlonll' userl to irlcnti[i' the llrotein energy rnal¡lt¡tritiou :rrrd

nutritional ancrrria in ¡lre¡rubcrtal boys o[' high ancl lorv S ES

living ¿rt IIA anrl [-A.

I
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Thc airn is to correlate biochcnrical visceral
vari¿rt¡lcs with antlrro¡)onretric measurernents i¡l order to sclect
tlrc biochc¡lrical variablcs that are rnost se¡rsitive for assessing
nrarginal nt¡tritio¡r.

Subjects and l\'Iethods

t2
11 LALSES boys
¡rrrtritiorral status,
(\V/A), lrcight for
\\'crc trscd.

With thc clrilclren being in a restittg stirte and
huvirrg [astecl for'¿rt lcast 8 h, blood sanrples were obtainecl front
thc antccul¡ital vcin. J'hc blood s¿rnrple u'as distributed in a ch'y

tubc ¿rncl in a tutre 
"vith 

sodiunr heparin. Proteins related to the
ntrtritional status and those rclated to inflaln¡rration were
nlc¿rsru'ccl s inrul tanco us ly by colorirnetric and irurttunocltetnica l

( tlchring) nrcthocls.

Quirlity w,as checkecl during each phase of the

a¡tillytic:al process.'[otal proteins (biuret mcthod), albt¡rnirr (irn-
rnunott¡rbi«Jinrctrics), prcalburnin (raclial irtt¡rtunocliffi¡sion),
o rusonl u co i cl, anrl CI( P ( i r rr r r r urtr¡turbi dirnetrics) \\/ere tneasured.
'l-hc i¡'on status was ¿rsscsscd by ¡nc¿lsuring thc follorvillg para-
Inctcrs: hcrn¿rtocrit (t lt, nlicrohernatocrit rrtctltod), serunr irou
(s¡lcctrr.r¡rhotonrctry'), scrurrr [crritin (enzyrlle linked in'rntunoas-
.srr), E[-lSA), anrl total iron bindirrg capacitl, (TIBC,
colorinlctric nrctlrorl). 'l'ltc transfcrrin saturation (1'S) \'¿ts cal-
culntccl lronr scrunr irott cliviclcd into'flElC.

Ilcsr¡ lts

IIAIISITS, 28 I-IALSES, 36 LAIISES attd
wore studiecl. For the evaluation of, thc
thc anthro¡lornctric ratios weight for age

age (l{/A), and weight for hcight (W/lt)

l?! 7üllez. J. l-.Sar¡ ili¡4uel, A. Il,tilr'igte=, ,ll. Clmve:, C. Itrjun. ,,1. Quinlcltt

Table 2 Prevalence of malnutritíon from rveight for age, u¿eiqht

for height, and height for age of prepubertal boys living at differ-
ent altitudes with high and low socioeconomic status (classifica-
tion according to NCI-IS).

n

W/A
W/H
HlA

Whcu usirrg the l5th perccntilc (P l5) as thc
cr.rtofl'¡loint oI W/A, wlriclr is rccotnmendccl as an inclicator of
nrrrl¡rtrtrition Lry tlrc Bolivian Systenr of li¡lidentiological
Nrrtriticln¿rl Vigilancc (SVITN) (35), n'r¿rhrutritir¡rt \r/as lountl to
Iravc a l)rcvalcrtcc ol" 38.1 'r'o in II¿\LSES boys and 2B.5ot'u in
LALSIjS boys ('tirblc l).

Table 1 Prevalence of malnutrition from weiglrt for age of pre-
puberlal boys living at different altitudes u¿ith ltigh and low socio-
econonric status (classification according to SVEN).

I.ISES

t{A

12

HA = higlt altitude: t.rA - lorv alt¡tucje; HSES = higlr socioeconornic status:
LSES = low socioecorronric statr¡s: t'l = nuñrber of subjects;
P3 = 3rd percentile (cutoff poirrt lJCl-lS); W / A = vreisht f or age;
W/H = weísht lor lreigtrt: H/A = height for age.

I able 3 shorvs that ¡re itlrcr altitr¡clc ¡rt'rr soc io-
econonric status havc anv eflcct on total ¡rrotciu co¡lccr)tl'¿rtirrll

ancl CItP. The albu¡rrin concc¡rtration and orr)sonlr.¡coitl urc sis-
nificantly (p < 0.05 and p < 0.002, respectively) higltcr at lrigh
altitude conrparecl to lorv altiturle.

IIorvcver. socic,cconoruic stitttts lt¿rs nL) cllcct
and no irrtcractions uxist bc-tir ecn altittrde and sociocc()nonric
status lA x S¡. Irirralll', lbr prealtru¡rrin cor)centratiorrs. ¡ sisnil'-
icant efl'cct oI socir¡ccr.ulo¡rric status rvas lot¡ncl (¡r < 0.(X)--i ). [rtrt
llo ell'ect o[ ¿rltitude ¿urcl r)() intu-¡'¡rctions of tllcsr: trvo lirt'ttr¡s
e,ristecl.

l'hc con'clltio¡l l¡ctu'een thc five biocltcnl icul
paranretcrs ancl tlle thrce artthropornetric ratios c¿llct¡latcrl lo¡' ¿rll

four grot¡l)s \!'¿ls sliglrtly ¡rc,sitivc (r': (). 185, ¡r<().0.5¡ o¡rlv li'l
prealbulnill anrl W/A. The llenratological p¿rranletcrs arc prc-

sc ntecl in 'lhbl e 4 .

LSES

2B

<P3
2.9 or'o

38.2 o,/o

HSES

l-A

36

LSL S

17

21 .4 0,6

W/A

HSES

HA = high altitude; tA - low altitude; HSES = high socioeconomic status;
LSES = low socioeconomic status; ñ = ournber of subjects;
P15 = 1Sth percentile (cutoff point, SVEN); W/A = weight for age

Whcn using the 3rd pcrcctttilc (P3) as the cut-
off point as reconulrcndctl by the National Center ol' Llealth
Statistics stanclarcls (NCl lS) ( I 8), nral¡rutrition is louucl in
I IALSES boys w¡th a prcvalcnce of 2.9% for S//A a¡rd 38,2o/o

fur I l/A (T.rblc 2).

l-tA

I

I

(

12

LSES

(r

2B

< P15

38.1 %

Ilcnlatocrit untl herrrogloLrirt firllorrccl lr sirrrilrr¡

llattcrn u,il.h a higlrly signif ica¡rt cl'l'cct ol- altilurlc (¡r '': ().(X)¡ ).

I-low'ever, there is a n'lorlcr¿rtc but sig¡rificartl cfl'cct of' socio-
econonric status (p < 0.05) ancl no signific¿rnt irttcr¿rctions bc-

trveen A and SE. For scru¡r) iron ancl le¡'ritin conccnt¡'ations.
tlrcrc existccl a higlrly'sigrrificlrrrt elltct of'socioccon()nric strtItts
(p.0.00 l), a nrocler¿rtc el'f'cct ol-altitudc (¡t<0.()5). ¿r¡rrl lto sig-

ltificant intcractiotrs bcts'c'cn r\ arrd SI]S. Fclr tr'¿r¡rsf'c¡'rill sittutLt-

tiou, there werc lrighly'sigrri[ica¡lt efi'ects oI sociocco¡trr¡nic
status (p <0.001) ancl altitr¡cl,-' (l) < 0.00 l) lrut ¡tr¡ sigrrif icanf in-

tcractious betu,eell A artcl SES.

Disc u ss io rt

t

(

I-ISES

LA

36

LSES

17

28,5 % Sturlics irr rvlrich clrildrcrt \\'crc snl¿lll conlt)rrctl
to thcir agc conclucled th¿rt retarulerl grort,tlt rvas cluc to ru¿rlrttrtl'i-

tion, especially to inlant ¡nalnutrition (27,34). lrr this stutlv it

could bc the case for LSES boys, since altiturle clocs not scctr'¡

to be related to retarclccl gro\\'th. Anthroponrctric r:¡ itc:r'iir slltnt'
tlrat FISES childrcn at both altitt¡des arc u,ell-rtor¡r'ishcrl :r¡rtl lh:rt

thc grou,th of LSIiS bo¡,s is rctardcd at both altitudcs.

Accorcling to e¡lideln iologictl critcr-ilt. ir:

clcvelolling countrics irt w'ltich the pt'cvalencc oI unclcr'¡tt¡tritit''n
is high, it is rccornnrcnrlccl tlurt a higlr ctrtof'f ¡roirrt bc trscrl in

thc ref'ere¡lce population, fbr insta¡rce the ['l5 Ibr \\'/4. irt ottlcr

I

I

I



Circulating Protcitts ttnd l¡on,S/afus fu Blood

Protein
total
(g/l)

HSES
12

HA

Albumin
(s/l)

7 4.7
(6.6)

LSES
28

Prealbumin 224.1
(ms/ l) (62.71

47.4
(3.s)

75.5
(7 .4)

Orosornucoid 899.3
(mg / l) (251 .e)

HSES
36

47 .3
(4.21

tÁ

CRP O

j

,)

¡

75.3
(4.3)

Values are means and (SD); n = nunrber of subiects; HA = high altitude; LA = low alt¡tude; HSES = high socio-
economic status; LSES = low socioecononric status: CRP = C-reactive proteln; ANOVA = analys¡s of vaiiance:
A = altitude; SE = socioecononric status; NS = nol significant

194.4
(68,7)

LSES
17

46.6
(3.s)

77.0
(4.0)

855.9
(217 .5)

I

I

235.7
(35.8)

2-way AI'JOVA
probability

45.6
(3.3)

A: f.JS

SE: NS
AxS: hlS

J-lenratocrit 45.9
(%) (2.8)

718.6
(1 e6.5)

199.8
(33.7)

Ittt. J. Sports hled. I 5 ( I 994 ) Stt I

Table 3 Biochelnical variables of
prepubertal boys living at different
altitudes with high and low socio-
econornic status.

HSES
12

A: p < 0.05
SE: NS
Ax S: NS

.:
't

¡

.t
t
t

f.r

'f

Serurn iron 1660
(¡rs/l) (700)

HA

709.1
(1e2.5)

A: t'ls
SE: p < 0.003
AxS: NS

t-rb

(g/l)

LSES
28

t-

0

A: p < 0.002
SE: NS
AxS: NS

45.7
(2.1 )

Ferritin
(¡rg / 1)

153
(B)

HSES
36

A: NS
SE: f.ls
AxS: NS

1 340
(320)

rs (e6)

t_,A

77
(4e)

42.4
(2.3)

150
(e)

Values aro means and (SD); n = number ol subjects; HA = hiah altitude; LA = low altitude; HSES = high socío-
econornic status: LSES = low socioecononr¡c slatus; Hb = hemoglobin; TS = translsrrin saturalion;
ANOVA = analysis of varianco; A = altitude; SE = socloeconomic status; NS = not slgnificant

LSES
'17

1 540
(540)

39
(14)

39.9
(2.2)

52
(30)

to ¿rlso iclcntil'y nrarginally unclenlourished people for conlpari-
son \\,¡th thc population oI thc study, In the present study, nral-
nulrition rcaches a prcvalcnce ol' 38. I 3 % using P l5 as tlre
cutofl'¡loint, but the prcvalcuce is ou\, 2.94% rvltelt P3 is uscd

u.s thc ct¡tolf ¡roint for W/A. At LA thc prevalence oI nrahlutri-
tio¡r irsscssc(l by the W/¡\ relationship rcaches 28,5 0/u rvhen tlte
Pl5 is use(l bt¡t no rnahrr¡trition is lcruncl rvhen ¡¡sing P3 as the
cutolf ¡loirrt. llorvevcr, W/A biascs the study iresults since it
dt¡cs not inrlic¿rtc whcthcr nralnutrition is acute or chrottic.

135
(e)

Z-vtay ANJOVA
probability

1 060
(330)

29
(6)

A: p < 0.001
SES: p < 0.05
A x S: f'ls

58
(41)

128
(12)

Table 4 Herrratological paranrete¡s
of four groups of 10-to 1?-year-old
i:oys living at high and low altitude
a¡rd witlr lriglr and lou¡ socio-
economic status.

A: p < 0.05
SES: p < 0.001
AxS: l{S

30
(e)

33
(1 B)

A: p < 0.001
SES: p < 0.05
AxS: NS

25
(7)

A: p < 0.05
.SES: p < 0,01
A>:S: NS

A: p < 0.001
SE.S: p < 0.001
Ax SE: NS

f'he anal¡'sis ar)d inte rpretation oI the results o f'

the biocherttical variablcs have their lirnitatir¡ns since conr¡lari-
son v,,ith other studies is difTicult due to the fact that nt()st of
tlre papers \\'hich relate biochenrical paranlcters and ltutritio¡ral
status are bascd on stu«lies ol' age groups dill'crent fro¡n ou¡s
and afl'ectccl by scvere ¡rrotcirt-energy nralnutrition. [[ou'c\.cr',
the rlrean values of the different biocherrrical variables in our'
study arc in general conrparablc to the values reporte,l b),otlrcr
authol's of studies in aclolcsceuts arrd adults (1,3,28).
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lrt otrr stucly, thc co¡rtparisort of ntaluourishcd
l..SES boys rvith rvell-nourishcd I-ISES boys as defined by an-
tlrro¡ro¡lretric critcria slrorvs no significant dif'feretlces of total

¡rr'«ttc:irr Icvcls or oI scru¡ll al[ru¡rtin betwcen tltcsc groups. 'fhis

l'irrtlirrg carr bc cxl)lai¡rccl by thc lact that both proteins are ttot
sc¡)sitive to liglrt or nrodcratc forrns of protei¡r-caloric ltralttutri-
tion. -l'his lou,scnsitivity is ¡rarl,ly due to varial.ions in its distri-
butir-»r in tlrc bod), betrvecn the vascular and irttcrstitial space,

¡lirrtl), t.', tlrc existcncc of ¿ur inrportaut pocll, rvhiclr is eltr¡ltied
orrll' ¿rfic¡' nla¡r), rvccks, ¿r¡lrl to ¿r lorrg biological lite span of l0
ltl l2 «llrys «lI altlu¡rrin. -lotal 

¡lrotcirts sinrilarly ltave lorv or t)o
sl)ccifici[\'A¡rcl scnsitivil.l, r1.,luning from a \vicle vari¿rbility of
tlrcir lc','cls in cascs oI incrcase oI imrnunoglolrulins irr paticnts
u,ilh sccorrrlary infcctions arrcl rnaltrutril.ion (3 I ).

'l'hc l«rwcr prealbunrin levels in LSES boys irt
conr¡larison with IISES boys shorv this biocheurical pat'atneter
Írs irrr carly indicato¡' of nralnutrition. In fact, since 1972 preal-
bu¡lrilr is consiclcrcd to bc an carly indicator oI nlalnutrition. Its
sensitivity is attrit¡utcrl to thc fact that its synthcsis iii the liver
rlc¡:crrrls on thc ellcr'B), intll<c, on the content of Zn, its short li[e
sl)an. lhc ¿rvail:rbility oI frcc tryptol;hau, an esscntial aruino acicl
rvhich is the nrost vulncrablc of all amino acicl pools in tnanr-
nrals (23). '['hcre[ore, a fall oI circulating prealbu¡nitt can incli-
catc an intrinsic dcf icicncl' oI antiuo acids an«l/or a def iciency
o l' onc oI thc ncccssÍlry co lirctors [or optiutal llroteirt synthesis
Írs il cUllsc(lr¡cncc ol- l)r)ot' irrt¿rlle in quantit¡' or quality of pro-
tcins (32,23).'t'his coulcl bc tltc c¿tse in the LSES boys.

On thc o[lrcr lxrnrl, tltc sirlrultuncous analysis oI
l)r'cilllluru in ¿rncl ¡lrtltcins cxisting cluring tlrc ¿tct¡tc ¡rlrasc oI ilr-
Ílanrrrrirtiolr u,lrich rvc¡'c fouud to be rvithin nornral range ill all
lour gr'oul)s suggc.sts that lhc nralnutril.ion prcsent i¡t tlre LSES
bo-\,s is a ¡rurc l)rotcin rnal¡rt¡trition artd outsidc of any stage of
i¡lflanltlr¿rtiorr «lr inf'cctio¡r. Waclc ct ¿rl.(39) irr cx¡lcrintcnts rvith

¿rnint¿rls havc slrorv¡l tlrat ¡r'calbunrin dinri¡risltes clurirtg ¡troteirt
c¿rloric rcstl'ictio¡r u,itllotrt cclnconritant inflanltttatioll or iulec-
tirlrr irs l)r'c)\'cn b¡, sinl u ltarrcor.rs tluantific¿rtirtn cl f' ¡rrotcills o f
in f]¿rnlnrirtor'1' r'cactior¡. ;

Irr or.rr study, thc lorv prealbunrin levels of the

l-SIiS lroys w't¡uld co¡r[inlr the ¡lrcsence oI ntalnutrition as cle-

f inccl by the anthroponrctric critcria. On thc othcr hancl, thcy
rvot¡lcl nlcan Íl rcactiv¿rtiorr oI the statt¡s of ntrlltutrition at tlre
tiurc ol'ot¡r'study since this ¡rrotcin reflccts ¡rartially the ¡lrescrtt
statc of'tlrc lllctabolisnl of visccral proteitt.'l-ltc statisticaI atraly-
sis o[ ¡rrcalt:untill givcs eviclcncc of a closer relationship with
thc socioccono¡lric. status ¿rnd not with altitude; ltowever, we

ca¡rrrot confintr thc scnsitivity of the protein due to its snrall

¡lositivc con'clation (r : 0. 185, p < 0.05) rvith W/A and also

lrcc¿rtrsc o f thc neccssitl, of su¡l¡lort by the ureasurctnent of otlter
v isccrirl ¡rrtll.ci ¡ts.

l¡r conclusion, this stucly shorvs that the as.so-

ciat iorr o l' anthro¡lornctric critcria and bioclte¡ttical variablcs h¿rs

nratlc it l)ossiblc to rlcl'inc ¿r stal.c of ¡lurc llrotcitt-caloric nr¿rl-

nutriticln tuarkccl b),grou,lh rctar«lation in prepubert¿rl LSES
boys at I lA ancl LA. l'he va¡'iations in prelabutnin cottcentratiorr
sccnt to be clue nrorc to S ES than to altitude, wltct'eas thc
'..'íu'i¿rtio¡ls oI al[lu¡nin ¿rncl orosonrucoid conccutrations seent to
lrc nlorc influcnccd by altitucle, a situation rvhic,h cannot be

cx¡rlaincd yet.Thc iron st¿rtus \vas assesscd in this study by
nreilns ol's¡lcci[ic ¡rararnctcrs (2,6). A nlodcrate but significant
(l) < 0.05) cffcct o[ sociooconornic st4tus on lteruatocrit artd

lí( Tüllez, J. L. §an lliguel, .4. llodr'ígrtcz, l[. Cltavez, C'. Ltjurt, ¡1.

hertroglot:in conccntnrtions rvas fbunrl. I-lorvcvcr', i¡r ¿rll lt'rr¡-
grou¡rs. tltese varial¡lcs rvcrc rvithin the rronnal rangc lirr rrcll-
nourishecl cltildren of the snnre a-uc studied at high (25.J l) urrtl

low (9, l5) altituclu's. rcspcctiv'ely. A sigrril'icarrt cl'fbct ol'ultittrtl.'
(p < 0.001) on tltcsc p¿u'arnc:tc¡'s nlso c,tistctl. 'l'his [i¡rtlirru is in
accordance with l)r'evious stuclies rvhich rcpo¡'tcrl lr islrcr'
heruoglobin concerrl.rittions and he¡lratoc:rit valucs in lriglrla¡r.!
boys thur in boys livirtg at lorv altituclc (6, [6). 'l'his firrtlirr'] i-,

one oI Llre bcst krtou,n f'c¿rttrres ol' high-altituclc: acla¡rtirtirl¡r: :llr

ittcrcasctl rcd blood ccll ¡r'odttclicrrt (¡lol¡,c1,thcluiit ) tltrc t,
Ity¡roLrrtrir: lry¡loxiu. A si gr r i l'ic¿r¡ rt c f'll:ct o f' soc iocco¡ron l i c st¡r t r ¡ s

(p < 0.00 l) \\;as lbuntl lbr all othcr hc¡natological l)¿rr'¿unulc¡s.
Florvever, all [lo1 s had r'¿rlues lor scrt¡ru iron, fcrritirr, ¿rrrrl 
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rviLhin thc li¡uits of tlrosc rc¡rortcrl [or ucll-nourishcrl chiltlrcn
(10, 14,27,33,38). '['lrc¡'clbrc, r'ro oviclc¡rcc of iro¡r clcl'icicrrcr
anernia e,ristcd itt any of'tlre fcrur grorU)s oI boys stuclicrl.
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