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1. INTRODUCCION
En el curso de los Gltimos afios se han
llevado a cabo trabajos sobre diversas al-
teraciones electroliticas en el nifio desnutri-
do (1-5), asi como estudiog relacionados con
cambios enzimaticos a nivel muscular (6)
utilizando la técnica de la biopsia quirargi-

* Este trabajo se llevé a cabo con ayu-
da financiera de los Institutos Nacio-
nales de Salud, Servicio de Salud Pi-
blica de los Estados Unidos de Amé-
rica (Subvencién No. AM-0981) y de
la Escuela de Medicina, Universidad
de Baylor, Houston Texas, E. U. A.

> Jefe Asistente y Jefe, Divisién Bio-
médica del Instituto de Nutricién de
Centro América y Panaméi, respecti-
vamente.

#*2  Profesor Asociado de Pediatria, Uni-
versidad de Baylor, Houston, Texas,
E. U. A.

w#¢2  Cyando se llevé a cabo este trabajo,

el Dr. Mansylla servia el cargo de

Médico Residente del Centro Clinico

de la Divisién Biomédica del INCAP.

Publicacién INCAP E-455.

ca. Este procedimiento presenta inconve-
niencias y riesgos para el paciente, lo que
limita la obtencién de muestras musculares
en forma seriada. la aguja pediitrica Bay-
lor para biopsias musculares por via percu-
tanea (7), cuyo uso se introdujo reciente-
mente, ha resuelto estos problemas en gran
parte, ya que por ser un procedimiento sen-
cillo, inosuo y poco doloroso, permite el es-
tudio seriado de las alteraciones de este
compartimiento en una forma dinimica.

La masa muscular de un nifio normal
representa - aproximadamente el 43% del
total de la masa proteinica del organismo.
Es, por lo tanto, el tejido que contiene la
mayor cantidad de proteina de todo el cuer-
po. Aun cuando se sabe que en la desnu-
tricién proteinico-calérica existe una dismi-
nucién da la masa muscular, éste ha sido
un compartimiento relativamente poco es-
tudiado. Desde hace ya algin tiempo se
cuenta con estudios descriptivos de los cam-
bios anatomopatolégicos (post mortem) que
ocurren ¢n el miisculo de nifios desnutridos
(8-10) los cuales subravan la importancia
de relaciovnar los cambios estructurales con
cambios funcionales. Investigaciones efec-
tuadas en Jamaica (11), México (2), y el
Congo (4) han sefialado que en los nifios
“desnutridos” existe deplecibn de potasio
muscular. El grupo de investigadores de
Jamaica (12, 13) ha informado que existe
también deplecién del potasio total del
cuerpo en base a su concentracién por kg.
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de peso corporal. Por otra parte, estudios
maés recrentes utilizando la via percutinea
para obtener la biopsia (7) han demostrado
una correlacién signmficativa entre la con-
centracién de potasio muscular y la del po-
tasio toial del organismo, por kg de peso
corporal, en nifios que padecen de desnutri-
ca16n proteinico-calérica (14). Esta Gltima
observac:én es de particular relevancia, ya
que con la obtencién de una pequefia mues-
tra pueden obtenerse datos que reflejan la
deficiencia de potasio en todo el organismo.

Figura 1:

= #

Agzuja pediitrica Ba)lor para biopsias mus-
culares y sus distintos componentes

Estudios comparativos entre el anilisis de
la conc2atracion de electrolitos en biopsias
musculaies obtemidas tanto por el método
quirirgico como por el prccedimientio per-
cutineo (7) han demostrado que no existe
diferencia signmificatina entre los resultados
gue se logran utilizando uno u otro método.
Esta observacién sustenta ain mas el uso
de la biopsia muscular pesrcutinea para es-
tudios de esta indole

Los objetivos del presevte trabajo son
exponer la metodolcgia de la bopsia per-
cutinea con este tipo de aguja, y valorar
el sigmficado fisiolégico de la deplecibn de
potas:o v su correlacién con algunos cam-

bios en la proteina estructural del misculo
0 con oros electrolitos, tanto en el nifio
desnutriio como durante el proceso de re-
cuperacién nutricional. La aplicacién pric-
tica del estudio se relaciona directamente
con el tratamiento, ya que hasta la fecha
se desconoce como debe tratarse la deple-
cién de potasio, y mis adin, sabiéndose que
dosis elevadas de este catiébn pueden ser
téxicas y hasta fatales.

II MATERIAL Y METODOS

Un total de trece mifios con desnutri-
¢ion proteinico-calérica severa, y con las
caracteristicas clinicas descritas en estudios
previos (15), fueron admitidos al Centro
Clinico del Instituto de Nutricién de Centro
Aménca y Panamia (INCAP). Durante los
primercs 14 a 18 dias de hospitalizacién re-
cibieron una “dieta de mantemimiento” o
de estabilizaci6én a base de caseina suple-
mentada con metionina que aportaba 07
g de proteina por kg de peso corporal, por
dia. Con este tipo de dieta se logra man-
tener al niio desnutrido en equlibrio ni-
irogenado. La ingesta calérica fue de 70
calorias por kg por dia, el 209% de éstas
en forma de grasa vegetal. Ademis se les
dio un suplemento de vitaminas, hematini-
cos y potasio por la via oral (3-4 mEq/kg/
dia). Por esta misma via se les proporcio-
né también diariamente una mezcla muitie-
lectrolitica* (30-40 q). Durante la segunda
fase del estudio la ingesta proteimca fue
incrementada paulatinamente en un lapso
de cinco dias a 30 g/kg/dia, y la ingesta
calorica se aumenté a 120 Cal/kg/dia. La
suplementacién de potasio, vitaminas, he-
matinicos, electrolitos y minerales se con-
tinud en la misma forma durante todo el
estudio.

Se obtuwvieron especimenes musculares
en forma seriada cada 10 a 12 dias en los
que se determind potasio, sodio, cloruros,
magnesin, nitrégeno y agua. S:multinea-
mente se recolectd una muestra de sangre
para analisis de potasio, cloruros, sodio
magnesd, proteinas totales y albiimmna La

*Lytren (Mead Johnson).
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masa muscular se estimd en forma indirec-
ta utilizando la excresién urinama de crea-
tinina en 24 horas. Este metabolito, pro-
veniente de la creatina muscular, se rela.
ciond con la excresién urinaria de creatina
de un nifio normal de la misma talla que
el paciente, independientemente de la edad.
A esta razdén se le ha denominado indice
de creatina/talla (ICT) (16, 17) y permite
valorar de manera indirecta el grado de
deplecién y recuperacién de la masa mus-
cular. Se expresa como sigue:

ICT = Ezxcrecién de creatinina del

paciente en 24 horas.

Excresién de creatinina de un
nifio normal de la misma ta-
lla en 24 horas.

Procedimientos
1. Biopsia muscular*

Seg(n se dijo, se utilizé la aguja pedia-
trica Baylor. para biopsias musculares (Fi-
gura 1) y el sitio estandarizado por la ma-
yoria de i0s investigadores en este campo,
esto es, el tercio inferior y medio del miscu-
lo cuadriceps (Figura 2). Primero se fija
1a pelvis y la pierna con ayuda de un asis-
tente y luego se aplica una solucibn ger-
micida sobre la piel del muslo. Empleando
0.1 ml de procaina al 2% se produce un bo-
tén de anestesia intradérmica e inmediata-
mente después se practica una mcisiébn de
3 mm de largo en lu piel y tendo celular
con un bisturf No 11 (BP). Luego se in-
troduce Ja aguja siguiendo una trayectoria
perpendicular al muslo manteniendo las re-
lactiones anatémicas que ilustra la Figura
‘2. La ventana del trocar debe quedar en
posicién opuesta al fémur Para facilitar la
operacién se sostiene la porcién externa del
cuadriceps entre e] pulgar y el indice de
la mano libre del operador Después de
*UUna peiicula sonora de 16 mm que 1ilustra
esta técnica estd a disposicién de los inte-
resados en la Divisibn Biomédica del IN-
CAP.

penetrar la facla que presenta resistencia,
se calcuia que la ventana quede en el cen-
tro del manojo muscular, entonces se re-
trae el estilete cortante para abrir la ven-
tana y rermitir asi que las fibras muscu-
lares queden dentro de ella. El estilete se
empuja hasta el tope y en esta posicién se
retira toda la aguja. Si no se obtiene una
muestra satisfactoria se repite la operacié-
a través de la misma incisién, sin que esto
represenie problema o mayor trauma. Los
bordes de la herida se aproximan con una
pequefia banda adhesiva y gasa que cubre
directamente el sitio de la incisién. Esto
basta para lograr una buena cicatrizacién
ain en los pacientes con desnutricién se
vera.

La biopsia obtenida en la forma descri-
ta estid asi lista para establecer su peso
hiimedo y proceder a los diferentes anili-
sis. Sezin se ha determinado, el peso de
cada muestra oscila entre 5 y 20 mg, y con
este método los autores han logrado obte-
ner més de 300 especimenes sin ninguna
complicacion.

2. Determinaciones de potasio muscular.

Estas se practicaron en un fotémetro
de llama utilizando un estindar interno de
htio (7).

3. Conrtenido de nifrégeno.

Se cdeteminé por medio de Nessleriza-
c.6n y =1 de nmitrégeno no coligeno a nitré-
geno saicoplismico (NNC) fue establecido
después de agregar NaOH, con lo cual se
obtuvo una fraccidn soluble en alcali (18).

Las determinaciones restantes enume-
radas en un parrafo previo serin comenta-
das en otras publicaciones

III RESULTADOS

~ La concentracién de electrolitos séricos
ha sido objeto de amplias investigaciones
(2, 19-21) y los hallazgos del presente es-
tudio son muy similares a los notificados
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a ese respecto. La Grafica 1 jlustra los
valores que acusaron los nifios, a su ingre-
so al Centro Clinico y ya recuperados por
completo. Segin se observa, los niveles de
potasio sérico mvucstran gran dispersion
(promedio: 4.1 mEq/litro y una desviacién
estandar de 0.92). Sin embargo, estas ci-
fras se normalizaron durante la fase ini-
cial del tratamiento. La hipocaliemia (de-
ficiencia de potasio en la sangre) esti re-
lacionada a procesos diarreicos y/o vémi-
tos severos (22). En algunos paises, esto
tltimo «s de observacién casi constante en
lactantes severamente desnutridos (20).
Los tnicos dos nifios que fallecieron du-
rante el desarrollo de este trabajo tenian
valcres de potasio sérico por debajo de

3 mEq/}, y esta alteracién se_ corrigié ré-
pidamente al administrarles potasio en for-
ma terapéutica. La causa de muerte de
ambos nifios fue acidosis lictica y bronco-
neumonia, en uno de ellos, y bronconeumo-
nia e insuficiencia cardiaca, en el otro.- Se-
gin la experiencia de otros investigadores
(23) y 1a de los propios autores, la hipo-
caliemia de esta magnitud es un signo de
mal pronéstico. En cuanto.al sodio sérico,
los datos revelan que el contenido prome-
dio fue de 134.6 mEq/1, con una desviacién
estindar de 8.2, En esta serle, cuatro de los
13 casos estudiados acusaron valores por
debajo de dos desviaciones estdndar del
promedio normal, pero ninguno fue infe-
rior a 120 mEq/1, cifra que se considera

Gréfica 1:

ELECTROLITOS SERICOS EN NINOS CON DESNUTRICION PROTEICD-CALORICA -
AL INGRESO Y COMPLETAMENTE RECUPERADOCS
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ya de pésimo prondstico. Este fenémeno se
debe en parte a hemodilucién provocada
por una ingesta pobre en sodio (dieta a ba.
se de atoles), a pérdidas exageradas de ese

electrolito en casos de diarrea severa (de-

30 a 50 mEq/1 de heces) ¥y, en algunos ca-
sos, a hemodilucién secundaria a terapia
endovenusa. La hiponatremia contribuye en
gran medida a la hipotonicidad del plasma
que caracteriza a estos enfermos, y cons-
tituye un reflejo de adaptacién metabdlica.
Los datos relativos a la concentracién sé-
rica de magnesio serin comentados en otro
trabajo. Sin embargo, cabe mencionar que
segiin pudo observarse, los valores estin
dentro de los limites normales y coinciden
con los descritos para nifios normales en
otros estudios (5,24-26).

En el Cuadro No. 1 se comparan las
concentraciones de potasio en el suero ¥y
en el musculo, asf como la relaciébn entre
éstos y =] grado de deplecién proteinica a
partir del indice de creatinina/talla (ICT),
notindose que no existe correlacién algu-
na entre estos parametros.

La Grifica 2 es una representacién del
estudio longitudinal de 13 nifios con des-
nutricién proteinico-caldérica tipo edemato-
so. Para propoésitos de ccmparacién, el es-
1ado del nifio en cuanto a potasio muscular
se expresa tanto por kilogramo de tejido
himedo, como por gramo de nitrégeno no
coldgeno. Se observa asi que la concentra-
cién de potasio por peso hiimedo es taja, ¥
que a pesar de la suplemenrtaciéon oral de
este cation, no se altera durante la fase
fnicial de estabilizacién. Al comenzar la re-
cuperacidn atin se observan niveles mis
bajos, no siendo sino hasta después de un
tiempo relativamente largo que estos va-
lores se normalizan. Cuando el potasio se
expresa en base al nitrégeno no coligeno,
la relaciSn se mantiene casi constante du-
rante las dos fases del estudio, sin que los
valores que acusan los nifios a su ingreso
difieran significativamente de los que pre-
sentan al estar ya recuperados por com-
pieto. El promedio normal de esta ultima
relacién ~s de 3.5, considerAndose como va-

lores deficientes todos aquéllos por debajo
de 2.8. En esta serie de nifios Unicamente
dos tenian razones anormalmente bajas,
siendo pasible que hayan sido sélo dos los
que tenian una “verdadera deficiencia de
potasio”; el resto, en cambjo, mantuvo una
relacién normal a pesar de que su estad~
nutricional se encontraba alterado.

Para facilitar J]a interpretacién de esta
terminologia, se incluye la Figura 3, la
cual esquematiza la histologia del misculo
normal y de nifos desnutridos. Segin se
observa, en el sarcoplasma es donde se en-
cuentra el nitrégeno no coliageno (NNC),
mientras que entre los haces de fibras
musculares se aprecia el tejido coligeno
que contiene el nitrégeno colageno (NC).

En la Gréifica 3 se exponen los resul-
tados de ]a razén de nitrégeno no colageno
(NNC) a nitrégeno total (NT) en biop-
sias musculares obtenidas de pacientes se-
guidos longitudinalmente, comparados coa
el indice de creatinina/talla ICT). Segin
se aprecia, durante ]la fase de estabilizaciom
hay un ligero descenso de la masa protei-
nica y la razén de NNC/NT se mantiene
estable. En cambio, en la segunda fase del
estudio, es decir, cuando estos nifios esta-
ban recibiendo una dieta adecuada en su
contenido de proteinas, ocurre una recupe-
racién lenta y casi paralela de ambos pa-
rametros.

V. DISCUSION

Los autores han observado cierta dis-
crepancia y poca correlacién entre los va-
lores de potasio sérico y el contenido de pu-
tasio muscular, cualquiera que sea el paré-
metro que se utilice para expresarlo (Cua-
dro No. 1). La hipocaliemia ha sido expli-
cada como fenémeno secundario a una pér-
dida aguda de este electrolito a través de
diarrea o vémitos severos (22). Asi, tanto
en el caso de nifios desnutridos como en =1
de nifios normales que padecen de diarreas
severas, el potasio sérico retorna rapica-
mente a valores normales cuando se les
proporciona el potasio que han perdido.
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La baja concentracion de potasio mus-
cular por umdad de peso de tejido hiimedo
y hibre de grasa (Grafica 2) puzde deberse
no sé6lo a una deficiencia “rezl” sino a fe-
nomenos de dilucién inducidos en parte por
un aumenio del agua tisular y por cambios
en la composicién proteimica de la muestra
Frenk y colaboradores (2) postularon gue
la sobrehidratacié6n muscular (aumento del
agua intracelular) era el factor responsa-
ble en gran medida del descenso en la con-
cantraci6én de potasio a nivel del misculo.
Por otro lado, en la desnutricién proteinico-
calérica 9) y en adultos mal nutridos y
caquécticos (27) existe un aumento relati-
vo del tendo colageno interfibrilar que

Figura 2:

femarsl

Netvis
cistice

Seccién transyersal del muslo que esiabiece

la relaci6n: entre el misculo cuadriceps (si-

tio de la biopsia) y las estructuras vitales
de la region.

ocurre como consecuencia de una disminu-
cién del tejndo sarcoplasmico Este tendo
coligeno, presente en la biopsia, contribuye
al peso de la muestra, pero contiene Unica.
mente de 3 a 5 mEq de X por kilogramo de
tejido humedo libre de grasa Debido a
esto, la concentracién de este elemento en
el tenido muscular se diluye, y se observan

asi valores bajos Estos fenémenos de dilu-
cién, constituyen lo que podriamos llamar
una deficiencia “falsa”, y para evitar esta
situacmén artificial la mayoria de los auto-
res estin de acuerdo en utilizar el mtrége-
no no coligeno como parametro de expre-
s16n del potasio (mEq de K/g de NNC).

En el estudio aqui descrito Gnicamen-
te dos pacientes tenian una deficiencia
“real” de potasio, y a pesar de la suple-
mentacion de K por via oral, no se corn-
g16 esta alteracién durante la fase de esta-
bilizaci6n. Sin embargo, en otra serie de
11 pacientes estudiados en el Hospital Ge-
neral de Guatemala y basados en el ente-
rio antes mencionado (K/NNC), los auto-
res enconiraron que cuairo de ellos tenian
verdadera deplecién de potasio. Puede,
pues, dec.rse gque si existe esta alteraciin
pero sb6lo en un nimero limitado de pa-
cientes, y que ni1 las caracteristicas clinicas
n1 los datos del andlisis sérico permaten
distinguirlos. Parece ser entonces, que exis-
te una adaptaci6én metabélica y que la cé-
lula muscular solamente acepta cierta can-
tidad de potasio que varia de acuerdo a
su contemido de mtrégeno no colageno
(NNC). Puede aseverarse, pues, que a ex-
cepcién de los pocos casos que presentan
una “deficiencia real" de potasio, en la des-
nutricién proteinico-calérica ocurre una dis-
minucién de la masa de proteina celular
acompanada de un descenso proporcional
céel potasio a este mismo nivel

El grupo de investigzadores de la Uni-
dad Tropical de Investigaciones Metabdli-
cas en Jamaica utihza el coatador de cuer-
po total, y expresa el jsétopo natural K42
medido en este aparato, en base al peso
corporal (13), definiendo como una verda-
dera deplecién de potasio tinicamente aque-
llos casos en que la concentracién de K es
menor rde 30 mEq/kg de peso Es razona-
ble suponer que estos casos son concentra-
ciones bajas de K por unidad de peso sean
sim:lares 3 los descritos por nosotros con
razones de K/NNC inicialmente reducidos
Ambas situaciones ocurren rara vez, caci
por lo general en pacientes con desnutri
c16n serera de tipo edematoso, y con vém-
tos y/o diarrea Otro hecho importante 2b-
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servado por Alleyne (28) es que cuando
existe esta deplecién aguda, la eficacia Je
la terapia oral con KCl es ripida y eleva a
cifras normales la concentracion de K to
tal por unidad de peso en el curso de los
primeros ciriaco dias, se desconoce, sin em-
bargo, la distnmbucién de K en el organis-
mo A partir del quinto dia de tratamiento,
la recuperacidn del potasio corporal total
es linear a la de la masa proteinica (ICT).
Los hallazgos de Alleyne (28) y los nues-
tros sugieren que, aparentemente, con pu
cas excepciones, en el nifio desnutrido hay
un descenso del contemdo total de potasio,
pero paralelo a la disminucién de la pro-
teina saicoplasmica. La cantidad total de
este catibn sdlo podrd elevarse a medida
que aumenta la masa tisular activa de to-
do el orzamismo, y de la cual el musculo
forma parte importante. En los casos en
que se suscitan pérdidas agudas de X ocu-
rre una verdadera deplecién, quedando sin
saturarse lo que algunos autores llaman
“capacidad para ligar potasio” (14,28). Es-
ta capacidad esti constituida posiblement2
por proteinas intracelulares que actian co-
mo sitios de fijacién para el potasio En la
desnutriaaén proteinico-calérica habria un
descenso del nimero total de sitios de fija-
c1én, pero los que subsistieran estarian sa-
turados al maximo, tratando de mantener
en equilibrio la relacién potasio a mtrdge-
no. S1 a esta alteracién se agregan las pér-
didas agudas de K por vémitos y/o dia-
rrea, algunos de los sitios de fijaci6n de K
quedarian temporalmente vacios (no satu-
rados), los cuales al administrar potasio en
forma terapéutica se saturarian La defi
ciencia ‘real” de potasio puede corregirse
facilmente utilizando de 4 a 5 mEq e
K/kg/da por via oral o intravenosa, sin
embargo, hay que recordar que la célula
puede aceptar Unicamente la cant.dad .Je
potasio que su capacidad de fijacién Ie
permite, vy qué dosis excesina pueden ser
toxicas y hasta fatales

RESUMEN

La mtroduccidén del uso de la agu)a pe-
didtrica Baylor para la obtencién de blon

slas musculares ha permitido el desarrollo
de estudios longitudinales en pacientes des-
nutridos, en forma satisfactoria y con el
minmimo de resgos. Se detalla la técnica
empleada para la obtencién de estas mues-
tras y se incluye un anilisis descriptivo de
los cambios observados. En el nifio con des-
nutricaén proteinico-calérica existe por lo
general una “adaptacidn” a nmivel muscular.
Sin nmingln intento de adentrarse en hipé-
tesis de mecanismos, esto dltimo podria
explicar por qué la relacibn de potasio
a mtrégeno no coligeno se mantiene cons-
tante, equihibrio éste que tunicamente se
rompe en pocos casos ocurriendo entonces
una verdadera deplecién

La normalizacién de la concentracién
de potasio muscular en base a peso de te.
J1do himedo, no se modifica con la supie-
mentacién de potasio en presencia de una
dieta de mantenimiento proteinico La re-
cuperacién de este parametro es lenta y
casy paralela a la de la proteina no coia-
gena y a la del indice de creatimina/talla,
reflejo de la masa muscular total

Esta técnica permatird en el futuro in-
vestigar los mecanismos de estas alteracio-
nes a nivel celular en pacientes con des-
nutricién proteimco-calérica abnendo tam
bién las puertas a estudios de la Hsiopa
tologia de muchas otras enfermedades
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CUADRO No. 1

COMPARACION ENTRE LA CONCENTR ACION DE POTASIO EN EL SUERO Y EN
BIOPSIAS MUSCULARES DE NINOS CON

DESNUTRICION PROTEINICO-CALORICA

Edad mEq de K/1 mEq de K/kg de Deplecién de
Cla-e en telido himedo masa muscular

meses de suero libre de grasa en base al ICT*
PC-180 29 36 474 0.79
PC-182 16 46 289 040
PC-185 55 46 632 0.45
PC-186 21 23 702 045
PC-187 58 4.1 35.2 0.37
PC-188 65 44 67.6 0.55
PC-189 GT 38 463 024
PC-194 15 5.3 59 4 0.37
PC.-196 34 43 26.7 0.51
PC-197 35 31 422 043
Valores

normales 43 611 10
D.E.** 07 101 0.08

* Indice de Creatinina/Talla,

3 DPesviacién estindar






Métodos de evaluacién del estado nutricional
proteinico-calérico en pre-escolares de condi-
ciones socio-econdmicas diferentes.

Repercusién nutricional del sarampion en
nifios crénicamente sub-alimentados.!
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RESUMEN

Se estudiaren 194 nifies de edad preescelar de cince grupes cerrespon-
dientes a tres categerias socleeconSmicas diferentes; une, de condicién al-
ta, otra medlana, y tres de situaclén socieeconémlica baja. Dentre de lbs
nifies Incluldes en esta Gitima categaria, se estudié un grupe de 23 nlfies
un mes despuéds de haber sufride sarampién, En tedes les preescelares es-
tudiados se midié el pese, la talla, la clrcunferencia del braze y el panicu-
le adipese tricipital, asl come la cencentraclén sérica de preteinas tetales y
albGimina, la razén de urea/creatinlna urinaria, y el fndice de creatinina/
talla (ICT) en muestras de erina colectadas en un perfiede de 8 heras o
més. Se encentré que con excepcitn del grupe de nifies de alte nivel secle-
econémice todos presentaban un france retardo de peso asi come de talla
para su edad creneldgica. Sin embarge, el promedio del reste de las medi-
das antrepemétricas fue predeminantemente nermal para tedes les grupes
aungue hube un mayer niimers de nifies con mediciones por debaje de lo
nermal en les grupes de cendicién secioeconémica baja. Ademis, el grupe
pest-saramplén presenté cen mayer frecuencia groser de panicule adipese
tricipital per debaje del 10 percentile, tante para s 1 edad crenelégica come
para su edad/talla. Desde el punte de vista bleguimice, la relacién de
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urea/creatinina urinaria acusé francas diferenclas entre les grupes de si-
tuacién secieeconémica alta y les nifios de condiclén seclecconémica sub-
Sptima. El ICT mostrd un france descenso en el grupe pest-infeccioss cen
respecto al resto de los grupes, los que —de acuerde a este Indicador—
presentaban una masa muscular adecuada para su talla. Se comenta la
interpretacién ce cada une de estos indicadores y sus principales limita-
cienes, y se demuestra, a nivel de campo, Ia repercusién nutricienal de una
infeccién severa en nifies crénicamente subalimentados, la cual parece
afectar mis prefundamente y de manera mis prolengada el estade de nu-
triclén proteinica que la calérica.

INTRODUCCION

En la mayoria de los paises en vias de desarrollo, la defi-
ciencia proteinico-calérica crénica de tipo leve o moderado
constituye uno de los problemas mas serios de salud publica
(1). A nivel de poblaciones, esta situacion ha sido puesta de
manifiesto por estudios de consumo de alimentos (2), de cre-
cimiento y desarrollo de preescolares (3) y de estadisticas vita-
les (4), asi como por la incidencia de nifios con signos y sinto-
mas de deficiencia proteinico-caldrica severa.

Sin embargo, poco se sabe del estado nutricional calérico
y proteinico de la gran mayoria de nifios que s6lo manifiestan
retardo en el crecimiento y desarrollo. Asimismo, se dispone
de conocimientos Iimitados acerca de las repercusiones espe-
cificas de los procesos infecciosos sobre el estado de nutricién
calérico y proteinico de la poblacidon general, aun cuando en
estudios metabdlicos se ha encontrado que las enfermedades
infecciosas inducen pérdidas apreciables de nitrégeno (5, 6),
afectando asi el estado nutricional proteinico del nifio (7).
Tan s6lo en afios recientes ha surgido evidencia de las reper-
cusiones nutricionales que las enfermedades infecciosas repe-
tidas tienen en nifios que viven en un estado de subnutricién
crénica (8, 9).

Con el fin de conocer mas a fondo la magnitud del proble-
ma, v evaluar asi de manera maés precisa el efecto de acciones
tendientes a mejorar la nutricion del nifio, se han propuesto
diversas mediciones antropomeétricas y bioquimicas que defi-
nan con mayor exactitud el estado nutricional proteinico y ca-
lérico del miio moderadamente desnutrido. Para ese propdsi-
to se ha empleado: a) el retraso ponderal del nifio en funcién
de Ja_edad _como_un_inHicador del grado de severidad de_ la

desnutricién (10); b).el retrasa estatural per se y el ponderal,
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para la talla del nifio (11), y ¢) otra serie de medidas antro-
pomeétricas. Entre estas fltimas, el didmetro del brazo menos la
‘adiposidad a nivel tricipital se ha considerado como represen-
‘fativo_del estado de nutricién protefnica. (12, 13), mientras _
que Ia medicién del paniculo adiposo refleja el estado_de.re-

Servas. calorlcas s del nifio,

Ademaés se han propues indicadores bioquimicos que re-
flejan aspectos especificos del metabolismo proteinico del nifio
en el momento de someterse a examen (14). Dentro de éstos,
se ha utilizado la concentracién de albiimina sérica (15) y la
relacién de aminoacidos no esenciales a esenciales en el suero
(16). Por otro lado, en orina se ha empleado la relacion de urea
a creatinina (17) y la excrecién de hidroxiprolina (18). Re-
cientemente, y con la idea de que la eliminacién de creatini-
na refleja la masa muscular, la cual disminuye progresiva-
mente con la deficiencia proteinica (19), se ha sugerido el
empleo del “indice de creatinina/talla” (ICT) (20). Concre-
tamente, éste consiste en la razén entre la eliminacién de
creatinina urinaria por unidad de tiempo del nifio bajo estudio,
sobre la eliminacién de creatinina que es de esperar para un
nifio bien nutrido de igual talla que la del nifio investigado.
Seglin se ha podido comprobar, bajo condiciones de estudios
metabdlicos este indice es de suma utilidad (21, 22), y como
Io demuestra su intima correlacién con el potasio corporal to-
tal, refleja la masa magra del nifio (23). Es importante seha-
lar que ]la medida de 1a masa magra relativa por medio del ICT
esta corregida para la talla del nifio, independiente de su edad.

El presente trabajo se llevd a cabo con el objeto de evaluar
varios de estos indicadores como métodos de diagnéstico del
estado de nutricién proteinica y caldrica del preescolar con re-
tardo pondoestatural. Un segundo propodsito fue valorar las
repercusiones nutricionales de una infeceidén severa (saram-
pién) valiéndose de esos indicadores.

MATERIAL Y METODOS

Poblacion

El estudio incluyé un total de 193 nifios preescolares de cua-
tro poblaciones distintas de la Republica de Guatemala, las
cuales se escogieron en base a una apreciacién gruesa de su
estado socioeconémico. Ciertas caracteristicas de los grupos
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investigados se detallan en el Cuadro No. 1. En la ciudad de
Guatemala se estudiaron 50 preescolares que asistian a un
jardin de nifos. Todos eran hijos de profesionales o comer-
ciantes pertenecientes a un estrato socioeconémico alto o den-
tro de la categoria mediana-alta, con historia de buena o ex-
celente nutriciéon y ambiente higiénico adecuado. Los nifios
eran de ascendencia caucasica o0 mestiza.

En San Lucas Sacatepéquez, los nihios se catalogaron co-
mo de situacion socioeconomica media-baja. Esta comunidad
se encuentra situada a 25 minutos de viaje en automoévil de la
cindad capital; muchos de sus habitantes conmutan diaria-
mente a la ciudad y la poblacion —de extraccion racial indi-
gena o mestiza— tiene caracteristicas de cierta prosperidad
econdmica. Sin embargo, las condiciones de vivienda y sanea-
miento ambiental son todavia deficientes.

Los nifios procedentes de Santiago Sacatepéquez y de San-
ta Maria Cauqué eran predominantemente de ascendencia in-
digena, Maya, y de nivel economico bajo, siendo los habitos
alimenticios e higiénicos asi como las caracteristicas de vivien-
da de estas comunidades, muy deficientes. Se tomaron dos
grupos de nifos de Santa Maria Cauqué: el primero, de 49 ni-
fios aparentemente sanos, y el otro de 23 nifios que habian te-
nido sarampion el mes previo al estudio.

En el mismo Cuadro se observa la edad cronolégica y la
edad correspondiente a la talla de los ninos, si se asume que
l1a talla del nifio representa el 50 percentilo de los patrones de
Stuart y Stevenson (24). Desde el punto de vista de 1a edad
cronologica, los nifios procedentes de la ciudad de Guatemala,
San Lucas Sacatepéquez y Santiago Sacatepéquez, eran meno-
res que los de Santa Maria Cauqué. Sin -mbargo, exceptuando
los de la ciudad capital, todos presentakan un franco retraso
estatural para su edad. Como consecuencia de este hecho, la
edad/talla de los ninos de alto nivel socioeconémico resultd
ser significativamente superior a 1a edad/talla de los nihos sa-
nos de las otras tres comunidades (p< 0.05).

Antropometria

Se tomaron las siguientes medidas: 1) Peso obtenido con
el nifio descalzo y vistiendo inicamente un minimo de ropa.
El peso promedio de la ropa fue de 300 gramos. 2) Talla de
pie (descalzo), colocando al nifio contra una superficie per-



CUADRO N* 1
CARACTERISTICAS DE LOS NINOS ESTUDIADOS

Edad Edad/

Estado Condicién Sexo cronolégia talla

Grupo Poblacidn socloeconémico clinica M F (meses) (meses)
T Ciudad de Guatemala Alto Sanos 28 22 46.8 + 2.22 45,6 + 2.3P
IX San Lucas Sacatepfquez Mediano - bajo Sanos 10 10 46.2 + 4.7 1.2 + 3.3
III Santiago Sacatepéquez Bajo Sanos 21 31 51.5 + 2.1* 31.4 + 2.0
Iv Santa Marfa Ca Bajo Sanos 22 27 62.8 + 2.5 37.1 + 2.4
\'4 Santa Marfa Cauqué Bajo Post-sarampién 11 12 67.4 + 2.3 37.0 * 3,7

ap<0.05 con grupos IV y V,

bp<0.05 con Lodos los grupos, salvo el grupo V,
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pendicular a la plataforma en que estaba parado para la to-
ma de esta medicién, empleando una escuadra sobre la cabe-
za y una cinta exacta. 3) El perimetro del brazo se midi6é con
una cinta metalica a nivel del punto medio entre el acromion
y el olécranon, evitando presionar los tejidos blandos. El gro-
sor del paniculo adiposo tricipital se obtuvo con el calibrador
de Lange y Brézek (25), midiéndolo en la cara posterior del
brazo, a la misma altura en que se determind el perimetro.
Con estas medidas se calculd el didmetro del brazo corregido
para paniculo adiposo asumiendo que el perimetro es circular
y. que el paniculo adiposo representa el promedio de la adiposi-
dad total.

Se tomdé una muestra de sangre y se recolecté orina por
un periodo de tres horas o mas, medida exactamente y des-
pués de haber descartado la orina de la primera miccion. Cabe
mencionar que los nifios habian consumido un desayuno li-
gero.

En el suero sanguineo se determinaron proteinas totales
por refractometria (26) y albiimina por electroforesis en ace-
tato de celulosa (27). En la muestra de orina se midid nitré-
geno de urea por el método de Barker (28) y creatinina por la
técnica de Clark y Thompson (29). De esta manera se obtuvo
la razdn de nitrégeno de urea/creatinina. La excrecion de crea-
tinina urinaria se calculé en términos de mg por minuto y se
proyecto a 24 horas '(30).

RESULTADOS

Los resultados obtenidos se detallan en el Cuadro No. 2. Los
datos relativos a peso para talla demuestran que en el grupo
de alto nivel socioceconémico los nifios acusaron un peso pro-
medio superior al de 1as normas de Stuart y Stevenson (24)
para nifios de igual talla. En San Lucas Sacatepéauez y San-
tiago Sacatenéquez. los promedios de neso para talla también
excedieron ligeramente los establecidos por los mismos in-
vestigadores (24) para ninns de jgual talla. mientras ane en
Santa Maria Caucuié. los nifos. va fuesen sanos o despiiés de
afectados por sarampidn. acusaron promedios de 100 v 99% de
peso para talla de los mencionadns patrones. Vale 1a nena sub-
ravar que no se constataron diferencias sisnificativas entre
el peso para talla en los dos grupos de ninos estudiados en
Santa Maria Cauqué.



CUADRO N? 2
RESULTADOS ANTROPOMETRICOS Y BIOQUIMICOS EN LOS NINOS

INCLUIDOS EN EL ESTUDIO

Diidmetro
Peso Paniculae correqgido
parxa Perimetro adiposo de - Syero Orina
Comunidad y talla de brazo tricipital brazo Proteinas AlbGmina N__de _urea
Grupo condicién elinica (%) (cm) {ram) {mm) (g/100 ml) ercatinina TCT
I Ciudad de Guatemala a b

Sanos 220 * 1.6° 17.2 + 0.,2® 10.5 + 0.3 44,3 %+ 0.6*  6.9%0 * 0.06° 4.21 + 0.05  10.5 + 0.0 0.96 + 0.04

(¥ = 33)9 (¥ = 33)
Ix Ban Incas Sacatepéquex a a £ £

Sanoa los + 2.0 15.5 + 0.) 10.1 + 0.4 9.4 % 1.2 7.43 + 0.07 4.26 *+ 0.05 %35.3 +£1.3 0.90 + 0.07

(¥ = 19) (N = 19)
IIx Santlago Sacatepéquez 4

Sanos 104 +1.1% 14.4 40,3 9.5+0.3 37.7 +0,9 7.65 + 0.00 4.40 + 0.04 4.0+ 0.5 1.09 + 0,05

(N =« 33) {N = 33} (N = 29)
Iv Santa Marfa Cauqué

" Sanos 100 + 0.8 15.1 + 0.2 9.4 0.3 2J36.0 * 0.6 7.30 + 0.06 4.23 + 0.04 4.2 + 0.6 0.94 + 0,06

(N = 37) (N = 37)
v Santa Marfa Cauqud z.

Po;t_.a:mpion 99 : 1.8 14.9 .'!" 0.2 9.0 :" O.S 38.5 _+_ 0.7 7..03 _"'. 0.0a ‘.08 _"'. 0.07 3.3 : 0.8 0-72 :!'. 0.05“

(X = 22) (N = 22)

8p < 0.05 con todos los otros grupos.
bp < 0.05 con todos los otros grupos excepto el II.

¢p < 0.05 con todos los otros grupos excepto el V.

dp < 0.05 con grupos IV y V.

ep < 0.05 con grupo III.

Ip < 0.05 con todos los otros grupos excepto el I.
gp < 0.05 Datos sobre determinaciones efectuadas cuando el niimero fue inferior al total de niinos estudiados.
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Con respecto a la circunferencia del brazo, el grupo de la
ciudad de Guatemala presentd valores significativamente su-
periores a los demads, mientras que el de Santiago Sacatepé-
quez tuvo los niveles mas bajos. De nuevo pudo verificarse la
ausencia de diferencias significativas entre los dos grupos in-
vestigados en Santa Maria Cauqué, asi como entre éstos y los
nifios de San Lucas y de Santiago Sacatepéquez.

Las mediciones de paniculo adiposo tricipital revelaron que
los nifios de nivel socioecondmico alto y mediano tenian un
paniculo adiposo mayor que los ninos de nivel socioeconémico
bajo. Sin embargo, entre éstos no se determinaron diferencias
signmificativas. El didmetro del brazo, corregido para adiposi-
dad (indice de muscularidad), mostrd ser significativamente
superior en el grupo de la ciudad de Guatemala con respecto
a todos los otros grupos estudiados. No hubo diferencias de sig-
nificancia estadistica entre ninguno de los otros grupos in-
cluidos en la investigacion.

El grupo de nifios de la ciudad de Guatemala acusé vajores
de proteinas séricas totales inferiores a los de todos los otros
grupos, salvo el de Santa Maria Cauqué que, segin se dijo,
fue estudiado un mes después de sufrir sarampidén. El grupo
de Santiago Sacatepéquez, de situacién socioecondémica baja,
tuvo niveles mas altos de proteinas séricas totales que los otros
dos grupos del mismo nivel socioeconémico, en Santa Maria
Cauqué, representados por nifios aparentemente sanos o des-
pués de haber tenido sarampién. La concentracién de albiimi-
na sérica fue mas alta en el grupo estudiado en Santiago, que
en los otros, con excepcion de San Lucas. El promedio maés
bajo de albtimina sérica se encontrd en el grupo post-saram-
pion de Santa Maria Cauqué. aun cuando las diferencias no
fueron estadisticamente significativas.

La relaci6n de nitrégeno de urea a crea inina urinaria mos-
tré niveles francamente superiores en los 1inos de la ciudad
de Guatemala y de San Lucas Sacatépequez, mientras que los
grupos de baja situacién socioecondmica mostraron niveles ba-
jos. De nuevo, el grupo post-sarampion de Santa Maria acusé
el nivel minimo, aunque las diferencias entre éste y los otros
grupos de bajo nivel socicecondmico no alcanzaron significa-
do estadistico.

Con respecto al indice de creatinina/talla (ICT). en todas
las poblaciones de ninos estudiadas se obtuvieron valores pro-
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medio normales (0.9 o mas), con excepcion del grupo post-
saramp.on de Santa Maria, el cual mostré valores francamente
inferiores y significativamente diferentes a los de todos los
otros grupos.

Los Cuadros Nos. 3 y 4 muestran la distribucién porcentual
de los niflos dentro de cada grupo estudiado, de acuerdo a los
siguientes limites: a) peso para edad - segiin los limites esta-
blecidos en la clasificacion de Gémez (10); b) peso para talla -
tres valores: 90, 92 y 95% del que era de esperar; c) circunfe-
rencia del brazo, paniculo adiposo y didmetro del brazo co-
rregido por adiposidad - el décimo percentilo de los valores
de McCammon (31) calculados tanto para la edad/talla como
para la edad cronolégica; d) didmetro del brazo corregido por
adipos:dad - restando el 50 percentilo de paniculo adiposo tri-
cipital al décimo percentilo del perimetro; e) proteinas y albil-
mina séricas - 65 y 3.4 g por 100 mililitros, respectivamente;
f) ICT - considerando como valores limites 705 y 85% de los®
valores esperados (20, 21, 32).

Segiin los resultados de la distribucion de las medidas an-
tropométricas (Cuadro No. 3), el grupo de alto nivel socio-
econémico presenta caracteristicas idénticas a las de nifios nor-
teamericanos; ademas, el porcentaje de casos por debajo de
los limites escogidos aumenta a medida que baja la situacién
socioeconémica de las poblaciones estudiadas. En todos los
casos, el grupo de Santa Maria Cauqué —investigado después
de haber sufrido sarampion— presenté un mayor porcentaje
de nifios por debajo de los limites establecidos. Sin embargo,
unicamente el perimetro de brazo para la edad cronolégica
de los nihos y el grosor de paniculo adiposo, tanto para la edad
cronolégica como para la edad/talla, muestran diferencias sig-
n.{icativas con el grupo control de la misma poblacién, cons-
tituido por nifios aparentemente sanos.

Desde el punto de vista bioquimico (Cuadro No. 4) se ob-
serva esencialmente la misma tendencia, salvo que los valores
obtenidos para el ICT en el grupo post-saramp'on de Santa
Maria Cauqué. fueron significativamente diferentes de los

del grupo de nifios aparentemente sanos de las misma comuni-
dad.



CUADRO N3
DISTRIBUCION DE VALORES ANTROPOMETRICOS EN LAS POBLACIONES INVESTIGADAS (% DE NIROS)

< 10 percentilo

de,
< 10 pexcentilo 10 percentilo didmetro de
Grupo Poblacién Peso para Peso para del de brézo menos
edad talla perimetro de paniculo adiposo adiposidad
% % brazo, para tricipital, para para
<60 <75 <90 <£92 <95 "Talla Edad Talla Edad Talla Edad
I Ciudad de Guatemala
Sanos 0 0 2 4 4 2 2 2 2 6 6
II San Lucas Sacatepéquez
Sanos 0 20 5 10 10 24 29 5 S 24 33
IXI Santiago Sacatepéquez
Sanos 4 41 2 6 12 48 58 19 8 43 59
IV  santa Marifa Cauqué
Sanos 2 61 4 12 21 33 49 8 8 48 54
V  Santa Marfa Cauqué a a a
Post~-sarampién 5 62 9 17 30 43 74° 22 22 52 56

ap < 0.05 con nifios sanos de 1la misma comunidad (Grxupo IV).



CUADRO N°? 4
DISTRIBUCION DE VALORES BIOQUIMICOS EN LAS POBLACIONES INVESTIGADAS (% DE NIROS)

Proteinas séricas Albfimina sérica Indice de
(g/100 ml) (g/100 m1l) crecatinina/talla
Grupo  Poblacién < 6.5 <3.4 <0.70 <0.85
I Ciudad de Guatemala
Sanos 6 0 13 35
Ix San Lucas Sacatepéquez
Sanos 12 5 18 40
IIT Santiago Sacatepéquez
Sanos 9 3 3 14
Iv Santa Marfa Cauqué
Sanos 8 4 18 38
v Santa Marfa Cauqué i a a
Post-sarampibn 15 7 45 64

®p < 005 con todos los otros grupos.
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DISCUSION

Los resultados del presente estudio ponen de manifiesto
varios hechos de importancia: 1) Que el estado socioeconomi-
co de las poblaciones estudiadas se asocia a las caracteristicas
de crecimiento y al estado nuiricional de nifios de edad pre-
escolar. 2) Que el nino moderadamente desnutrido por lo ge-
neral esta adaptado, o compensado, ya que mantiene niveles
de peso, adiposidad y masa muscular o magra, normales para
su talla. 3) Que una infeccién severa en grupos de poblacién
de bajo nivel sociceconémico y cuya nutricion es deficiente,
afecta de manera prolongada tanto su nutrici6n calérica como
la proteinica. En base a los resultados de peso para talla y a los
promedios de paniculo adiposo, parece ser, sin embargo, que
la nutricién caldrica se recupera mas rapidamente que la pro-
teinica.

El grupo de alto nivel socioeconémico contrasta con los de-
mas por tener todos los valores antropométricos dentro de los
limites establecidos como normales para poblaciones estado-
unidenses de edad y sexo similares. Es de interés destacar que
aun el grupo de poblacion considerado como de situacién so-
cioecondmica mediana, presenta una clara disminucién en ta-
lla que, para una edad promedio de tres afios diez meses, re-
presenta ya un retraso promedio de un ano tres meses. Este
retardo estatural es atin mas evidente en los grupos de bajo
nivel socioeconémico. Asimismo, es importante considerar que
las edades de los nifios en los diversos grupos de poblacion es-
tudiados no son iguales, ya que los de Santa Maria Cauqué
eran mayores que los de las otras poblaciones. Es posible que
por este motivo, en ellos el retardo estatural relativo es mayor
que en el grupo de Santiago Sacatepéquez.

Exista o no un retardo ponderal parz la edad, en todos los
grupos estudiados, el peso para talla resula ser adecuado. Este
hecho sugiere que en los mfios de las edaces estudiadas, el re-
tardo ponderal para la edad es fundamentalmente una conse-
cuencia del retardo estatural.

El hecho de que en el grupo post-sarampién el promedio de
peso haya sido adecuado para su talla podria sugerir que los
nifios se habian recuperado totalmente del efecto de la infec-
c16n severa. Los promedios del grosor del paniculo adiposo
tricipital y del didmetro del brazo corregido por adiposidad
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parecerian confirmar parcialmente esta sugerencia. Sin em-
bargo, el analisis de la distribucion porcentual de casos por
debajo de los limites considerados como normales, revela un
panorama distinto, que tiende a reflejar mas fielmente tanto
las caracteristicas relacionadas a diversos niveles socioeconé-
micos, como las consecutivas a una infeccion severa previa:
19) Es evidente que el nimero de nifios con valores antropomé-
tricos sub-normales tiende a aumentar conforme la condiciéon
socioeconomica disminuye. 2°) El efecto del sarampion se tra-
duce en un mayor numero de ninos con paniculo adiposo por
debajo del 10 percentilo, tanto para la edad cronolégica como
para la edad/talla; ademas, el perimetro del brazo es inferior
cuando éste se compara al 10 percentilo de nifios de igual edad,
aunque no asi en relacion con el 10° percentilo de nifios de
1gual talla.

Desde el punto de vista bioquimico, las proteinas séricas
totales en promedio, fueron inferiores en el grupo de alto ni-
vel socioeconémico que en los restantes, mientras que los va-
lores de albimina sérica fueron fundamentalmente iguales en
todos los grupos, salvo el de Santiago Sacatepéquez que acusd
niveles mas altos. Esta discrepancia entre los niveles de pro-
teinas séricas totales y los de albimina, refleja los valores mas
altos de globulina previamente determinados en grupos de po-
blacidn de bajo nivel socioecondmico que viven bajo condicio-
nes deficientes de higiene personal y ambiental (33, 34). En
efecto, la fracecién y globulina fue la responsable de la mayor
parte del alza de las proteinas séricas totales en los grupos de
nivel socioeconémico mediano y bajo (p<0 05 con el grupo de
nivel socioeconémico alto). Los niveles gromedio de proteinas
y de albimina no reflejaron el efecto de una infeccién severa
previa sobre el estado de nutricion proteinica. La distribu-
c16n porcentual de valores bajos de estas determinaciones bio-
quimicas de nuevo destacan la normalidad del grupo de alto ni-
vel socioeconémico Al mismo tiempo, en los grupos de menor
nivel socioeconomico, el niimero de valores inferiores a lo ner-
mal es elevado y tiende a aumentar atin mas en el grupo post-
sarampién, a pesar de que las diferencias no son estadistica-
mente significativas.

La relacion de nitrégeno de urea a creatinina indica que
tanto el grupo de nivel socioecondémico alto como el de nivel
socioeconémico mediano, consumian significativamente mas
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proteinas que los grupos de status socioeconémico bajo. Es de
interés especular en cuanto a un probable efecto predominante
del factor higiénico sobre el retardo estatural y la elevacion
de y globulinas séricas, ya que ambos ocurren en el grupo de
nivel socioecondmico mediano, a pesar de que en base a la ra-
zOn urea/creatinina, la ingesta proteinica parece adecuada.
Parte del retardo estatural podria también deberse a efectos
ambientales desfavorables tempranos, fundamentalmente de
caracter nutricional o infeccioso (prenatales o con anteriori-
dad a los dos afios de edad).

En contraste con todas las mediciones previas, el indice
de creatinina/talla reveld no solo diferencias significativas
en cuanto a distribucidon de valores bajos, sino también en tér-
minos de promedio, entre el grupo estudiado después de un
episodio infeccioso severo y los restantes, incluyendo los ni-
nos de la misma comunidad que no habian sufrido reciente-
mente de sarampidén. Sin embargo, este indice no llega a 0.85
en 35% de los sujetos de alto nivel socioecondmico. Este ha-
llazgo podria explicarse: primero, por el hecho de que la ex-
crecion urinaria de creatinina no es constante en el curso de
24 horas; segundo, debido a que en varios de estos ninos el flu-
jo urinario fue escaso, y por Ultimo, a causa de un vaciamien-
to incompleto de la vejiga durante la coleccion de orina. Cua-
lesquiera de estas causas da origen a valores bajos cuya mag-
nitud se magnifica ocho veces al extrapolarlos a 24 horas.

A pesar de las limitaciones impuestas por la metodologia
empleada, el ICT es un método sensitivo para detectar la de-
pauperacién proteinica, y permite demostrar el impacto del
sarampion —y probablemente de otras infecciones severas—
sobre el estado nutricional proteinico de la poblacién general.
Estos estudios parecen indicar igualmente que después de una
infeccién severa, tanto el estado de nutricidén calérica —refle-
jada por el grosor del paniculo adiposo tricipital— como el
peso para la talla, se recuperan mas rapidamente que el estado
de nutricion proteinica. Esta disparidad en la velocidad de re-
cuperacién nutricional caldrica y proteinica es semejante a
la que se cbserva en nifios con desnutricidn proteinico-caléri-
ca severa bajo condiciones de tratamiento hospitalario, en quie-
nes la mayoria de las veces se aprecia una recuperacion mas
rapida del peso que de la masa proteinica (20, 35). De la mis-
ma manera, estos resultados explican c6mo un proceso infec-
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cioso severo puede constituir un factor precipitante de desnu-
tricion proteinica severa en poblaciones de bajo nivel socio-
economico (36).

El analisis de los distintos indicadores utilizados en el es-
tudio aqui descrito ilustra claramente que cada uno de ellos
estd midiendo un fenémeno diferente: asi, el peso para la
edad y el perimetro del brazo constituyen una especie de resu-
men de toda la historia nutricional del nino, incluyendo, en
parte, su situacion nutricional global del momento. La talla
para la edad refleja tinicamente la historia del nifio, y esta
menos sujeta a fluctuaciones bruscas. El peso para la talla es
un indicador mas especifico del estado nutricional caldrico
actual y lo mismo aplica a la medicion del paniculo adipeso,
siendo maés sensible esta ultima. El diametro del brazo corre-
gido para el paniculo adiposo refleja un estado cronico de sub-
nutriciéon fundamentalmente proteinica, ya que indirectamen-
te mide el grado de muscularidad. Sin embargo, cabe subrayar
que este indicador no fue lo suficientemente sensible como pa-
ra establecer diferencias significativas entre los grupos de
bajo nivel socioeconémico incluidos en este estudio, ni en tér-
minos de valores promedio, ni al expresar los datos en funcién
de prevalencia de niveles bajos. Esta falta de sensibilidad se
encuentra también en nifios estudiados bajo condiciones meta-
bolicas, ya que su coeficiente de correlacion con el ICT en
esas condiciones es menor de 0.5.

La relacion nitrogeno de urea/creatinina refleja principal-
mente 14 ingesta proteinica en los dias previos al estudio. En
poblaciones subalimentadas, los valores de proteinas séricas
totales tienen la enorme limitacion de que mecanismos no siem-
pre claramente definidos pueden elevarlos; entre ellos cabe
indicar el alza de los niveles de y globulinas como consecuen-
cia de estimulos antigénicos.

Segiin se sabe, los valores séricos de albumina so6lo son
afectados significativamente en estadios avanzados de defi-
ciencia proteinica, aun cuando en casos individuales los nive-
les de albumina desciendan lenta y no significativamente, con-
forme avanza un proceso de desnutricién proteinica. Por otro
lado, el ICT parece ser un indicador sensible de descompensa-
cién nutricional proteinica, que refleja la masa muscular en
relacién a la talla. Este indice. por lo tanto, no esti afectado
por situaciones alimentarias de corta duracién, y es normal
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mientras el nifio no esté sufriendo de un déficat proteinico-
calérico prolongado que demande un catabolismo muscular
acelerado. Una de las limitaciones del ICT es su gran varia-
bilidad cuando la coleccién de orina se hace por periodos cor-
tos (= 3 horas), en contraste con periodos de 24 horas o més
(2023, 32). El ICT obtenido en periodos cortos de coleccion
de orina obviamente sélo puede servir para la clasificacién
de grupos de poblacién, y no para definir la masa proteinica
de casos individuales. Esta Gltima puede definirse de manera
individual Ginicamente por medio de colecciones de ormna por
periodos largos y prefer1b1emente repetidos (20-23).

La presente investigacién subraya la importancia de cier-
tas mediciones antropomeétricas y bloqulmlcas en la definicién
del estado nutricional de grupos de mifios de edad preescolar.
Con base en los resultados obtenidos, se sugiere que el peso
para la talla y el grosor del paniculo adiposo tricipital son me-
diciones 1tiles para determinar el estado actual de nutricién
calérica, y que el indice de creatinina/talla es la medicion mas
sensible para determinar el estado de nutricion proteinica del
momento, en estudios transversales.
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SUMMARY

Methods for evaluating protein-calorie nutritional s atus In preschesl chil-
dren from different soclo-economic levels. Nutritional repercussiens of
measies In chronically undernourished children

A tctal of 194 preschool age Guatemalan children from three secle-
economic catzgories, were studied. These were divided Into five greups:
one group of children had high socio-economic standards; the second came
from an intermediate status, and the last three correspended te the low
socioeconomic level. In the low socio-econemlic groups, 23 children were
studied one menth after an episode of measles, The fellowing measurements
were obtained: weight, height, arm clircumference, triclpital skinfold, tetal
ssrum protein and albumin concentration, urea/creatinine ratie and crea-
tinine/height Index in urine samples collected In a 3-hour timed peried.
With the exception of those children belonging to the high socio-ecenomlic
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group, all others had frank retardation in weight and height for-age. How-
ever, all the other antropometric measurements, including welght-for-
height, were predominantly normal In all groups, even though the number
of children with subnormal values was higher in the low socio-economlic
group's. The post-measles group had a higher prevalence of subnormal
skinfold values.

Biochemically, the urea/creatinine ratlo was significantly higher in
children from the high and medium soclo-economic groups, than in those
belonging to the low soclo-economic level. Total serum proteins and albu-
min concentrations did not show differences suggestive of protein defi-
clency, either In the various soclo-economic groups or in the post-measles
group. Gamma globulins were found elevated in the children not per.
taining to the high socio-economic group, and probably reflected poor
environmental conditions. The creatinine/height Index was clearly diml-
nished in the post-infectious group, as compared to all the others, wich,
according to this Indicator, had normal muscle mass-for-height. The In-
terpretation of each one of the Indicators of nutritional condition tested
in the study, is discussed.

The deleterious effects of a severe Infection in suboptimally nourished
children Is also demonstrated at the fleld level. It appears that the nutrl-
tional impact of measles is more pronounced and longer-lasting In terms
of protein nutrition than In terms of calorle nutrition.
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Clasilicacion [uncional de poblaciones desnutridas
en la Repidblica de El Salvador

Desarrollo metodoldgico

Y. Valverde, F. Trowbridge, I. Beghin, B. Pillet,
Isabel Nieves, Nancy Sloan, T. Farrell,
I’.R. Payne, J.L. Joy y R.E. Klein

CGeneralmente, los tipicos programas gihernamentales sobre nutriciin carceen
de dutes precisos sobre la imagnitud de los arupos que podrian beneficiarse
de las intervenciones, sobre los dijerentes grupos de posibles heneficiarios,
asi conno s nbicacion; y acerca de las caracteristicas socioccondmicas ¥ cultn-
rales e pueden servir para identific arlos fdeilmente. En ¢l sistema de clasi-
ficeicin funcional para la detevmineciin de  problemas  nutriciondles, se
recoeen datos detellados sobre ¢l comportamicnto humano y las limitaciones
sociales a nivel familiar ¥ comunitavio. Lox datos e interpretan Inego en
rervsines generales con ¢l fin de dedie i como contribuxen cstos fuctores a
creav sitnacione s de inspficiencia netricional en gripes omas anplios. Me-
diviie este nuevo sistema, se podvdn proponer a los planificadores v respon-
sables medidas nuis «fiaces para reducir el mimero de Tos quee viven en
condiciones de penuria.

El concepto

Se ha recogido una gran cantidad de
datos sobre malnutricion infantil en
Amdrica Central y Pananii desde los
aios freinta, Fata lubor ha culmi.
nado con los estudios recientes reali-
zados por el Instituto de Nutricidn
de Centrocumérica y Panamd y Ia Ofi-

' Eestushio sobre el terrens en quie se
hisa este documento fue pabrecinado, en
prrte, por el Gobicmao de Pl Salvador, Ia
Fundacion Ford, In Fundacion W K..Kke-
Nope, Ta Mision del USAID en El Sal-
vador & ROCAP/AID.
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cina de Investigacion JInterm: fonal,
Institutos  Nacionales  de  Sanidad
(1972). en Honduras, por ¢l Sislema
de Andlisis v Planilicacion de  Ia
Alimentacién vy Nulricion (1976), v
por ¢l Instituto de Nut-icion de
Centroamdrica ¥y Panam: Unidad de
Anilisis del Sector Salud . 1976), ¢n
Nicaragua.

Dichos datos ¥ estudion. son. sin
embirgo, de utilidad limitada tanto
para los planificadores como para los
administradores, especialmiente si se
trata de establecer prioridades por
regiones en un pais. de estoger pro-
gramas adccuados para resolver pro-

blemas nutricionales. ¥ de claborar
proyvectos cspecificos para determina-
das regionces y subgrupos de familias
cn las mismas.

Por cjemplo. no es posible poder
responder a las preguntas « qué in-
tervencién » y « para quién » con los
datos agrupados a nivel nacional.
Este hecho acentiia la necesidad de
definir los problemas nutricionales de
los paises en desarrollo en particular,
no sélo de forma prdctica, sino tam-
bién para que puedan ser de unz
ulilidad inmediata.

Tal sistema permitirfa. ademds.,
una mcjor comprension de la rela-
cién mutua entre los [factores que
causan los problemas nutricionales.
Un aspecto fundamental es el ca-
rdcter heterogénco de la pobiacidn
de un pais. asi como la presencia

1 os autores, en octubre de 1977, forma-
ban parte del personal del Instituto de
Nutricin de Cenfroamérica y Panama
(INCAP). CGuatemala, C.A.. excepto
Trowbridge. School of Hygicne and Pu-
blic Health. Johns Hophins  University.
Baltimore. Maryland: P.R. Payne, Deparl-
ment of Human Nutrition, London Scheol
of Hygicne and Tropical Medicine: y
J.I. Joy. Department of Nutritional
Sciences. University of California, Berke-
ley, California.



de grupos profesionales, sociales y
culturales caracteristicos. Ustas dile-
rencias afectan tanto al proceso por
cl que la malnutricion llega a consti-
(uir un problema. como al proceso
por cl gue se pucde mcjorarla o
crradicarla.

PPercatindose de csto. Joy (1973)
introdujo ¢l concepto de « clasifica-
cion funcional de poblaciones desnu-
tridas ». es dccir. la agrupacién de
las poblacioncs cn cafegorias que
pueden utilizarse en la plamificacicn
de 1a nutricién y del desarrollo. Cada
categoria funcional posce una scrie
de caracferisticas comunes. a saber,
el mismo problema nutricional. ¢ la
periencncia a un grupo identificable
(geogrdfico, sociocconémico, cfc ). La
{cicera caracteristica® es que los
micmbros de un determinado grupo
ticnen una elevada probabilidad de
responder del mismo modo a deter-
minadas intervenciones. En este do-
cumenio se afade una cuarla cafe-
goria; la posibilidad de llegar al
grupo a (ravés de las actuales divi-
siones v estructuras administrativas.

Hakim y Solimano (1976} ¥y Payne
(1976) cxaminaron las hipdlesis en
las quc sc basaban los anteriores
esflucrzos para integrar componentcs
nuiricionales en plancs nacionales cp
los paises cn desarrollo. La necesi-
dad e definir los problemas nutri-
cionales v alimentarios en el marco
de una dasificacién  funcional ha
sido subrayada por Joy v Paync
(1975) y Ia FAO (1975).

Abcrcrombie (1975) sciialo tam-
bin Ia timpottancia de identificar di-
voraas calegorias do personas pobres
« omoe medda inicial para resolver la
‘tuacion de penuria En un frabajo
recicntemente realizado en cualro co-
munidades agricolas rurales de cco-
nomia de subsistencia en Guatemala
oriental. Valverde ef al. (1977) cuan-
tificaron y clasificaron las familias
sceun ¢l tamaiio de las explotaciones.
la ocupacién y cl estado nutricional
de sus hijos.

La « clasificacin funcional » de
publacioncs malnutridas. por (anto.
cs esencialmente un nuevo método
de recoger y presentar datos. Difiere
de los sisiemas anfcriores cn que:
() comicnsa por la identificacién de
distintas clases de personas afectadas
en una determinada region: (2) cslu-
dia mds profundamente sus proble-

? E<enual para ¢ métado de Jom, aun-
gue no aparcce cspecificamente  identfi-
cado en la referencia citada.

mas. comporfamicnto y expectHivas
parficularcs: (3) calcula la magmitud
de cada grupo: v (4) trata de evaluar
sus respectivos  problemas por re-
gianes o subregiones. EI hecho de
presenfar cn forma desglosada los
datos recogidos permile reunificarlos
después scgun las necesidades  del
planificador: a nivel nacional. por
rcgioncs, por direcciones administra-
tivas. por cstratos sociocconémicos o
por tipo de emplco. Ello. a su vez.
facilitard Ja identificacion de los pro-
gramas pertinentes, quc tiencn por
objeto reducir la malnufricién de
grupos de familias o de individuos
en una dcterminada region

.Un primer intento por aplicar cste
tipo dc metadologia se ha rcalizado
cn El Salvador. donde el Gabicrno
habia expresado su inlerés cn este
asunto y ofrccido su colaboracidn

Establccimienfo de la metodologia

OBRICTIVOS Y ORGANIZACION
DEL PROYLCTO

Los objetivos del proyccto realizado
cn  El Salvador fucron., primero,
aclualizar ¢ integrar los datos sobre
nutriciéon y socroccondmicos, con el
fin de orientar los programas cxis-

GUATEMALA
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tentes, y los que se habian de deter.
munar ¢n la futura politica nacional
cn maleria de alimentacién y nu-
(ricidn: y. scgundo. cstablecer una
mctodologia para claborar una clasi-
ficacién funcional.

S¢ creo un comité asesor mullidis-
ciplinario para definir la naturaleza
y cl tipo de datos que habian de
recogerse, es{ablecer los métodos de
recopilacion, preparar un plan ana-
liico provisional y dirigir las acti.
vidades gencrales de campo Se
redactd una lista de nueve preguntas
que se detallan en el Cuadro 1.

FUENTES DE INTORMACION EN EL PAfs

Investigando cn las publicaciones de
datos generales sobre las condiciones
politicas. econdmicas, demograficas
y agricolas dc EIl Salvador, se pudo
obtener matenal bastante util, por
cjemplo. censos de la vivienda. de.
mogrdlicos y agricolas de 1971, 1a
Ista de limites admimslrativos de
cada municipio ® del pais. y el censo
demogrifico de 1976, en ¢l que se
determina el nimero de casas y la

' I Salvador se ha dividido, desde e
punto de vista adnunistrativo, en 14 de-
parlamentos, 261 municipios y 2 057 can
tones
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Subtreqion central de explotacion cofclalera
Subregion oriental de explolacion caleinlera
Grupos urbanos
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Sulsreninn scplentirnal de explolacion aaricola ma ginal
Si'ncgion cential 2 explnt icinm aunicnla rarg nal
Subreqion costera de explotacien agricnla marqinal
Sulnegion cenir1! de explotacion aquicola irlensiva
Subregion cosiera d2 eyplotacion agricola inlensiva
Subreqion orcidental de exnintacion caletalera

Figura 1. Ubicacién de las subregiones agricolas y grupos urbanos de El Salvaot



Crannn | PricUINIAS A 1A i VA DF
FOSPONDIR 1. FROVIC IO DEE ¢ F AN Y ACION
1 LIN HINAL

I. (Qué regiones de El Salvador. dus-
critus e {2rmunoes geogrificos ¥ admi-
nistrativos, ticnen miis problecmas de
malnutricion?

2. Cuiles son Jas caracteristicas socia-
les, ccononucas y sanifarias gencrales
de los grupos de poblacién que viven
cn diferenles regiones?

3. (Cual es la paoblacién fotal de cada
regiéin y subregion? ;Cuintos niios
en edad preescolar malnutndos hay
cen cada region? (Cual es ¢l nimero
aproximado dec mujeres lactanics y
gesfantes?

4 Cunl cs Ia importancia relativa de los
diferenles factores socitles. econonu-
cos y culturales como causas de mal-
nutncion cn cada region, Y wn las

distintas catcgonas de poblacion?

§ (Cual es Ia magnitud dc cslas cale-
garias dc poblaciéon y cual su estado
nutricional?

6. Qué tipa de programac <on mds im-
portantes para s diferentes regiencs
y calcgoras de poblacion? Cuantas
personas responden a Ios propramas
idunticados?

7 - . Cuit es o vinbilidad politie . ccone-
niLt y opetatina e los pregramias
ptopuestos? Qnenes seran en defmi-
tnna los bencficuinios de los nusmoes]

§  Qné cantidad de 1ccursos cconomi-
cos & pecesity pata reduar sensible-
menle el numaro de Familias que pa-
decen malnutnicdion on las diferentes
rcgiones?

9 Como pueden dedectarse Ing cambios
thl cvtado nutncronil, utiheando los
achnales sistemas de mmformacton?

poblacion total de cada canfon. Se
descartd otro material, cuando los
datos no podian desglosatse por re-
giones o subregiones, o los métodos
ufilizados al recogerlos no s¢ consi-
deraron suficientecmente fidedignos.

DITINICION DI RIGIONES Y LIMITES
ADMINISTRATIVOS

Cuando se clabord el pioyecto. se
claban revisando las divisiones Te-
grondles del pais Tue necesario, por
tanta, dehinutar fas regiones espectli-
camente para cl proyecto. Esfo sc
realizd teniendo en cuenfa los dife-
renles  sisfiemas  de  ulilizaciin  de
Gerras supomendo gue cada uno de
cllos corresponderia a: (1) ambicntes
socioculturales midis o menos homo-
géncos. y (2) tipos andlogos de pro-
blemas nutricionalcs.

10

Con cl fin de Maditar datts dtles
para los planilicadores y adnunistra-
dores. se cligié ¢l municipio como la
unidad administrativa mds  conve-
nicnle, ya quc no sc disponia de
datos sobre los limiles cantonales,
Los mapas de utilizacién de tierras
y olras encuestas y datos censales
cxistentes permilicron dividir ¢l pais
en tres regiones agricolas: (1) eaplo-
tacion agricola marginal o de subsis-
fencia;, (2) eaplotacion agricola inten-
siva (cultivos comercialcs para la
exportacion); y (3) producadn de
café. En una cuarta categoria « urba-
na » se incluyeron todos los cantones
y capilales de municipios que tcnian
10 000 habitanlcs 0o mds cn 1976. Se
cstablecicron subregiones. tomando
como base criterios peogrificos hasta
formar un total de nueve grupos ubi-
cados como apaiccen en la [Nigura 1.
Las cuatro rcgiones sc¢ utilizaron
como marcos de muecstra para todas
las actividades de campo posteriores
En el Cuadro 2 sc resumen los resul-
tados de la clasificacién nicial por
regioncs y subregiones. cn (érnunos
de la superficie de las tierias y de la
poblacion.

UsO DI 1.0S DALOS (TNSALIS

Los datos demograficos v los censos
de la vivienda tniciales se agregaron
y resumicron a nivel fanuliar paia
cada uno de los 2057 cantanes de
El Salvador. Las varables incluian.
sex0 y distnbucion por cdades. esfa-
do civil, miimcro de niemhbros de 1a

Cianro 2

familia. ocupacidn, grado de alfabe-
tizacion, asislencia cscolar, grado dec
cnseiiansza eleanzado. mortahidad de
recién nacidos y nifios. fertilidad,
sifuacidn cn cuanto a propicdad de
1a casa. lipo de casa, fucnles de agua,
evacuacién de desechos ¢ industrias
domésticas. Eslas variables se sub-
dividieron ultcriormente; por ejem-
plo. cl agua por fuentes, ete. Se cal-
cularon {olales y porcenlajes para
cada variable y sus respeclivas sub-
divisioncs Estos datos, reunidos y
resumidos por cantones, se exponen
ahora en forma flexible y pueden
ulilizarse [dcilmente para preparar
ficheros sccundarios a mivel muni-
cipal, o pucden reunirse scglin varios
ofros criterios, como las superficies
abarcadas por los centros sanitarios,
scrvicios de cxlensidén agricola, o
pucden interpretarse como promedios
o porcentajes nacionales. Pueden uti-
lizarse también para senalar las ca-
racleristicas espcciales de los can-
tones. como por cjemplo, .clevado
indice de desempleo, bajo nivel de
escolandad, clc.

ENCUISTAS DT CAMPO

Todos los datos considerados csen-
ciales para el proyecto. tvro no
obicnidos de estudios en cu 0. Se
rcunicron Mmedianle cncuestas sobre
el terreno Sc reahizaron tres tipos

cstudio. evaluacidn del estado nut, -
cional, evaluacidn socioecondmica 2
las fanmhias, y cstudios ctnogrificos
descriptivos de la vida comunal,

CIASIIICACION SIGUN LA PORT ACION Y LA REGION

Reguin Subregion Supetficie Pablacion Densidad

A pob_jkm?
Urbana ee esanase |Urtbana! — 1 154 590 —_—
Café . « | Occudental 1437 304 679 Z12
Cuntrel 6R1 124 065 152
Oriental 408 104 975 257
ToiaL . . . 2 526 533719 211
Fxplatacion agricola mtensiva {Cuntral KRY) 137 903 409
Costera 3608 497 905 138
Totwa . . . . 3942 635 808 k61
Explotacién agnicola marginal | Septentrional 6 500 745 388 114
- Cuntial 4 474 719077 161
Coslcra 31531 436 798 124
ToraL. ... ......... 14 565 1501 263 130

! Todos los cantuncs y capuales munmicipales con una poblaciun Jde 10 000 habitantes @ mds



yvalie ion del estado it ional

I-ste aspecto de la invesiig wadn {enis
por objeto evaluar ¢l estado nutii-
cional de los lactantes vy los nriios en
cdad pre-cscolar Dicha evaluacién
fuc necesaria para identificar v esta-
blecer las dilerencias potencialmente
importantes gue cxistian en cuanlo
al cstado nutricional entre las re-
groncs. y cntre las catcgotias demo-
pralicas en cada regiin. Sc fomd una
muesira de 6409 nifios de ambos
sexos. comprendidos entre los 6 y
los 59 meses de cdad. procedentes
de 148 comumidades distiibuidas en
todas las regiones. Se reahizaron me-
diciones de peso, altura vy crcunfe-
rencia del brazo medianfe visitas a
donncilio

La mucstia urbana solamente 1n-
dind a nmifios que vivian en las
chabolas de San Salvador Se reco-
gicron también medudas anttopomé-
tiinas de una muesira nacional de
787 nifos de 6 meses a 89 meses de
cdad. comprendidos en una encucta
naconal sobie ¢l estado en cuanto
al consumo dee vitamma A realizada
pot otro grupo del INCAP en 1976
P stes datos e compataron lucgo con
fos valores estableados pata oy
notmales ¢n los paises desarrollados,
v los resultados «¢ analizaron a nivel
nacional, regumal, v, cn alganos wa-
sos, subregronal

yoluacion socioccondmica de  las
tncedades fanmihares
Subre Ll composiadn.  ocupacion,

instruccion, nugracion  dilerenies in-
dicadores de salud ¢ mgresos, v pro-
duccion agricola de la familia se
reunmicron datos socioccondénncos de
dos grupos de la poblackn para
identiicar las caracdteristicas familia-
res asociadas con la malnutnicion en

cada regidn, y los factores conevos

comuncs a tadas las regiones, y para
respaldar con datos cuantitativos los
cstuchios deseripiivos de la comum-
dawd Realizada la encuesta sobre ¢l
estado nulnaional en las cuatro 1e-
giones, se selecaond, con fines com-
patatinnos, un total de 625 familras
« de bajo indie de nesgo/bien nutni-
das » y 625 « de clevado indwe de
riesgo/malnuiridas » - (que  tuvicran
por [o menos un mifio con un 7579,

de suhiciencia de peso por edad)

Landios desenpinos sobie Ia vida
connntaiad

La tazén fundamental por 1a que se
rcalizan cstos estudios fue la de co-

nocer mejor la relacidn compleja
exisfente entie los factores sociafes,
culturales y econdmicos, y los pro-
cesos relacionados con la nutniwidn
y la salud

Sc scleccionaron cuatro comunt-
dades. consideradas  representativas
de las regiones respechivas, segun
criterios demogrificos, peogrificos y
ccondnucos Los etndgralos vivieron
cn cada comunidad duranic scis a
ocho semanas. aphicando los mclo-
dos cldsicos de investigacidén antro-
poldgica: observacion medrante la
participacién y entrevistas Los datos
<¢ recogicron de acucrdo con una
gufa prdctica. especialmente clabo-
rada para cste estudio, después de
consultar con el comité asesor Pos-
{criormente, s¢ visilaron otras comu-
mdades de la misma regidn. cun
ubjeto de evaluar la apheabilidad de
las obscrvaciones Por ultimo, las
.notas obtemidas sobre ¢l terrcno se
arganmizaron, analizaron, inferprefa-
ron y prescntaron en informes scpa-

CUADRO 3 INIORNMIS SORRE TA VIDA
CONMUINITARTA

Nounrras nr SURSISYINCIA

-— Achividades econamicas y sistemas de
tenenciy de (ierras
- Tconomiua y servicios comunitanaos

— Economia domestica

AL IMENTACION ¥ NUTRICHON

=+ I"laboracion v almacen imienio de ali-
menfos

— Reg mien v habdos alimenfanos

— Almentacion de hietintes y niios

— Creenttas 3y actitudes con 1ichicion a
los alimentos

SANIDAD [ INGIENT

— Sancanuento ded medio

— Higiene perconal de las madres  los
mnos

— Uso de servicios mcdiens dispaonibles

— Creenctas y costumbres asocladas

PARIO ¥ CI1ANZA

— Rdlaciones hombre mujer ¥y reprodue-
Lion

~ Embarazo y parto
-~ Cuanza

COMUNICACION, ENSENANZA, CAMBIO C
INNOM A TON

-~  omunicaciom
- - Camluo ¢ mnovacron
- Tnseiianza y oportunidades analogas

rados, de conformidad con los sub-
titulos mdicados en el Cuadro 3.

ANALISIS LI DAIOS

El proccso de andlisis de datos tenia
por objcto principalmente responder
a las preguntas cnumeradas cn cl
Cuadro | Para las dos primeras,
sobre las diferencias repionales y el
cslado nutricional, se utihzaron los
datos anfropométricos y dcl censo
de la poblacidn de 1976 La caracte-
rizacién de las regiones en términos

“sotioeconémicos se basé principal-

mente en los datos dispomibles a ni-
vel cantonal y/o municipal, mediante
un nfievo andhisis de los censos de Ia
poblacién, la vivienda y la agricul-
tura rcalizados en 1971,

Los datos sobre el estado nutricio-
nal de los nrfios procedentes de dife-
rentes categorias de familias (pre-
guntas 3. 4 y 5) se basaron cn los
datos oblemidos de las encucslas so-
croccondémicas y antropomitricas. Se
estimd ¢l cstado nutricional de los
miios procedentes de diferentes tipos
de familias, y se cuantificd la magni-
tud total de estas calegorias utilizan-
do los censos de poblactdén realizados
cn 1971 y 1976

Pata los (emas referentes al tipo,
importancia y costo de las interven-
cioncs nulricionales (preguntas 6, 7
y 8) hubo que agrupar todos los da-
los recogidos Por cjemplo los datos
permiticron analizar el efecto y la
respucsta de subgrupos o poblacio-
nes espedificas en una determinada
regidn, es decir, la respucsta de los
agricultores sin ticrras_en regioncs
de cconomia de subsisiencia a los
piogramas de aumento de la dispo-
nibilidad de ticrras y de la produc-
cién. de salarios minimos. servicios
higiénicos, enscfianza, y organizacién
dc la comunidad

Por ultimo. con respecto a la ins-
peecidn nutrictonal (pregunta 9). los
cstudins  antropomelricos regionales
necesarios para la cjecucion de cste
_proyecto suvieron para corroborar
los datos sobre nutricién de la in-
fancia. recopilados por funcionarios
gubcrnamentales cn centros sanita-
rios Lsta informacién, rcumda habi-
tialmente por los servicios sanitarios,
s¢ componc de un diagndstico mé-
dico bdsico de la malnutricién y de
datos sobre ¢l peso de todos los ni-
fios menores de cnca afios, que se
tcgistra ¢n algunas zonas cn la pri-
mera visila anual a la clinica Como
consccucncia de esta convalidacion
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de Tos datos recogrdoy onoconfros
wnitatios, vn 1977, el Golrwama, ulti-
Lizando su sistenia de datos, comenza
a aphicar un progrania de vigilancia
de In nutriadn. En anos Tuluros se
incorporasin otros indicadores, una
vez refinados y convalidados

Mcjoras fuluras

Aunque sc recogicron muchas ense-
fianzas utlcs de cste pinner ensayo
de establecimienfo de una mctodo-
logia un examen critico de la labor
llevada a cabo en El Salvador pone
de manithiesto ciertos aspectos que
conviene mejorar or la futwa elabo-
racion de la clastficacon Tuncional
Se analizan a continuaadn tes de
dichos aspettos

PROCIDIMITNTOS ORGANIZALIVAS

El estudio teveld que los estudios
sobie la comumdad y los peifiles
amihres podrisn rcalizarse en un
perindo de unas 10 a 12 semanas,
cegun la mportancia y diveraidad
de In comumdad vy la nafuraleza
especifica del problema Lo adeal
s enaaigdr wsta labor a antropd-
logos capacitadas No obstante <1 se
dispone de una apropiada vy deta-
Hada guia practica, serd sulicrente un
porcomal bien preparado v compe-
ente on creneras sociales  Ademads,
este fipo de acthimadad de camipo debe
ser preceddo de un examen exhaus-
ho de la documentacidn 1elativa
lante a los problemas nutricionales
como al medio ambiente cultural del
lugar en que se ha de realizar Ia
mvestigacion

Asiusmo, 1mporta espectalmente
que ese tipo de nvestigacidn  sea
supctvisado cndadosamente por pro-
fesionales competentes en antrapolo-
g soaial o cultural, y que todos Tos
micmbros del cquipo conozean bien
la fimaldad del sistema de clasifica-
cién funcional.

CIrOS D DATOS QU HAN 11 RI UNIRST®

La estrategia mds cficas que dehe
utihzarse en cse tipa de proyectos
cs. sin duda, la de Tos estudios antro-
pomctnicos S embargo, ¢l famaio
utilizado en las regrones fue mayor
del necesanio Los datos sobre 700 o
800 miios, tomados de 20 o 25§ luga-
res escogrdas al azar on cada 1egidn,
habrian  proporcionado mformadién
lidedigna sobre la eatensién de 1la

12

- ——

I ' Decision puliha y nasignucién de recursos ,
2 Integracion de un grupe multidisciplinarie
3 I Examen de 1a informacion y documeniacion disponible I
4
4 Reconocimiento répido del pais
5 Definicion de las regiones y subregliones
6 I Caracterizacion Je las regiones y susregiones con Inlermacion censal |
7 l Evaluacion nulnrcional y socincconomica de las famllias l
8 ' Analisis prellminar de les datos l
b
L] I Deccripciones de la comumidad y estudip de la familla tipica I
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Analisis finai de los dalos Individuacion, seleccion y evaluacion de programas

Figura 2, Orden sugerido de etapas para elaboracion de la clasificacion funcional

malnutnicién mfantil en las distintas
reaiones  Aungque hubiesen sido con-
venienfes, los datos referentes a otras
deficiencias nutricionales en grupos
de adultos (por ejemplo, anenua por
falta de hictto en mujeies embaia-
zadas), habrian aumentado notable-
mente los costos

La encuesta socioccono mica a ni-
vel familiar ficne una 1 portancia
decisiva para todo ¢l estucin, por lo
que s¢ deberia decidir vy stablecer
oporfunamente una definie ' deta-
llada de las variables que h brdn dc
utihizarse en ¢l provecto Fn la en-
cucsfa  socioccondmica  habria que
incluir a todas Tas fanulias escogidas
para los estuchos antropométricos, ya
que, en los paises en que o no exis-
ten datos censuales o éstos no son
hidedignos, ¢l cardcter representativo
de los datos socioecondmicos es de
importancia vital para el provecto

Los estudios descriptivos de  a
vida comunitaria han demostiado ser
imstrumientos utiles para distinguir
los problemas de diferentes regionces
¢ 1dentificar las medidas pertinentes
para resohverlos

Los estudios de observacion de los
perfiles de lamilias tipicas quc no

estdn inclmidos en este estudro, junto
con las descripciones de la comuni-
dad. habrian aclarado la naturaleza
dcl problema Estos estudios y des-
cripciones scran Utiles en el futuro
para mcjorar el proceso de rdentifi-
cacidn de las medidas pertinentes
para tipos especificos de familias, asi
como Ja respucsta potencial a las
infervenciones De hecho, los perfiles
fanuhares son esenciales en un sis-
tcma de clasificacion funcional, ya
que, junto con las descripciones de

- las comunidades. ayudan a dar una

respucsta a preguntas como las st-
guientes:

~- Como ha de camblar la sitva-
cién financicra familiar para que
disminuya sensiblemente su ries-
go de malnutricion?

«De qgué mancra podrian cam-
brarse los hdbitos alimentarios
de una familia con ob,cto de re-
ducir su riesgo de malnutricién?
«Mcdiante qué formas de activi-
dad socual se podrian obtener los
cambios necesarios?

(Hasla qué punto podria resol-
veise de csle modo el problema
general?



ORDIN SUCLSIVO DE LAS A HIVIDADES

L una serie G complicada de esta.
dios, es necesatio planificar y dividir
cuidadosamente cada lase, ¥ evaluar
pericdicamente las actividades., in
Ia Figura 2 s¢ resume grilicamente
un orden (earico de clapas para cla-
borar la clasificacion funcional.

Una clasilicacion funcional puede
utilizarse para inducir a los poderes
publicos a asignar recursos. pero
debe ir precedida de decisiones poli-
licas y de la asignacion dc recursos
para combatir la malnutricion. De
no ser asi. la claboracién de la clasi-
ficacion pucde resultar simplemenice
un cjercicio académico. _

L.a scegunda ctapa consisle en csla-
blecer un grupo que se encargue di-
tectamente del proyecto, Lo idenl
seria que cn el grupo participaran
qquicnes hubicran de-utilizar los datos
recogidos.

La fercera clapa consisfe ¢n un
cxamen amplio de los datos relativos
a preparacion de planes de alimenta-
cion ¥ nutricidn, asi como los datos
cobre Tas caracleristicas geogriificas,
demovrificas. sociales.  ccondmicas,
agricolas vy de otro Lipo del pais,
[ as decisiones sobie ¢l grado de
desgline descable de Tos dalos para
lines pricticos deberian adoptarse ¢n
las fases iniciales del provectio Los
lichcros de datos. al nivel escogido,
se establecerian inmedialamente.

La cuarta elapa. decisiva para todo
¢l procesa, consiste en una seric de
visitas en tado ¢l pais para obtener
un conocimicnto intuitiva de la na-
tutaleza del problema. Tales visilas
deherian incluir conversaciones  oft-
closas con un grupo represenfalivo
de residentes locales sobie los pro-
blemas yue cllos consideran como
mds apremianies. s tambiin valiosa
la obscrvacion direcla de las aclivi-
dades relacionadas con 1a produc-
cion. claboracion vy preparacidn de
los alimentos,

[Zstas visitas sirven de gran ayuda
para preparar ¢l equipo mecinico de
recogida de datos v prever posibles
problemas cn los procedimicentos de
toma de muestras,

La quinta elapa consiste en dividir
el pais en regiones convenicntes. [
prupo deberd examinar los pros y
contras de utilizar las divisiones 1e-
pioniles actuales del pais o de esia-
blecer otras nucvas. Cualquicra que
sea la decision final, deberin defi-
nirse evplicitamente los limites ad-
ministrativos de cada region,

[ o sexta clapia consiste ens la ci-
racterizacion de regiones v subregio-
nes en [érmino  socioccondmicos ge-
nerales. Lsto debe realizarse leniendo
en cuenfa todos los datos recogidos
hasta ¢l momento por el proycclo,
niis ¢l maderial censal. En esle pun-
to, ¢s esencial examinar los fichecros
de datos censiules con cxperlos cn
estadistica y programadorcs de com-
putadoras, ya Jue. por cjcmplo, la
reunificacién o Jcsglosc de los dalos.
y su translercrcia a un sistema de
compuladora d.lcrente, y el anilisis
subsiguicnfe pueden resultar muy
caros. Tales exdmenes deberdn asc.
gurar quc la scric de dalos duc sc

obtenga sca lo suficientemente flexi-.

ble para los distintos andlisis subsi-
guientes.  La  comprobacion de  la
homogencidad de las regiones por
ariables sociocconémicas puéde dar
lugar a una nueva valorizacion del
desglose regional inicial. El levanta-
micntlo grifico de estas variables in-
dicard si Ia division rcgional inicial
cs v no adecuada.

Asi. las regicnes que disponen de
datas demogralicos servirdn de bases
(e muestreo pira la evaluacion dcel
ostindo nutricional, las caracteristicas
socioccondamicas de las familias, los
estudios descrip ivos v cualguier otra
informacion pertinenle que haya de
reunirsc.

Una vez que sc hayan esfablecido

Clascs de dalos

Censo agropecinri

LI N e

Division reqiony’ actual

1. Pablacion, vivicyla y censos
agiopecuanios
2. Encucsia socioccnnomica
3 Dcscripzion de I1a comnunidad
f. Locuesles socioecondmicas sobre
la fanulip
2 Cernsd do la pnl acion
3  Uslwdio de la familia
L]
1 lslindhins descrgptivns de [a vida de Ja
comunclad y dn la fonnha tipica

2 L[ncueslas socior conomicas
J  Informacion denivada del tenso

Figura 3.
funcional

Division adininisiratng de! pais -

Clascs de datos para diversas

las hases del muestreo, se puede pro.
ceder a la séptima clapa. la de las
cvaluaciones nulricionales 'y socio-
ceondmicas. Los cinogralos deberian
participar cn los cquipos de estudios
antropométricos de campo que visilan
a las comunidades, para comenzar
a identificar. cn regiones y subre-
piones. las comunidades auc salis-
facen los requisitos para los cstudios
descriptivos sobre la vida comuni-
taria y los perfiles familiares Estas
visilas proporcionardn tambicén a los
clndgrafos una cxcclenic oporfuni-
dad- para oblencr informecidén ecnc-
ral sobre las regiones cn su conjunto,
y cmpczar a rccoger notas sobre la

~vida comunitaria.

~ Como octava ctapa. y onles de co-
menzar los estudios descriptivos a
nivel comunitario, convicne hacer un
primer. intento de andlisis de ‘datos.
Habria que comenzar identificando
calcgorias de poblacién por rerion,
su tamano, [recuencia de los proble-
mas de malnutricion y sanilarios,
factores asociados, clc. Ello servird
dc oricntacion para scleccionar los
tipos de Tamilias que han de incluirse
¢n los estudios de perfiles. y centrard
cslos dltimos en problemas especifi-
cos de categorias diversas de  po-
hlacion. No aobstante. ¢l ctndgraflo
deberd tener cuidado de gue estos
andlisis preliminares no influyan en
sus obscrvaciones:

Etapas

Division reminnal del pais

Cararicristicas generales de
las rcyiones

Nclinicinn de 1as caleqorias de la
poblacitn, y lammann de las mismas

Individuarion y seleccion de programas
para posibtes bencliclarlos

etapas de los métodos de clasificacion
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Como novena clapa segwrin las
deseripciones de comunidades y los
perlifes familiares. |

La décima ctapa consisie en clasi-
licar las catcgorias de poblacion por
rcgioncs y subregiones. calculando
su magnifud ¢ identificando y cva-
luando posibles programas.

Por ultimo, las intcrvencioncs se-
leccionadas pucden integrarsc cn un
plan gencral de  « alimentacion vy
nulricion ». « reducciéon de la po-

breza ». « mejoramiento de las condi- .

cioncs de vida », « dcsarrollo rural
o cualquicr ofro titulo convenicente.

La aportacion potencial de las di-
ferentes fuentes de datos cn la labor
de infegracion sc ilustra, a modo dc
cjcmplo, cn la Figura 3.

Conclusion

El cstudio realizado en El Salvador
confirma la prcocupacién inicial de
los autorcs sobre las dificultades que
plantca la identificacion de calego-
rias dc grupos que viven cn situa-
cion «le penuria en una poblacidn.
No obstante. basandose en este estu-
dio v otros trabajos de Valverde
et al. (1977) v Rawson v Valverde
(1676). los autores estiman gue pue-
den superarse los problemas metodo-
logicos que plantea la adopcién de
un sisterma de clasificacion Tuncional.

La claboracion de una clasifica-
cidn funcional permite comprender
nicjor las causas dc la malnutricién,
pero no sirve necesariamentc para
concebir programas nucvos v mila-
crosos,  materialmente  distintos de
los gue suelen realizarse en los paises
“en desarrollo. Por consiguienfe. no
hay qué esperar quc con. cste mg-
todo van a obtenerse nucvas res-
pucstas deflinitivas o globales. Siem-
pre serd pecesario examinar constan-
(cmenfe los resultados v anilisis con

los planificadores y administradores.

Un sistema de clasificacién fun-
cional no solo es valioso por el tipo
de informacidn gque proporciona para
la cluboracién de programas. sino
ambi¢n porque. durante su clabora-
cion, plantea cuestiones  fundamen-
tales sobre ¢l proceso de desarrollo
del pais. ¥y mucstra como  cicrtos
programas no concebidos principal-
mente para reducir la malnutricién
pucden contribuir considerablemente
al mejoramicnto de la nutricién, Un
cxamen de los programas a la luz
de la clasificacion funcional, v la
scleccién final de las mcjores alter-
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nativas probablemente darian lugar a
la cvaluacién de la viabilidad poli-
tica v cconomica de las mcdidas
propucstas. '
Las actividades llevadas a cabo en
[l Salvador cuesfan. aproximada-
mente, 100000 dolares EE.UU. En
olro pais dc cxlension parccida. los
costos de una labor de cste tipo po-
drian rcducirsc notablemente. Actual-

~menlc no cs posible estimar cl costo

de las actividades poslcriores a esta
primera fasc. Es cvidente que, para
determinar cl valor real dc la clasi-
ficacién funcional, habri que com-
parar los costos y los resultados con
los métodos tradicionales dc evalua-
cién dcl cslado nutricional.

Se construvéen carreteras en El Salvador
Intervencion en el desarrollo rural

La expericncid adguinida cn El
Salvador demuestra también que los
castos marginales extraordinarios que
supone cstudiar la estructura com-
plcta cn vez de centrar las activi-
dades de reunion de datos cn cale-
gorias criticas de familias malnutri-

das. son pequenos sisec comparan

con ¢l costo total necesario  para
cstablecer ¢l mecanismo de cvalua-
cion. Ademds. si s inlentla  scria-
mente definir con claridad el pro-
blema dc 1a nutricién. ¢l proceso de
claboracion de una clasificacién fun-
cional deberd considerarse. entonces.,
como un proceso constanle y no
como una actividad que sc realiza
una vcz para sicmpre.

[.as principales conclusiones dc
csle proyecto se han comunicado al
Gobicrno de El Salvador. Actual-
mente, ¢l Ministerio de Planificacion
csta determinando la politica alimen-
taria v nutricional nacional del pais.
Tcnicndo en cucnta la politica na-
cional, se delerminarin las activi-
dadcs especificas que habrin dc in-
cluirse en el Plan de Alimentacion y
Nutricion. El Ministerio de Planifi-
cacion esta utilizando los datos del
proyecto para determinar el tipo y
la siluacién geografica de los pro-
gramas qus habrdn de emprendcrse.
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Blood-Selenium Levels and In Vitro
Red Blood Cell Uptake of

“Se in Kwashiorkor™
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HE STUDIES OF SCHWARZ and his co-
workers (1, 2) have shown that szlenium
effectively prevents the development of
dietary liver necrosis in the rat whil
Scott et al. (5) have shown it 1o
fective in preventing exudative
the chick. In addition, white
ease in sheep (4) and hepatosis
the pig have been reported to
treatment with selenium (3, 6).
Against this background of demon-
strated essentiality in animals little is known
about selenium metabolism in m- hu-nr—.n.
The only report dealing with the possible
involvement of selenium in h‘;mun nu-
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r.:';';:fon is that of Schwarz (7, §). He re-
poried that two children with kwashiorkor,
2 had failed to respond to the usual
Ci e..—.;} treatment, were stimulated to grow
by the administration of selenium. The
velidi n of his mterpretanon of the data
Leen questioned (9), however, and
Zu=iher reports have not appeared. With
cairoversial report in mind and be-

Aajaj et al. (10, 11) have reported
a viiznin E-responsive macrocytic anemia
to occur in some children with kwashior-
kor, it wzs considered relevant to at-
tempt to measure selenium nutriture in
children with this disease. Accordingly,
this report records selenium blood levels
1 bc in vitro uptake by red blood cells
in well-nourished children and in
n with kwashiorkor.
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th f'l
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MATERIALS AND METHODS

These studies were performed both at the
Institute of Nutrition of Central America and
Panzma (Guatemala City) and in the Division
of Nutrition of Vanderbilt University School of
Medicine, Nashville, Tennessee. The adaptation
to blood of the fluorometric procedure for
selenium determination and the developmen
of the “Se-uptake techniques were camried out
in Neashville. The patients with kwashiorkor
were studied at INCAP during the summers of
165 2nd 139066. In 1963, all analyses were per-
formed at INCAP, but in 1966 blood samples
were transported to Nashville for selenium de-
iermination and for determination of radioac-
YIS
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Determinution of Blood-Selenium Levels

Because the measurement of selenium in
blood is not a common laboratory determina-
tion, it seemed desirable to record here our
procedure in detail. The method, except for
some minor details, is similar to that described
by Cummins et al. (12) except that measurement
of the final product is fluorometric rather than
colorimetric.

Principle

The samples are digested in a mixture of
sulfuric acid, perchloric acid, and sodium
molybdate. After pH adjustment and other
manipulations designed to reduce excess oxi-
dative reagent and mask interfering ions, the
selenium is complexed with diaminobenzidine
(DAB). The resulting piazselenol is then ex-
tracted into toluene and measured fluorometri-
cally.

Apparatus

Both an Aminco-Bowman spectrophotofluo-
rometer (1 cm light path, square cuvette) and a
Turner model 11 photofluorometer (7.5 x 100
mm round cuvettes) were used. The former is
to be preferred because of its somewhat greater
sensitivitv. An electric micro-Kjeldahl rack and
100 ml Kjeldahl flasks were used for the diges-
tions. A Corning model 7 pH meter was em-
ploved where required. Separatory funnels (125
ml) with ungreased glass stopcocks were used for
the toluene-extraction step.

Reagents

I) Selenium standard: SeO, was dried over-
night at 102 C. It was dissolved in water
to give a concentration of 0.2 ug Se/ml so-
lution.

2) Digestion mixture: 10 g of sodium molyb-
date were dissolved in 150 ml of water and
150 ml of sulfuric acid were carefully
added. Then 200 ml of perchloric acid (70—
72%) were added.

3) Glass beads: boiled in digestion mixture
previously te remove contaminants.

4) Metacresol purple: 0.1% in 0.0026 N NaOH.

5) Saturated NaOH.

6) Formic acid (90%).

7) Hydroxylamine hydrochloride (40% solu-
tion).

Burk et al.

8) EDTA (disodium salt) 0.2 .

9) DAB: 0.5% aqueous solution of 3, 3dia-
minobenzidene tetrahydrochloride. The
commercial compound should be recrystal-
lized twice by dissolving it in the least
amount of water possible and adding 4 ~
HCL A 0.5% solution was prepared fresh
daily using the recrystallized compound
about 10 min before use.

10) Concentrated ammonium hydroxide.

11) Toluene (spectrograde).

12) Distilled deionized water (laboratory dis-
tilled water was passed through a Crystalab
Deeminizer (Col-Parmer Instrument and
Equipment Co., Chicago, Illinois}).

Procedure

One milliliter of whole blood, plasma, or red
blood cells is placed into a2 100-ml Kjeldahl flask
containing two glass beads. Five milliliters of
the digestion mixture are added and the solution
is digested until it becomes clear and there are
no traces of solid material upon close examina-
tion. Digestion is usually completed in 15 min.
The flask and its contents are allowed to cool
and the contents are then transferred to a
250-ml beaker. Quantitative transfer is insured
by rinsing the flask with 10 ml of water. Two
drops of metacresol -purple are added to the
solution and it is neutralized with saturated
NaOH (yellow to blue or purple color). Ap-
proximately 4 ml of NaOH are required. The
PH of the solution is then adjusted to 2.2 with
90% formic acid (Corning pH meter). Approxi-
mately 1.0 ml of formic acid is required. Four
milliliters of hydroxylamine hydrochloride are
added to reduce excess oxidative reagent, and
4.0 ml of 0.2 a1 EDTA are added to mask inter-
fering ions such as iron, copper and vanadium
which also complex with DAB. The pH is read-
justed, if necessary, to 2-2.4 with NHOH or
formic acid.

Two milliliters of 0.5% DAB are added. The
solution js mixed gently and the reaction is
permitted to proceed in the dark at room tem-
perature for 45 min. The reaction is stopped by
adjusting the pH to 7.0 with NH,OH, using
the pH meter.

The solution is made up to 40 ml and poured
into a 125-ml separatory funnel. Three milli-
liters of toluene are added and the mixture is
shaken vigorously for 1 min. The layers are
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permitted to separate and the aqueous (lower)
layer is discarded. The toluene extract is then
wransferred to an appropriate cuvette for read-
ing. Samples were activated at 450 my and read
at 580 my in the Aminco-Bowman spectro-
photofluorometer. When the Turner photofluo-
rometer was used, filters 47B and 23A were
employed as primary and secondary filters respec-
tively. Blanks and standards (preferably in
duplicate) should be included in each run.
Under our conditions the standard curve was
linear up to at least 0.5 ug of selenium.

Comments

Samples were analyzed in duplicate. Dupli-
cate normal blood samples from one of us (RB)
were included in every batch of samples run in
Nashville as a check on the validity of the run.
It was found that extreme care was necessary 10
prevent contamination. Because early erratic
results were traced to dirty glassware, a cleaning
procedure was initated involving detergent
washing followed by soaking in 50% nitric acid.
The glassware was then rinsed with deionized
water and dried in an oven. Difierent batches
of commercial DAB showed variable blanks.
These could be reduced by recrystallizing the
DAB twice with 4 x HCl. One Latch contained
a yellow fluorescent material which a2ppeared
to be similar to that obtained in the selenium
DAB coupling reaction. This batch was not
improved by recrys:allization. Similar problems
with this reagent have been reported by Chris-
tian et al. (13).

Procedure for Determination of Red Cell
“Se Uptake Principle

This procedure is patterned afiter that de-
scribed by Wright and Bell (14). Whole blood
anticoagulated with heparin is shzken with
“S¢0, at 37 C under 2n atmosphere of O.-CO,
(95%-5%). The red blood cells are then sepa-
rated by centrifugation, washed with 0.85%
NaCl solution and their radicactivity deter-
mined. The *Se uptake is expressed as the
percentage of the total counts found in the red
blood cells.

Apparatus

A Dubnofi-type reciprocating shaker and
10-ml Erlenmeyer flasks with one-heled rubber
stoppers provided with a short glass rod to plug
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the hole are used for the incubation. The
0,-CO, mixture is introduced into these flasks
through an 18-gauge needle.

Reagents

1) 0.85% NaCl solution.

2} 0.16 ug Se/ml in 0.85% NaCl solution:
The Se is in the form of Na,"SeQO,. The

samples used in our laboratory had, on arrival,

a specific activity of about 0.5 uc/ug.

Procedure

Two milliliters of heparin-anticoagulated
whole blood are pipeited into 2 10-ml Erlen-
meyer flask. One-tenth milliliter of the ®Se solu-
tion is added, the O,CO, atmosphere is intro-
duced through the hole in the rubber stopper
(%15 sec) and the glass rod is quickly inserted
to seal the fiask. The flask is placed in the met-
abolic shaker (37 C) and the slow shaking is
commenced. More O,-CO, mixture is introduced
at 1 and 2 hr. At the end of 3 hr the flask is
placed in an ice-water mixture to inhibit further
uptake, and a small sample of blood is removed
for a microhematocrit determination. A meas-
ured amount of the remaining blood is re-
moved, placed into a counting tube, and centri-
fuged. An aliquot of plasma is removed 1o
another counting tube for the measurement of
its radioactivity. The red cells are washed twice
with 0.85% saline and counted. The radioac-
tivity of the plasma and red blood cells is cor-
recied to 2 hematocrit of 40, and the red blood
cell ™Se uptake is expressed as the percentage
of the total number of counts in the red cell
counting tube.

#Se uptake (5) =

cpm red cell counting tube {correctied) X 100

cpm plasma counting tube (corrected)
~- ¢pm red cell counting tube (corrected)

Variations in this procedure will be discussed
under RESULTS.

Other Procedures

Serum-vitamin E levels were determined by
the micromethod of Quaife et al. (15). Hemo-
globin values were measured by the cyanmet-
hemoglobin procedure (16) and hematocrits
were obtained by a micoprocedure. Total-
serum proteins were determined using a re-
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fractometric procedure (17). Red cells were
separated into old and young cells as {ollows:
Washed cells suspended in 0.85% saline solu-
tion to 2 hematocrit of about 80% were centri-
fuged in a Wintrobe tube for 45 min at 10,000
X gravity. Equal volumes of red cells were
taken from the top and bottom of the cell col-
umn in the Wintrobe tube. These were washed
into counting tubes and counted.

RESULTS

Blood-selenium levels were obtained on
10 well-nourished healthy adults and in
two children. These values, which we
consider to define the “normal” range, are
seen in Table 1. The mean value was
0.22 pg/ml with a standard deviation of
0.02. Samples from persons who resided
in four geographical areas were analyzed
but no location effect was detecied. A
whole blood sample from one of us (RB)
was included in each group of samples
analyzed in Nashville, The mean of 12
such determinations was 0.20 pg/ml with
a standard deviation of 0.015.

TABLE 1
Blood-Selenium Content in Healthy Adults

Subject | Age | Sex Location® (‘J‘;l;a:le‘::alz:lfnsxf
RB? 23 | M | Guatemala- 0.20
Tennessce
MAB 18 | F | Mississippi 0.21
ADB 30 | F | Mississippi 0.25
JDB 16 | M | Mississippi 0.23
JO 435 | M | Virginia 0.21
DO Z£11 | M | Virginia 0.22
BB 23 | M | Guatemala 0.28
RW 29 | M | Guatemala 0.22
JA 23 | M | Tennessee 0.19
Mc £50 | M | Tennessee 0.20
RM 9 | M | Guatemala 0.22
JB 22 | M | Tennessee 0.20
Mean = 0.22
pg/ml
sp = 0.02

¢ Principal residence at time of blood collection.

b NMany analyses were performed on the subject
both in Guatemala and in Nashville. There was no
discernible difference in the levels obtained.
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About two-thirds of the selenium in
blood is contained in the red blood cells
and one-third appears in the plasma. When
the contents of these two blood fractions
are adjusted for hematocrit and added
together they usually approximate closely
the value obtained on an equivalent
quantity of whole blood.

The initial studies of kwashiorkor pa-
tients were carried out in Guatemala dur-
ing the summer of 1965. The 12 children
who were selected for the study fell into
two groups. Six had recovered clinically
from kwashiorkor and had been residents
of the ward for up to 1 year at the time
of the study. These were considered to be
“controls.” In the other group, there were
four newly admitted kwashiorkor cases
who had received no treatment prior to
the time the blood sample was drawn and
two patients with kwashiorkor who had
been under treatment (special diets, elec-
trolytes, antibiotics, etc.) for 214-3 months
prior to the blood sampling.

The blood-selenium levels in the two
groups of children with kwashiorkor are
seen in Table n. The children with un-
treated kwashiorkor (PC-162, PC-163, Se-
10, and PC-165) had whole blood-selenium
levels that were less than half of those ob-
served in the adult controls (Table 1) and
lower than those observed in the children
who had recovered from kwashiorkor.
Although the latter group had blood-
selenium levels that were higher than
those observed i1n the untreated infants,
they were lower than those recorded in the
adult controls. The two children (PC-159,
PC-160) who had been under short-term
treatment for kwashiorkor (214-3 months)
had whole blood-selenium levels similar to
those found in the untreated patients. Of
the 12 children studied, two were clearly
anemic (Se-10, PC-165) but no attempt
was made to characterize the anemia. All
of the patients with untreated kwashior-
kor were hypoproteinemic.

Serum-tocopherol levels in the untreated
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TaBLE 11
Blood-Selenium Levels in Guatemalan Children (1965)*
Se Content
s Hb, g/100 TPP, g/100 | Vitamin E
Subject Age, E % Hct '
e g6 yEATR % = mf mg/mo:nf b“l'g:ée Plasma, | Red blood |Plasma pro-{ Hemoglo-
pag/mi | #8/ml [cells, ug/mif tein, ug/g | bin, ug/g
‘Recovered From Kwashiorkor (““controls®)
PC-147 3 13.6 39 6.9 0.71 0.12{ 0.07 0.16 1.08 0.43
PC-148 3 . 36 7.3 0.58 0.1510.12 0.31 .59 0.52
PC-152 3 13.2 37 7.5 1.10 0.14] 0.10 0.21 1.31 0.53
PC-151 3 15. 42 6.4 0.46 0.13] 0.07 0.18 1.41 0.44
PC-154 3 13.3 39 7.1 0.83 0.15] 0.12 0.26 1.69 0.53
PC-156 3 13.2 38 7.0 1.43 0.14] 0.13 0.23 1.89 0.61
Mean 13.7 . 7.0 0.14% 0.10 0.23 1.50 0.51
SD 1.0 0.4 0.01] 0.02 0.05 0.29 0.07
Kuwashiorkor Untrealed or under Treaiment
PC-162 2 12.0 34 7.0 0.21 0.07 | 0.06 0.09 1.47 0.2%
PC-163 2 12.2 37 3.7 0.37 0.09 :
Se-10 1 8.7 27 4.2 0.80 0.09] 0.05 0.08 1.24 0.22
PC-165 3 10.5 32 4.2 0.32 0.06
PC-159 2 12.3 36 6.8 2.64 0.06 0.10 0.28
PC-160 8 12.3 34 8.1 0.78 0.10
Mean 11.3 5.2 0.08®
SD 1.5 1.8 0.02
TPP = total plasma protein.
@ Each selenium value represents the mean of a single duplicate determination.
b § versus b significantly different P < 0.001.
patients were similar to those reported by
Scrimshaw et al. (18) and Majaj et al. .|
(10). Patient PC-159 had received vita- £ | .ie
min E supplementation which accounts for § ozp Fetiey  PETRR_ Pemer o pooes
his elevated serum-vitamin E level. .
In a few instances, more than one & °'[
blood value was obtained on the same * Lzo we | honpofiess] fesiare} | freny | ez fisssfsen
child. Two values were recorded for three
Fic. 1. Whole blood-selenium levels in five

children and three values were recorded
for two children. These data are presented
in Fig. 1. In every instance, the blood-sele-
nium levels, initially low, were found to
reach normal levels after treatment. It
should be emphasized that no selenium sup-
plements were given in any of these studies.
Subject PC-159, for example, had a blood-Se
level of only 0.06 ug/ml after treatment for
93 days. Fifty days later, his blood-selenium
level had risen to 0.13 pg/ml and a “nor-

kwashiorkor patients at various times after admis.
sion to the metabolic ward. Numbers in parentheses
indicate day of residence on ward when blood sam-
ple was taken.

mal” level (0.19 ug) was recorded on the
446th day of his residency on the ward.
This child consumed a casein-based, me-
thionine-supplemented diet during his first
60 days on the metabolic ward, which con-
tained by analysis only 0.05 ug Se/g. After
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this dietary regime, various diets of other
composition were fed, but the approximate
selenium content of only one of these is
known. This was the so-called *‘soya” diet
which was found to contain 0.25-0.32 ng/
g. This diet was fed for a 3-day period
about 10 days prior to obtaining the second
blood specimen (day 143) and for almost
2 months thereafter.

Subject PC-160, whose blood selenium
level was 0.10 pg/ml after 83 days on the
ward, consumed the casein-methionine diet
for 10 days of this period and a whole
milk diet thereafter. A variety of diets was

Burk et al.

consumed thereafter and he was found to
have a “normal” blood level of selenium
12 months later.

Subject PC-148 received a variety of diets
during his first 120 days on the ward but
the casein diet was not included. After
determination of the first blood-selenium
level, he received the “soya” diet during
12 of the next 60 days including the 9
days just prior to his second blood anal-
ysis.

Subject PC-162 received a variety of
diets during his 1st year of residency on
the ward and prior to his second blood

TABLE 11
Blood-Selenium Levels in Guatemalan Children (1966)

Se Content
. Age, Hb, TPP, -
Subject . % Hct
ubjec years £/100 ml c Hic £/100 ml \‘-}1'3:31‘ Plasma, | Red blood [Plasma pro-| Hemoglo-
pg/ml sg/ml  |[cells, ug/ml| tein, ug/g | bin, xg/g
Controls
K-10 7 (18)e 12.4 38 5.8 0.33 0.23 0.56 3.97 1.53
K-11 7 (45) 9.7 34 8.4 0.28 0.20 0.46 2.86 1.44
K-12 3 (21) 9.8 32 8.6 0.21 0.22 0.41 2.56 1.22
K-13 8 (49) 10.4 33 7.0 0.14 0.09 0.13 1.27 0.26
K-.16 9 (104) 14.0 44 7.8 0.24 0.13 0.37 1.62 1.07
PC-159 | 3 (#46) 14.0 38 7.8 0.24 0.13 0.37 1.25 0.98
PC-160 | 6 (436) 12.8 36 7.7 0.20 0.11 0.30 1.43 0.78
PC-162 | 3 (361) 13.5 38 7.3 0.19 0.12 0.31 1.64 0.82
PC-165 | 6 (341) 14.8 42 7.6 0.20 0.12 0.32 1.58 0.81
Mean 12.3 7.5 0.23 0.15 0.36 2.02 0.99
5D 1.9 0.8 0.05 0.05 0.12 0.92 0.39
Kwashiorkor Paiients

K-1 3 (3) 9.0 29 3.6 0.07 0.06 0.19 1.67 0.56
K-2 9 (7) 7.0 22 5.0 0.09 0.05 0.20 1.00 0.57
K-3 6 (9 9.7 28 5.9 0.08 0.08 0.19 1.36 0.52
K4 4 (4) 11.7 36 4.2 0.12 0.05 0.21 1.19 0.59
K.-6 7 () 11.9 35 3.1 0.12 0.06 0.22 1.93 0.59
K-8 12 (1) 5.6 21 3.4 0.08 0.06 0.26 1.77 0.89
K-9 6 (9) 10.3 33 5.9 0.24 0.15 0.57 2.54 1.62
K-14 8 (2) 11.6 35 4.5 0.09 0.04 0.13 0.89 0.26
K-15 3 2) 9.0 29 5.0 0.13 0.06 0.35 1.20 1.00
Mean 9.5 4.5 0.11 0.07 0.26 1.51 0.74
sD 2.2 1.0 0.05 0.03 0.13 0.52 0.40
IP < 0.01 iP < 0.01 NS NS NS

¢ Numbers in parentheses indicate the number of days in the hospital prior to drawing blood for this

analysis.
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* analysis. Subject PC-165 was fed the casein-
methionine diet from admission until a
second blood-selenium level was deter-
mined 36 days later. He consumed a
variety of diets thereafter:

In the summer of 1966, nine children
with kwashiorkor were studied at Guate-
mala General Hospital. These children
gave a clinical impression of that disease
and all had decreased plasma-protein levels
as seen in Table m. The controls were
children from the same hospital who, al-
though hospital patients, were not con-
sidered to be malnourished. A few sub-
jects from the metabolic ward at INCAP
who had completely recovered from kwa-
shiorkor were also included in the control
group. These children had been residents
of the metabolic unit for periods of time
ranging from 11 to 15 months.

The blood-selenium levels in the kwa-
shiorkor and control groups are shown in
Table nr. One patient with kwashiorkor
(K-9) had a normal blood-selenium value
and one control patient (K-I13) had a low
blood-selenium value. In spite of this, all
mean selenium parameters were lower in
the children with kwashiorkor than in the
controls but only the differences in the
selenium content of whole blood and of
plasma reached statistical significance. The
levels obtained in the kwashiorkor pa-
tients resembled those found in untreated
patients in the first study. The Dblood-
selenium levels in the control children
were similar to those found in healthy
adults (Table 1).

Measurements of red bilood cell Se
uptakes were carried out in these subjects
by the technique described previously.
Only 3-hr uptakes were determined. Pre-
liminary studies using control blood re-
vealed a curvilinear uptake of selenium
with time when the incubation was carried
out under an atmosphere of O,-CO, (95%-
59¢). Considerably less uptake was observed
if air or nitrogen atmospheres were nsed
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‘TABLE 1V

Red Blood Cell-755e Uptakes in Kwashiorkor
and Control Patients

Whole
. Age. Hb, TPP, Blood-Se Per Cent
Subject years |g/100 ml|g/100 ml 'I:gelx:lll. U;'ts:ke
Patzents with Kwashiorkor

K-1 3 9.0 3.6 0.07 | 22.1
K-2 8 7.0 5.0 0.09 | 24.6
K-3 6 9.7 5.9 0.08 | 19.4
K-4 3 11.7 4.2 0.12 | 27.8
K-6 7 11.9 3.1 0.12 | 21.4
K-8 12 5.6 3.4 0.08 | 23.2
K-9 6 10.3 5.9 0.24 ]| 15.8
K-14 8 11.6 4.5 0.09 | 18.2
K-15 3 9.0 5.0 0.13 18.9
Mean 9.5 4.5 0.11 21.3

$D 2.2 1.0 0.05 3.7

Conirols

K-10 7 12.4 5.8 0.33 | 14.6
K-11 7 9.7 8.4 0.28 13.0
K-12 3 9.8 8.6 0.21 17.0
K-13 8 10.4 7.0 0.14 | 13.0
K-16 8 14.0 7.8 0.24 | 13.2
PC-159 3 13.3 7.2 0.19 7.6
PC-160 6 12.8 7.7 0.20 | 11.8
PC-162 3 13.5 7.3 0.19 12.4
PC-165 6 14.8 7.6 0.20 | 11.6
Mean | 12.3 7.5 0.23 | 12.7

SD 1.9 0.8 0.05 2.5

suggesting that selenium uptake is, at least
in part, an active process.

These uptakes in nine subjects with
kwashiorkor and in the nine control sub-
jects are seen in Table 1v. In 3 hr, the
red blood cells from control subjects took
up 12.7% of the total added radioactivity
while the red blood cells from the kwa-
shiorkor patients took up 21.3%. The
difference is highly significant (P < 0.01).

Because the kwashiorkor patients had
low plasma-protein levels (4.5 g/100 ml)
when compared to the controls, it seemed
possible that some of the Se might com-
plex with plasma proteins in the whole
blood incubation system. This might re-
duce the amount of selenite ion available
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for uptake by the red cells and explain why
kwashiorkor patients would show higher
red blood cell ?5Se uptakes.

This possibility was examined in the
following fashion. Radioactive selenite
(3.4 muc) was added to 4 ml of normal
plasma and the mixture was incubated
under an O,CO, atmosphere for 8 hr. Then,
a 2-ml aliquot of the sample was placed
on a column of Sephadex G-200 (1.6 am
x 30 cm) and the plasma proteins were
eluted with tris buffer (pH-7.7). The
Sephadex G-200 was employed because it
best separates proteins of different size,
and it was of interest to determine whether
785e042— was associated with plasma globu-
lin which is usually normal in kwashiorkor
or with plasma albumin which is de-
creased in kwashiorkor. The protein con-
tent of the 2.ml fractions collected was
determined by measuring their optical den-
sities at 280 mp in a2 Beckman DB spectro-
photometer and the location of the Se
was determined by measuring the radio-
activity of each tube in well-type scintilla-
tion counter. The elution pattern obtained
is seen in Fig. 2. It is readily apparent
that the bulk of the protein comes off
the column before the largest 75Se peak.
Only very small "Se peaks are associated
with the large OD peak. The small OD
peak occurring at fraction 24 (which coin-
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Fic. 2. Fractionation of plasma 4 ™SeO,* on a
Sephadex G-200 column. Fraction size = 2.0 ml.
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cddes with the large 7#Se peak) was ex-
amined for the presence of protein by the
Folin-Ciocalteu method and by paper elec-
trophoresis. Neither revealed the presence
of protein. Thus fractions 21-32 containing
84%% of the 75Se, contained no detectable
protein. The location of albumin and
globulin in the large OD peak was de-
termined by paper electrophoresis with the
following results: fraction 10, globulin
(mostly gamma); fraction 14, albumin with
a faint trace of globulin; and fraction 18,
albumin. Thus it is seen that only a small
portion of the total radioactivity be-
comes associated with the plasma protein
during the incubation procedure and that
which does is found in both the globulin
and the albumin. The possibility that the
main peak of radioactivity is selenite was
examined by a separate experiment in
which "5Se (as selenite ion) was placed on
a Sephadex column and eluted, with tris
buffer. The experiment depicted in Fig.
2 was then repeated on this same column.
The main peak of radioactivity was
found in the same position in both ex-
periments suggesting that it is either in-
organic selenite or selenite associated with
some small molecule.

The nature of the association of sele-
nium with the red blood cell was also
examined. Red cells recovered from a 75Se-
uptake experiment werz lysed and the
stroma removed by centrifugation. The
supernatant solution, the protein com-
ponent of which is almost exclusively
hemoglobin, was then subjected to Sepha-
dex chromatography under the identical
conditions used in the studies of plasma
proteins. The hemoglebin content of each
fraction was measured by absorption at
280 my in a Beckman DB spectrophotom-
eter and the radicactivity of each frac
tion was determined in a well-type scintil-
lation counter. The resuits are seen in
Fig. 3. The hemoglobin peak and radio-
activity peak coincide suggesting that the
bulk of the absurbed Se becomes at-



Selenium 1n Kwashiorkor

tached to the hemoglobin molecule. The
second small peak of radioactivity was not
associated with a protein peak and its
elution position suggests that it may be
either inorganic selenium or selenium as-
sociated with a small molecule such as
glutathione or an amino acid.

Because of the marked association of
selenium with the hemoglobin molecule it
occurred to us that reticulocytes might be
preferentially absorbing selenium and sub-
sequently incorporating it into the hemo-
globin molecule. This possibility was ex-
amined by incubating red cells with 7Se
followed by the separation of the cells into
different age groups by centnifugation
(see MeTHODS). The radioactivity of the
very young cells was found to be similar
to that of older cells so it appeared that
reticulocytes do not preferentially absorb
selenite ion.

DISCUSSION

Only limited data are available on sele-
nium distribution in blood Taussky et al
(19) using a DAB fluorometric method in
chicks, found serum levels of 0.1-02 pg/g
and red blood cell levels of 0 25-0.30 ng/g.
These values do not differ markedly from
the values reported here. Bowen and
Cawse (20) analyzed eight samples of hu-
man blood by the neutron activation tech-
nique and reported a range of values of
026-037 ug/milliliter with 2 mean of
0.32. It is not reported from whom the
samples were collected. Brune et al. (21)
used neutron-activation analysis and re-
corded a mean blood-selenium level of
012 pg/milhliter in six “normal” adult
subjects. Our “normal” figure of 022 pg/
milliliter lies precisely between these two
means. Whether these differences represent
a function of methodology or geographic
variability (England; Sweden; United
States) is not known, Neither can one
draw inferences from these data on the
comparability of the fluorometric and neu-
tron-activation methods other than that
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the reported values all lie in the same
range.

The blood-selenium levels in healthy
adults recorded in this study fell within
a fairly narrow range even though the
determinations were carried out both in
Guatemala and Nashville and the sub-
jects Inved in different locations. The dif-
ference between the selenium-bloed levels
in the 1965 controls and the 1966 controls
is probably a real one. Consistent labora-
tory error may be excluded because the
blood of RB gave similar values each year
whether analyzed in Nashville or Guate-
mala. It is possible that different selenium
intakes re responsible because the 1965
controls ..Il received semipurified diets of
one type or another during most of their
tenure in the metabolic ward. Four of the
five 1966 control children from the Guate-
mala General Hospital had blood-selenium
lIevels that were considerably higher than
those of the four controls who had re-
covered from kwashiorkor and were still
residents of the metabolic ward in INCAP.
The limited dietary information available
suggests that the blood-selenium levels
were increased more rapidly in children
who were fed the selenium-rich “soya” diet
than in children fed the selenium-poor
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casein diet. In any event, it is evident
that blood-sclenium levels are but slowly
restored during the recovery of children
from kwashiorkor {Fig. 1).

Children with Kkwashiorkor have re-
duced blood-selenium levels for two rea-
sons. In the first place, they are both ane-
mic and hypoproteinemic and accordingly
circulate reduced levels of selenium-con-
taining proteins. Secondly, their serum pro-
teins and hemoglobin contain less selenium
although this difference did not reach
statistical significance (see Table ). Al-
though it would seem reasonable that re-
duced blood-Se content is compatible with
reduced whole body stores, it is not known
whether blood selenium is truly in equi-
librium with total body stores and it would
be difficult to establish this in the human
being.

The enhanced uptake of 7Se by the red
blood cells of children with kwashiorkor
may reflect their reduced selenium con-
tent. That this occurs in experimental ani-
mals is known from the studies of Wright
and Bell (14) who showed that blood sam-
ples from sheep fed a ration low in sele-
nium took up more and more selenium as
the experiment progressed. Uptakes of
other ions by the red cells were not
changed. The selenium content of the red
blood cells was not determined but it may
be presumed that it was reduced. They
suggested that this technique might be
used as an index of selenium status and
our results tend to confirm their conclu-
sion.

The failure of Se clearly to associate
with serum protein in vitro is of interest.
McConnell et al. (22) have demonstrated
that 10 min after the subcutaneous injec-
tion of ™§eQz2— into a dog, 50-70% of
the total serum 7Se is protein “bound” as
determined by dialysis. This increases to
95% after 48 hr. This binding probably
indicates the actual incorporation of the
selenite into these proteins. ‘The trichlo-
roacetic acid precipitation of the serum

Burk et al.

proteins yielded consistently higher “pro-
tein bound” selenium values than did di-
alysis. In our laboratory the addition of
trichloroacetic acid to plasma incubated
in vitro with 75eQg42— was found to pre-
cipitate most of the radioactivity. This
does not necessarily indicate Se-protein
binding because it may be the result of
combination of the selenite with the plasma
protein in salt form when trichloroacetic
acid is added. Under our conditions of
incubation, little association of selenite
with plasma protein was observed if the
proteins were fractionated on Sephadex
columns,

The results of this study suggest that
children with kwashiorkor have reduced
stores of selenium. Whether this contrib-
utes significantly to the clinical syndrome
of this complex disease is not known and
it is apparent that further investigations
are required to determine whether a pri-
mary dietary lack or a secondary metabolic
derangement is involved. The known die-
tary requirement for this element by a
variety of species would imply that it is
indeed a required nutrient fcr man.

We are grateful to Miss Cristina Contreras and
Mrs. Elvira de Orozco, who carricd out many of
the determinations included in Other Procedures.
The enthusiastic cooperation of Dr. V. Arguetavon
Kaenel, Professor of Pediatrics at San Carlos Uni-
versity and head of the Department of Pediatrics at
the Guatemala General Hospital, made the studies
in the summer of 1966 possible. The skillful assist-
ance of Miss Martha Anne Burk with the selenium
analyses shown in Table m is gratefully acknowl-
edged.

ADDENDA

I) Aflter this manuscript had been submitted for
publication, two publications which bear on this
subject came to our attention. The first (Lancel ii:
592, 1966) reports a growth response to selenium
supplementation in three malnourished children.
In addition, three of five malnourished children
with anemia (macrocytic?) showed reticulocyte re-
sponse on trcatment with selenium. The second
publication (Clin. Chim. Acta 16: 311, 1967) records
the sclenium content of blood and human tissucs
as mcasured by radioactivation analysis. The mean
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values for whole blood reported are similar to
those recorded here.

2) Although the selenium method described here
has performed satisfactorily, problems have arisen
occasionally presumably related to the use of dif-
ferent batches of diaminobenzidine. Accordingly,
another method based on that of J. H. Watkinson
(Anal Chem. 58: 92, 1966), which uses diamino-
naphthalene as the fluorogen, 1s now in use,

1.

'_..‘1

7.

10.
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Serum levels of IgG, IgA and IgM were found to be either normal or
elevated in PCM patients, with no relation to the degree of protein-calorie
depletion, the percentage of white cells and plasmocytoid lymphocytes in
peripheral blood, or the prognosis. The IgG rose in a child developing
mumps even though his diet was only sufficient for nitrogen equilibrium.
These results still do not elucidate the discrepancy that exists between
elevated immunoglobulin fractions and the high mortality rate asso-
ciated with the presence of infection in protein-calorie malnutrition.

Serum Immunoglobulins m Edematous
Protein—Calorie Malnourished Children’

Studies in Guatemalan Children at INCAP
]ORGE ALVARADO, M.D.,** DAVID G. LUTHRINGER, M.D.%*=»

II\'CRE.—\SED susceptibility to many infec-
tions in piotein-caloiie malnourished chil-
dien is a well-known phenomenon.? 2 In turn,
these infections aie important, not only as
precipitants of kwashiorkor,»+ but also as
contributoirs to the high fatality rate in this
discase n*

The abundance of assessments of the capac-
ity of children with protein—calorie malnutri-
tion (PCM) to foom humoral antibodies, as
tested by challenge with attenuated viral and
bacterial vaccines, has given variable results.
For example, Drown and Katz 7 found no anti-
body 1esponse following yellow fever vaccine.
Impaired 1esponses to mumps vaccine and to
diphtheria tonoid have been 1eported,s.®* but
to typhoul and o1al poliomjyelitis vaccines the
se10logic 1esponses have been normal.? 10,31 Jt
should be noted that these studies were done
in coincidence with the giving of adequate
protein theiapy, and hence the responses ob-

* This work was <ponsored in part bv the National
Institutes of 11ealth of the U. S. Public Health Senvice
{(Caant No AM-00981 12 and N1IH Agicement No.
77\X5903X0008-15), and by the Woild Health Oigani-
zat10n.

es \wastant Chief, Biomedical Division. Insutute of
Nutistion of Central America and Panama (INCAP)
Guatemala C A,

ee? Formaly, Mecdical Officer of the Rimnedical
Divsion, INCAP. Piesent Address: 1801 Ese Suect.
NA L Whiington. I € 20006.
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seived may reflect the antibody-for ming capac-
ity of rapidly changing organisms during nu-
tiitional 1ecovery rather than in static malnu-
trition. In PCM the rate of synthesis of
gamima globulin does not seem to be im-
paired.’? In fact, its synthesis is greatly in-
creased when a superimposed infection 1s
p1esent, in contiast to a simultancous decrease
in the synthesis of albumin.?? Little informa-
tion is available concerning the pattern of the
other serum immunoglobulins in PCM.

The investigations here desciibed deal with
the seium immunoglobulins in protein-
caloiie malnouiished children befoie protein
1epletion was initiated. The basic question
was whether immunoglobulin deficiency
might be implicated in the high moabidity
and mortality rates associated with infection
in PCM.

Subjects

The investigations weie carried out with 25
chilchen suffering from PCM (“malnourished
gioup™) as determined by accepted clinical
charactciistics—poor dietary history, wasting,
edemn, shin and hair changes, apathy.??

The childien were patients either in
INCAP's Clinical Center ot in the Pediauics
Waid of the Guatemala Geneial Hospital
They were studied within 72 houts of ad-

1
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mission, before an adequate protein intake
was staried. In age they ranged from 1 year
and 6 months to 5 years and 11 months.
Height and wcight featuies of these children
are shown in Table 1.

The peicentage of expected weight for
height has been selected as an index of caloric
depletion, 100 per cent conesponding to the
Boston 50th percentile. The mean value of
all cases on admission was 899, =236 (1
S.D.), but if minimum weight is used (after
clinical edema has disappeared), the mean
value changes to 769, =39 (I S.D ). This last
figure was accurately obtained only in 13
children studied at INCAP’'s Clinical Center.

Twelve out of these 13 children were
studied again by strict clinical and biochemi-
cal crite1ia once their nutritional recovery
had been achieved. These children constitute
the “recovered group.”

Controls

Fourteen children semed as “control
group.” These children came fiom families of
low socioeconomic status and had the same
age distribution as the patients. These con-
trols, regular attendeis at a day-caie nursery,
were selected according to the following cri-
teria: normal growth pattern during the pre-
vious thiee months, absence of known clinical
inlection, no recent immunizations.

Methods

Venous blood samples were used for hema-
tologic studies, including peripheral blood
smears. Standard biochemical methods were
used to assess nutritional status. Total serum

protein was determincd by refractometry.s
Serum-protein electrophoresis was performed
on cellulose acetate suips. Serum for immuno-
globulin determinations was 1apidly separated
and kept {rozen until assajed by the radial
immunodiffusion technique.* Hjyland's Im-
muno-Plates and immunoglobulin standards
were utilized in this study (Hyland Labora-
tories, Los Angeles, Califo1nia).

Single determinations were done on most of
the samples. Random duplicates of the stand-
ards and samples gave a coefficient of vaiia-
tion fliom 5 to 15 per cent.

The patient’s 24-hour urinary creatinine ex-
cretion, compaied with that excieted by a
normal child of the same height, independent
of age, served as an index of piotein deple-
tion. This index indirectly reflects muscle
mass which in itself represents approxi-
mately 43 per cent of total protein mass, and
is 1eferred to as the creatinine/height index
(CHI)_IO,:T

Childien suffering fiom PCM were treated
according to our standard therapeutic regi-
mens,*® utilizing casein supplemented with
methionine as the source of protein. A level
of 07 Gm. of motein/Kg./day was provided
for a period of 7 to 10 days, and then in-
caeased gradually to 3 or 4 Gm./Kg /day.
Clinical histories were kept of recent previous
infections, and detailed pirogress 1ecords of
those that occurred during their hospitaliza-
tion. Bacteriologic studies and serum im-
munoglobulin deteiminations were performed
simultaneously in a few patients. Parasito-
logic examinatiors for ova and parasites were

TarLE 1. Climical and Biockemical Characteristics of the Malnourished, Recoiered,
and Control Cluldren Studied

¢ Expected Creatinine
Agein Weight for €¢ Height Total Scrum Height
Group Months Height for Agze Proteins Index
Malnourished 36 4 15 3¢ $§9236 8663 407 =033 034015
(251 (25) (25) (25)** (19)
Recovered 301235 IH=76 88351 1404036 096 =+ 008
112) (12) (12) (12) (12)
Controls 53=118 106 =65 92 + 23 1180064 096 =004
t14) (14 t14) 13) 113)
*Average 1S D.
** Number of cases
CLINICAL PEDIATRICS  March 1971 175
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Fic. 1. Levels of serum immunoglobulin fractions in malnourished, recovered
and control children.

made in stools collected from all patients.
Chest x-rays were taken upon admission.
After the clinical edema had disappeared
(usually 10-18 days after initiation of an ade-
quate diet) a tuberculin test was applied to
all children. None of the patients showed
evidence of granulomatous disease.

Results

Although indices of adequate protein nutri-
tion are scarce and difficult to assess, two
paraméters were selected for this purpose
(Table 2). The first parameter was the level
of total serum proteins. This was found to be
definitely depressed in the “malnourished
group” and normal in the other two groups.
The average serum albumin levels were 1.78,
4.21 and 4.06 Gm./100 ml., respectively, for
the malnourished, recovered and control
groups.

The second paramgter was the creatinine/
height index (CHI).’%*7 Normal values in

this study, as in others carried out at INCAP,'
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are always above 0.853; they usually reach 1.0
when {ull nutritional recovery is attained,
and from then onwards remain close to this
‘figure. The CHI in every one of our malnour-
ished children was below 0.70 with an average
value of 0.54.

No direct relation was found between the
CHI (creatinine/height index) and the serum
levels of immunoglobulin fractions IgG, IgA,
and Ig)l.

No significant differences were found
among the three groups—malnourished, re-
covered, control—with respect to IgG and
IgM values (Fig. 1). Five of the 25 mal-
nourished patients studied had IgM levels
above 150 mg./100 ml, including one child
(PC-210) who had 600 mg./100 ml. and was in
adequate hydration when tested.

Patients with severe diarrhea had the high.
est values of both IgM and IgA serum im-
munoglobulins.

Between the malnourished group and the
normal controls a significant statistical differ-

Yol. 10 No. 3 Y CLINICAL PEDIATRICS
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TABLE 2, Sersum Immunoglobulins in the Groups

of Children Studied
Immunoglobulins
Group I1gG IgA IgM
Malnourished 1,200 =465 203 -:98 126 = 118
(25) (25)*t (25)
Recovered 1,210 456 13087 97+ H
(12) (12)* (12)
Controls 0i7+136 83+40 64:30
(14) (19t (14)

* » < 0.03 within groups.
t # < 0001 within groups.

ence in regard to IgA levels (p < 0.001) was
observed. The differences in levels betuween
malnourished and recovered children was also
significant (p < 005). No significant differ-
ence in levels was observed between recos ered
and normal children. Figure 2 compares the
IgA ~alues for these Guatemalan childien
with values reported for healthy Scandinavian
children.*

When the children with PCM were divided
into two groups according to their age:
below or above 36 months, the mean serum
immunoglobulin fractions of the two groups
did not differ significantly. Age, therefore,

does not explain the results obtained. The
values for the 86 per cent of the normal con-
trol children in our study fall within 2 S.D. of
the mean values reported for normal Scandi-
navian children * (Fig. 2).

Three cases were studied serially (Table 3).
Throughout, patient 196 had a constant in-
crease in the IgA fraction. The last deter-
mination, done one week after a2 lactose load
test of four days duration, demonstrated lac-
tose intolerance. Patient 198 maintained high
levels of IgA throughout the first 62 days of
hospitalization and had severe dianhea dur-
ing the first week after admission even when
given a lactose- and gluten-free diet. Child
216" was studied at more frequent intervals
during the first two weeks of hospitalization;
parolitis was obvious on the fifth day, and the
IgG level rose rapidly even while dietary
protemn was given in amounts which only al-
low nittogen equilibrium. Clinically, this pa-
tient behaved as an otherwise normal child,
had high fever four days after the onset of
parotitis and developed no complications.

Three of our malnourished patients had a
fatal course. Patient 183 died as a conse-
quence of electrolyte imbalance and severe
lactic acidosis eight days after admission; pa-
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Fic 2. Serum IgA levels in protein-calonie malnouished childien and novmal Guatemalan
tontyols compared with healthy Scandinavian childien (Adapted fiom Johansson, D O. and

Berg. T © Acta Pacd Scand. 58. 572-579, 1967 )
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‘TAsLE 3. Longiludinal Sindies

" Immunoglobulins
Total
Days of Serum Serum IgG IgA IgM
Hospital Respiratory Other Protcins Albumin
Code Stay Diarrhea Infection Diseases (GmSe)y (GmS%) (mg )
Ey———— — .y e —aa———y ”
196 1 + 0 Herpes 3.3 153 320 148 i3
simplex
23 0 0 0 il 4041 1,050 122 140
65 0 + Fever 51 304 1,350 215 58
120 Lactose 0 0 69 4 60 1,175 200 41
mntolerance
198 1 +4 + 0 36 173 2,050 360 05
45 0 0 0 7.9 491 1,100 173 120
62 0 0 0 §1 536 950 280 100
216 1 ++ 0 Conjunctivius 31 132 890 171 136
3 -+ 0 Conjunctnitts 32 140 $90 160 104
3 + 0 Mumps 45 164 1450 304 180
13 0 0 0 64 317 1,530 163 166
tient 184 died without 48 hours from severe Discussion

bronchopneumonia, and patient 213 died af-
ter 12 days of hospitalization from severe gen-
eralized septicemia caused by Pseudomonas
aciuginosa. None of these fatal cases had
subnormal levels in any of the immunoglobu-
lia [ractions that weie measured.

Total white blood cell and dilferential
counts in 14 of the malnowmjshed childien,
done upon admission and simultancously with
the chemistry studies, showed no positive cor-
relations between the percentage of any of the
white cclls, including the abnormal circulat-
ing plasmocytoid lymphocytes and the three
immunoglobulin {ractions studied.

In bacteriologic investigations of those pa-
tients with severe diarithea or with suspected
generalized sepsis, Salmonella was found in
the stools of two with severe gastrointestinal
symmptoms, and Pseudomona aeruginosa grew
in culture samples taken from the skin, blood
and feces of patient 215. No relation was
found between the highest rectal temperature
obsened during the fitst week of admission
and the level of any of the Ig fractions. Of
jnterest, howevel, is that none of the patients
had severe hypothermia (a common sign in
septicemia).

Jntestinal parasites, when present, were
nsually the combination of helminths and
protozoa. Neither severe infections nor a sig-
pificant 1elation between the immunoglobulin
levels and the parasitic load weie thserved
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With rare exceptions, children with PCM
aie either incubating or haiboring clinical or
subclinical infections of varied etiology. This
would explain the stimulation for an in-
creased 1ate of synthesis of seium immuno-
globulin in some PCM patients, as obscrved
by Cohen and Hansen,'? and ourselves. Fur-
theimore, these rises suggest that the high
incidence of infection associated with PCM is
not a consequence of immunologic deficiency
as measuied by levels of IgG, IgA and IgM in
serum,

The significantly higher-than-normal levels
of serum IgA observed in this and other seiies
of malnourished children, as recently re-
ported,t- 222 have not yet been adequately
explained. The elevations in some of the mal-
absorptive and the diarrheal disorders,*? could
be related to repetitive gastrointestinal in-
sults, which are of common occurrence in
childien with PCM. An abnormal permeabil-
ity of the gastrointestinal mucosa, if present,
could facilitate the entiy into the blood
stream of the IgA secreted by the plasma cells
in the lamina piopria. Immunofluorescence
studies of biopsies of gastrointestinal mucosa
in celiac disease have revealed an increased
number of plasma cells infiltrating the lamina
propria, the majority of them staining with
antseta to IgA and a few with antisera to
IgG and Ig\I =3 NMorphologic studies of duo-
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denal and rectal biopsies in PCM children
have shown lymphoid and plasma cell infiltra-
tions of the lamina propria, which do not en-
tirely disappear with nutritional recoveiy.>s If
these plasma cells are producing IgA, as is the
case in ccliac disease,®® this may help explain
the rise of seium IgA levels in PCM. The pa-
sistence of the high IgA levels after nuiri-
tional recovery, could similarly reflect what is
occurring in the intestinal mucosa.

In a 1ecently repoited study of serum im-
munoglobulinr levels #* in malnourished chil-
dren, the control group consisted of childien
from ruial communities where PCM and in-
termittent diarrhea are prevalent. These sub-
jects had neither clinical nor biochemical
evidence of malnutrition, but their serum 1gA
values weie similar to those of the “recovercd”
patients in our present study and differ sigmf-
icantly from values in childien with PCM.
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Indices of Body

Gomposition in

Infantile Malnutrition: Total Body
Potassium and Urinary Creatinine

G. A, O. ALLEYNE,2 M.D.,, M.R.C.P., F, VITERL® M.D., AND
J. ALvarADO,® M.D.

ITHERTO, an increase in weight and

height on treatment has been the most
widely used index of recovery from mal-
nutrition, and when the recovery process
is well established an increase in weight
usually reflects an increase in lean body
mass. It has been shown that there are
gross. abnormalities of body composition
in malnutrition (1-4) and, in the early
stages of recovery, increase in weight may
be masked by changes in body composi-
tion. )

It would be ideal, therefore, to have a
simple mecthod of- assessing total body
composition at regular intervals. There are
no such simple methods, but we [eel that
some mcaswie of lean body mass or muscle
mass would serve the purpose equally
well. Urinaiy creatinine is held to be a
measure of muscle mass even in malnutri-
tion (5, 6), and Cheek (7) has proposed
that total muscle mass can be estimated
from the 24-hr urinary creatinine. Stearns et
al. (§) have measured urinary creatinine in
a large series of normal children and given
values for the increments of 24-hr urinary
aeatinine with height. On the basis of
these normal data one can determine the

!Supported in part by a grant from the Well-
come s,

et adihiess: Medical Rewarch Counal,
Thopmcal Metabolism Rescarch Unit, University of
the West Indies, Mona, Kingsioa 7, Jamaica.
3 Present address: Instituto de Nutricion de Centro
Anr.ca ¥ Panamd, Carrctera Roosevelt Zona 11,
Guaweniala, Centro-Amednica.

creatinine excretion appropriate for a
healthy child of a given height. If then the
24-hr urinary creatinine and height of the
malnourished child are known, the creati-
nine-height index may be calculated and
is some measure of the degree of deficit of
muscle mass in that child (9-11).

Total body potassium 1s also a measuie
of lean body mass and indirectly of muscle
mass, since the major fraction of body
potassium is in muscle. By the same anal-
ogy the degree of potassium and hence
lean body mass deficit can be calculated if
we know the total body potassium and
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height of the child and the total body
potassium appropriate for a normal child
of the same height. In this study we show

Tasre 1
Creatinine-height index (CHI) and potas-
_sium-~height index (KHI) in infants re-

: covering from malnutrition

D |Jmes| o | s
Aesn

0-5 8 0.61 0.67
(0.016)* | (0.038)

6-10 11 0.72 0.67
(0.033) (0.021)

11-20 14 0.77 0.83
(0.048) (0.031)

21-30 22 0.96 0 90
(0 041) | (0.021)

3140 19 1.04 1.01
(0.046) | (0.019)

41-50 18 1.07 1.00
(0 039) (0.021)

51-60 11 0.99 1.05
(0.063) | (0.025)

More than 60 12 1.01 1.07
(0.071) {0 056)

* Figures in parentheses indicate sEx.
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Alleyne et al.

that there is a good degree of correlation
between the muscle mass deficit as mcas-
ured by the crcatinine-height index and
the lean body mass deficit as measured by
the potassium-height index.

MATERIAL AND METHODS

The patients studied were malnourished chil-
dren admitted to the Medical Research Council's
Tropical Metabolism Research Unit. The typi-
cal clinical picture has been described pre-
viously (12). Timed 24-hr specimens of urine
were collected from a series of 25 male infants
with the use of a glass adaptor strapped to the
perineum. Total body potassium was measured
in a 4JII liquid scinullation whole body
counter. Urinary creatinine was measured with
alkaline picrate (13).

Indices:

Creatinine-height index (CHI)
_. 24hr urine creatinine/cm height
24-hr urine creaunefcm height for a
normal child of same height.
Potassium-height index (KHI)
- total body potassium/cm height

total body potassium/cm height for a
normal child of same height.
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Fic. 2. The indices, KHI and CIII, and weight as a percentage of expected weight for hcight in four

cLiicren recosering from mainutrition.



Body Composition in Malnutrition

As mentioned above, the nomnal creatinine
excretion was obtained from the data of Stearns
et al. (8). The normal data for total body po-
tassium were derived from total body potassium
measurements in a series of 37 children who
had been treated in this Unit and had recovered
from malnutrition (Fig. 1).

RESULTS

The CHI and KHI at different stages of
recovery from malnutrition are shown in
Table 1. It is clear that on admission o
the hospital there was a 30-10% reduction
in tissue mass as shown by both indices,
which approached noimal afier approxi-
mately 4 weeks. Figure 2, A-D shows the
weight chart and both indices in four
children recovering from malnutrition.

DISCUSSION

The major aim of this study was to
validate the use of the creatinine~height
index by comparison with an independent
measmie of lean body mass. The use of
body potassium as an index of lean body
mass in the early stages of recovery from
malnutrition is quite justified, since it has
been shown that a true potassium def-
ciency is rapidly corrected within the first
few days of therapy, and, thereafter, a low
body potassium represents not potassium
ceficiency but a reduction of lean body
mass (14).

It is important to use height rather than
weight 1n the deiivation of any indices of
noumality of body composition, since
height is not affected by the 1apid changes
in body composition that take place dur-
iNg 10CON eYY.

We would hope that CHI finds wide-
wpiead use as a measwme of muscle mass. It
woull then be possible to assess various
pvsioiogical funciions in terms of the
CHI instead of weight, which as we have
stated is a rather poor index of body com-
pustion and change.

Althouzh in this study we have used a
sngie 21-hr urine collection, the accuracy

877

of the results would have been improved
if the mean of three consecutive 24-hr col-
lections had been taken, as it has been
shown that the coefficient of variation in
urinary creatinine excretion is reduced
from 13% in 24-hr collections to 6.9% in
3-day collections (11). The wide variation
in urinary creatinine found in some mal-
nourished children soon after admission
(5) may be avoided 1f urine is collected for
2 or 3 days.

SUMMARY

Indices of muscle mass and lean body
mass are derived fiom 24-hr urinary creat-
inine and total body potassium. These in-
dices change in parallel in children re-
covering {rom piotein—calorie malnutri-
tion.
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Accurate Mcasures Dircctor, Instituto de Nutricidén de Centro
of Malnutrition America y Panama, Guatcmala City

Dr. Bengoa stressed in his paper—I behieve very rightly so—the need of an
indicator that can be of practical value in assessing the extent of the problem
of protein-calorie malnutntion (PCM) in a community.

In the preindustnalized areas of the world, evidence obtained through di-
etary, biochemical, climical, and anthropometrical studies, as well as frém the
analysis of morbidity and mortality data, indicates that the prevalence of
PCM in all of its different forms and degrees is greater than wouid bz sus-
pected by nonspecialized persons on the basis of the occurrence of the severe
forms, kwashiorhor and marasmus. The above-mentioned studies are compli-
cated, expensive, and time-consuming; furthesinore, the information that
they provide 1s difficult for nonspecialists {o interpret. Therefore, it would
be extremely useful to have indicators that are casily obtainzble and that are
sufficiently specific and sensitive 1o be used in delermining the magnitude of
the problem, both for diagnostic and for progiam evaluation purposes.

One of the reasons why malnutntion has not reccived sufficient attention l:;y
policy-makcis at 2 national level in many counlries is that its real magnitude
is frequently unknown or underesiimated. As of the last few years, great
efforts are being made in the planning of health programs, but even health
planners have been unable to give mzalnutrition its proper place among hezlth
problems, partly because of the difficulties in estimating its real magnitude.

Only under situations of acute hunger, as hav2 recently occurred in Biafra
and India, do health authorities and the entire society recognize mainutrition
as a problem. It would be extremely useful to demonstrate that under “nor-
mal” conditions of hife more than half the population of a country has suf-
fered or is suffering from some degree of malnutrition. [1] For this purpese,
mndicators like the one suggested by Dr. Bengoa can be useful.

Responsible persons in underdeveloped countries, frequently cien health
personnel, have accepted some characteristics of th: population like smzll
body size, lack of 1nitiative and ambition, and low w ork efficiency as genetic
characternistics, although available scientific information suggests that these
are more frequently the result of environmental factors, among which malnu-
trition is usually one of the most important. For this reason, if would also be
~very useful to demonstrate a correlation between anthropometric indi-
cators—like the one suggested by Dr. Bengoa—and functional parameters of
the subjects such as resistance to infection, psychological behavior, or leamn-
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ing capability, even if this corrclation does not nccessarily prove a direct
causal relationship with malnutrition, but rather the influence of the total
environment,

There are, of course, linitations in an indicator like body size, which were
briefly anzlyzed by Dr. Wilson, but we should keep in mind that an indicator
is not necessarily a direct measurement of the phenomenon but only a practi-
cal way of evaluating its magnitude.

In regard to the intenention programs for the control of PCM, we agree
with the epidemiologicz] approach recommended by Dr. Bengoa. Through
this approach, it will also be possible to select populaticn groups, either 1n
terms of socioeconomic condition or in respect to age, which are more vulner-
2bie and 1n greater need of attention This 1s particularly true for the imple-

montation of measures within the secondary or tertiary level of prevention,
such as treatment, nutnition rehabiiitation, supplementary feeding, or nutri-
tion education. \

In relation to the age groups that should receive greater attention, it 1s inter-
gsuing 10 obsene how the situation lias changed as more and better informa-
don on the efiects of malnutntion has been obtained. Until about twenty
years ago. supplementary feeding and nutntion education programs were
b g:a:'i d mainly for schoolchildren. p1obably because this group was easier

each. However, expziimental studies revealed that the small size of
'r aol-age cluldren coanoet be modified sigmificantly by suppicmentary feed-
2. [2] Fu.t -ermai2, the severe cases of protein-calorie malnutution, mainly
I zshiorhor, occurnrg predommnantly between the second and fourth years
of life. received great iaternational attention. [3.4] On the basis of ihese and
cirer reizied observotions, emphasis was progiessively and correctly moved
irc.n the school-age 1o the preschool-age cluld. It was also observed that in
t1e miore pamitne communities where prolenged breasi-feeding (usually over
~0on2 vezr of a52) .5 still a common praciice, cases of severe PCM, paiticulaily
kwzshiorhor. were s:ldom seen before the age of 1 year For these reasons,
ik.2 group of chuldren from 1 to 4 years old was 1dentified as the onc at
greater 13K and was therefore granted the highest prionty in apphied pro-
gras Later on, hiowever, it was obsenvcd that even in those communaities
where prelonged breast-feeing is a common practice, the growth of ¢hildren
wzs not szisfactoy as of the fourth to sinth month of age. Morbidity and
~ortaliy statistics also indicated a gicat nisk for children dining the second
heif cf thaur first year of Iife and duning their second year, decreasing rapidly
therezfter. [3] In addition, because of 1ts dramatic quahty and probably zlso
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its exotic name, kwashiorkor initially received more attention, but Jater on
the importance of marasmus and other severe typces of 'CM occurring before
the first year of life was recognized in population groups undergoing cultural
transition, where weaning takes place carlier, and often improperly. [6] It
was then realized that all children under S years of age, including those under
one year, would have 1o be considered.

More recently, interest has progressively been focused on the possibilities of
permanent damage it young children’s mental development caused by malnu-
trition both before and in the 6 months after birth. [7,8] So far, available
evidence on the effect of the mother’s nutrition on the newborn has been
contradictory or inconclusive. [9] On a carefully controlled Jongitudinal
study, now under way in Guatemala, information thus far obtained sugeests a
good association between caloric intake of mothers dunng pregnancy (esti-
mated by dietary surveys) and the weight of their newborns. [10] Further-
more, preliminary dota suggest that it is possible to correct the low birth
weight, so frequent in these babies, by correcting the inadequate dietary
intzke of their mothers with supplementary feeding during pregnancy. [11]
Babies with low birth weight are at 2 much greater risk of early death, as was
recently confirmed by INCAP studies. [12]

All this information indicates the need for directing greater attenticn to
pregnant and lactating mothers, and to children during their first months of
life in any applied nutiition program. It seemws, therefore, that high priority
should be given to the development of a very strong program on matemal and
child health within the health plans of the developing countries; not only
family planning but glso nutrition should be among its fundamental compo-
nents.

Recent observations in Central America support Dr. Bengoa’s contention
that activities at the level of secondary and tertiary prevention, particularly
those actions which are under the direct responsibility of health agencies, can
reduce the incidence of severe and advanced cascs without modifying substan-
tidlly the prevalence of mild or moderate cases. These last fonms, although
clinically not very dramatic, can be of greater public health significance be-
cause they are more prevalent, and especially if their association with func-
tional damage is further documented. The control of these forms requires a
strong coordinated program at the level of primary prevention, which should
correct the basic and interrclated problems of insufficient and inadequate
supply of foods, low purchasing power, and low educational level. This can be
donc only through coordinated multisectoral programs, properly onented by



a national food and rutrition policy and constituting 2 important compo-
nent of the national development plan.

In order to convince the planners and the policy-makers of the nced and
feasibility of this last approach, cffoits are being made to sell the idea on an
cconumic basis, thal is, to demonstrate that the eapenses mvolved in mea-
sures of dircct nutritional benefits are a good investment. Dy, Wilson indi-
cated the complexity of this approach and the difficulty in obtaining the
basic information required. Still, | belicve that 1t is possible to obtain a rea-
sonably good estimatc of the immediate economic losses due 10 malnutntion
in a given community by calculating, among other 1tems, the eapenses in-
curred in the treatment of cases, and the losses due to absenteeism of workers
because of diseases related to malputntion, as well as those resulting from
reduced work performance. However, these immediate losses are probably
much lower than those stemming from early malnutrition. The effects of
malnutrition durin.g the intrauterine period and in the course of the first few
years of life, in terms of lower leamning capacity and inefficient integration of
the labor force in a technological society, are much more difficult to estimate
in econonuc terms; furthermore, they appear after a time lag of at least 10 to
20 years. This is, of course, a serious limitation to planners or to politicians
interested in investments with a more immediate return. Therefore, the im-
provement of these fundamental programs is postponed, and the gap between
the developed and the underdeveloped societies increases.

I agree that, for effectiveness, any intervention program to control malnu-
trtion has to be an ambitious one, which may even require significant
changes 1n the sociceconomic and political structure of the country. There-
fore, very careful planning is fundamental

Some countries and international agencies interested 1n the field are already
working in this direction. In my opinion, the efferts for socioccononmic de-
velorment in the last decade have demonstrated that greater attention to
human resources 2nd improvement of the quality of Iife of the total popula-
tion of the country is needzd. This 1s not only the final objective of develop-
ment but also a2 mechanism for achieving a real and harmonious sociocco-
ncmic davelopment, not just econonus growth.

I fully appreciate, therefore, the interest 1n and efforts toward uvttharg a
more strict planning methodology, for which 1 am sure this conference will
be of great value. Sull, I think that in planning the control of mainutntion we
should noj completely forget the hurnamtanan aspects. Unfortunately for us
who are interested in nutrition, there is very little picbabslity that a highly
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influcntial or policy-making citizen will go 10 bed hungry or will have a child
dying from kwashiorkor or marasmus, as is happening cvery day 10 thousands
of people in large arcas of the world. If that were the case I am sure that, in
addition to the “rational” economic approach {o the prevention of malnutsi-
tion, a higher social and humanitarian consciousness would be awakencd.
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Bone Maturation in Children Recovered
from Malnutrition

M. A. GUZMAN
Institute of Nutntion of Central America and Panamd (INCAP), Guatemala

Since growth 1s conditioned by the adequacy of nutrition, it is not
surprising that skeletal development may be affected detnnmentally by lim-
ited nutrition.

In the literature, one finds early reports to this effect based on the gross
assessment of ‘bone age’, established by comparison of radiographs of
selected sites, with corresponding age-sex specific norms [7] Although this
approach results 1n estimates which may be considerably affected by mea-
surement error, the results obtained through its application have, never-
theless, suggested that retardation 1n bone development begins early 1n life,
manifesting itself 1n a pattern that 1s quite uniform among populations of
widely different ethnic extraction but with a sinmular background of defi-
cient nutrition [2, 8, 11]. Furthermore, the retardation 1n bone age reported
for these populations in terms of net time deviations from the norm closely
parallel similar estimates of time lags established on the basis of either
height or weight [8].

The problem of skeletal growth retardation has been studied using
different alternative methods, all of which attempt to reduce the large mea-
surement errors commonly associated with the comparison technique de-
scribed previously [3, 5). In our case, we have evaluated bone development
on the basis of age-sex specific counts of ossification centers, determined
from left hand-wrnst radiographs, and following the methodology de-
scribed by GARN and ROHMANN ([5]. The counting of ossification centers
present is complemented with radiogrammetric measurements of the external
and internal diameters at the midshaft of the second metacarpal bone, which
perrts estimation of cortical thickness [3]. By using this approach, we have
been able to assess bone development, with sufficient sensitivity and a good
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reliability, from birth to 5 years of age for different population groups in
the rural highlands of Guatemala [9, 10, 12}.

Results from a longitudinal study of 5 years’ duration [10), evaluated
in terms of bone development using the methods described, suggest that
improvement of the usual diet of a village through the daily administration
of a high quality protein supplement (Incaparina) resulted in better age-sex
specific ossification status (greater number of centers present) and improved
bone growth (more centers appearing during fixed time intervals) for the
children of the supplemented willage in comparison with children from
similar villages without food supplements [9, 10].

Parallel studies conducted with 96 children hospitalized for protein-
calorie malnutrition at the Roosevelt Hospital in Guatemala City revealed
that the ossification status of these children does not differ from that of
ambulatory children from control villages in the Guatemalan highlands [6].
On the other hand, radiogrammetric measurements of second metacarpal
cortical thickness in village and hospitalized Guatemalan children revealed
no systematic reduction 1n outer bone diameter at midshaft, but a signi-
ficantly larger inner diameter was found in the hospitalized children. This
indicates a reduction of cortical bone at the endosteal surface {4]. The
difference in cortical bone between the hospitalized and the village children
becomes more apparent if the bone diameter mcasurements are used to
calculate midshaft cortical area, and the results expressed in terms of percent
cortical area [4].

Another series of studies on the bone development of children, also
conducted 1n Guatemala, evaluated radiogrammetric results for 84 children
with protein-calorie malnutrition who died and were autopsied at the
Roosevelt Hospital durning the period from August 1964 to November 1965.

Preliminary analyses of the results from these studies indicate that
there is no significant difference between the number of ossification centers
present in these children and the number of centers present in either their
village, or hospitalized, age-sex specific counterparts. The cortical thickness
of the second metacarpal of the autopsied cases was, however, less than the
cortical thickness of the second metacarpal of both the village and the hospi-
talized children. In this case, the percent cortical area of the autopsied cases
was substantially less than that of comparable living children. In the necropsy
series, 1t was also possible to carry out direct measurements of midshaft
diameters on the second metacarpal bone removed at the time of autopsy;
the results from such measurements closely parallel the previously described
radiogrammetric results,
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Table I. Percent ash content of the second metacarpal bone in children dying from
protein-calorie malnutrition at the Roosevelt Hospital in Guatemala during August

1964-November 1965
Age, Males Females
years _ -
n X S n X s
<1 11 42.3 133 3 51,7 127
1 9 43 8 101 16 528 94
2 7 513 4.1 6 533 70
3 2 585 10 2 59.0 56
4 4 598 108 - - -
5 and over 6 535 3 3 56.0 20
Total 39 49.7 10.7 30 53.5 $4

In 69 of the 84 cases included in the necropsy series, 1t was also possible
to carry out ash determinations; the results are presented in table I. These
determinations suggest that the children dying from protein-calorie mal-
nutrition have a dried, defatted bone ash content that does not differ from
reported normal values {1, 13]. In other words, the bone loss evidenced by
reduced cortical thickness really represents a loss of total bone; in this
event, the detrimental effect of early malnutntion may well produce irre-
versible damage to the skeletal structure, such as thinning of the bone and
changes 1n the epiphyses [6]. A sequence of these events may be permanently
recorded in the bone as lines of arrest (Harris’ lines), which are commonly
visible in hand-wrist radiographs of children from areas where malnutrition
1s common. The real biological significance of these lines, however, still
remains unclear. On the other hand, the thinning of the bone results in
decreased breaking strength and a generally reduced compression strength
[6]; the changes in the epiphyses may produce a reduction in the length
of bones which may well be irreversible, thus contributing to the small body
size which uniformly characterizes the populations of regions where mal-
nutrition is prevalent [8]. In any case, the available evidence suggests that
conditions of poor nutrntion result in skeletal changes which may perma-
nently affect the normal functions of the individual.
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ConNTRERAS, C., and VITER], F. E. 1973, Sialic acid content of red blood cells from protein-calorie mal-
nourished children and during recovery, and from normal children and adults. Can. J. Physiol Phar-
macol. 51, $53-858.

Sialic acids were measured 1n the red cells of two groups of subjects. One group consisted of 12
children with severe protein-calorie malnutrition (P C.M ), six of them were followed Jongitudinally
throughout the recovery period The control group included 28 normal children and 11 normal adults.
All subjects were studied hematologically and the sialic acid content of the red cells was determined 1n
three Jayers of erythrocytes, separated according to their density by ultracentrifugation. The results indi-
cate that there are no alterations 1n the content of sialic acids in the red cells of children with severe
P.C.M. Furthermore, they show that the sialic acid content of the red cell 1s not influenced by vanous
levels of red cell folates nor by differences in the concentration of serum proteins, serum iron, percentage
saturation of transferrin, serum folates, or serum vitamin B, .

ConTRERAS, C., et VITERI, F. E 1973, Sialic acid content of red blood cells from protein-calone
malnournished children and during recovery, and from normal children and adults Can J. Physiol
Pharmacol 51, 853-858.

Chez deux groupes de sujets, nous avons mesuré le contenu en acides staliques des globules rouges
Un groupe comprenait 12 enfants sujets & une malnutrition protéo-calorique (P C.M ) grave, six d’entre
eux ont été également observés durant le période de rétablissement Le groupe témoin comprenait 28
enfants normaux et 11 adultes Tous les sujets ont été sournis a des tests hématologiques Nous avons
déterminé le contenu en acides sialiques au miveau des trois couches de globules rouges telles qu‘obtenues
par ultracentrifugation Les résultats indiquent que le contenu en acides sialiques des globules rouges n"est
pas modifi¢ chez I'enfant atteint de P.C M. IIs indiquent également que le contenu des globules rouges en
acides sialiques n’est pas modifié par le contenu globulaire en folates n1 par le contenu sérique en pro-
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Bwmedical Diwsion, Institute of Nutrition of Central America and Panama (INCAP), Guatemala City, Guatemala

teines, fer folates et vitamine B, ,, n1 par le taux de saturation de la transferrme

Infroduction

There is, to our knowledge, no information
on the effect of nutrition on the sialic acid con-
tents of the red blood cells, even though they
are important components of membranes (Eylar
et al. 1962; Cook et al. 1961) and of erythro-
cuprein (Kimmel et al. 1959), which partially
determines the red cell hfe span (Markowitz
et al. 1959).

In children suffering from kwashiorkor and
marasmickwashiorkor, several authors (Shehata
et al, 1965; Fayad et al. 1969; Patwardhan ef
al. 1971) have shown a marked increase in

'This work was partially supported by Advanced
Research Projects Agency (Project AGILE), under
ARPA Order No 580, Program Plan No. 298, and
monitgred by the Nutnition Program, National
Center for Chronic Disease Control, Bureau of
Discase Prevention and Environmental Control, US
Public Health Service, and NIH Grant AM-0981

[Traduit par le journal]

the total protein-bound hexose in serum. On
the other hand, Patwardhan et al. (1971)
observed altered concentrations of serum glyco-
proteins, a finding that the authors interpreted
as the result of infection on protein-calorie
deficiency.

In uncomplicated protein-calorie malnutri-
tion (P CM.), changes such as low serum
copper and ceruloplasmin (Lahey et al 1958),
a mild decrease in red cell survival (Lanz-
kowsky et al. 1967), and a reduced number of
red cells (Viteri et al. 1968a, 1968b) are
known to occur. Viteri and colleagues (1968a,
1968b) have suggested that this finding is the
result of adaptation, which involves reduction
of the total circulating hemoglobin as a conse-
quence of diminution in active tissue mass. If
hemolysis plays an important role in the hema-
tological alterations observed m P CM, an
increase in the sialic acid content of erythro-
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cytes in patients with severe P.C.M. would be
expected since young red blood cells have a
higher content of these acids, based on the
results of Yachnin and Gardner (1961). On
the other hand, if erythropoiesis were markedly
impaired in severe P.C.M, the red blood cell
content of these acids would be reduced, since
older erythrocytes have a smaller content of
sialic acids.

The concentration of sialic acids was mea-
sured in red blood cells of children with severe
uncomplicated P.C.M. and during nutritional
recovery in order to estimate the age composi-
tion of the circulating erythrocytes. Thereafter,
relationships were investigated between the
concentration of sialic acids in red blood cells
and the serum and erythrocyte contents of im-
portant nutrients (proteins, iron, folates, and
vitamin B;.) known to be deficient in cases of
uncomplicated P.C M., and during nutritional
recovery on certain experimental diets (Viteri
et al. 1964).

Materials and Methods

Two groups of subjects were studied® (1) Normal
subjects, 11 well-nourished adults, and 28 children
43 to 96 months old, (2) malnourished subects, 12
cluldren with severe PCM of the edematous type
and without infectious comphications, between 22 and
84 months of age, admitted to the pediatric section
of the General Hospital of Guatemala and 10 the
Clinical Center of the Institute of Nutrition of Central
America and Panama (INCAP) Six of these patients
were studied periodically during their nutritional
recovery.

All children were treated following a standard
protocol used at INCAP's Climical Center (Alvarado
et al. 1970): vpon admission water and electrolyte
imbalances were corrected while the children were
maintained for approaimately 4 days on an adapta-
tion diet that provided 0.7 g of protemn (casein +
02% methionme) and 70 cal/hg body weight per
day. Twenty to thirty percent of the calories were
given as vegetable fat. From then on, and depending
on tolerance, the concentration of the diet was in-
creased progressively to reach 3—4 g of protein and
120-150 cal/hg body weight per day. This level of
intahe was usually attained within 10 days of ad-
mussion. Later on, casein was progressiely substituted
by milk. Throughout hospitalization a multvitamin
and mineral supplement was adminmistered. It in-
cluoded iron, folic acid, and +vitamin B;» Protem
depletion and repletion were estimated by the
creatinine-height index (Viter1 and Alvarado 1970).

Red cells were obtained from heparinized venous
blood, which was placed at 4 °C immediately after
withdrawal Pachked red cell volume was measured by
the method of McGovern er al. (1955). Blood
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samples were centrifuged at 2000 X g and 4 *C for
10 min. Plasma and the buffy coat contaming leuho-
cytes were removed by suction. The pached erythro-
cytes were transferred to polyallomer tubes and
centrifuged at 67000 X gand 4 *C for 2 h m a
preparative ultracentrifuge (Spinco model L2-65),
using a swinging buchket rotor (Type SW-39) and
following the method of Rigas ez al. (1961).
The resulting pacled erythrocyte column was arbi-
trarily divided into three equal layers by cutting the
tubes to 1solate erythrocytes of different densities
They were 1dentified as fractions 1, 2, and 3 from
top to bottom Fraction 1 should contain most of the
reticulocytes; fraction 2, mature red cells; and frac-
tion 3, older red cells (Rigas er al. 1961; Borun
et al. 1957). Red blood cell counts were routinely
carried out on each layer using a Coulter counter
model B (Coulter 1956). Reticulocyte counts were
performed according to the method of Brecher and
Schneiderman (1950} to check the success of blood
cell fractonation Chemical determination of sialic
acids was performed on each of the three erythrocyte
layers by the thiobarbituric acid method of Warren
(1959), using a Bechman DB spectrophotometer.
The absorption spectrum of the acid chromophore
from each sample was always obtamed in the wave
length range of 480-600 (mu) nm A representative
spectrum 1s 1llustrated i Fig 1. The equation and
constants proposed by Tishkoff (1966) were applied
to calculate the sialic acid concentration. Siahc acid
content was expressed as N-acetylneuraminic acid
(NANA).

Two lots of crude neuraminidase-receptor-destroy-
ing enzyme from Vibiio choleiae filliaies were used *
In paired determinations (n = 18) enzyme lot No, 2
gave consistently lower values (81 6%) than enzyme
lot No. 1. Therefore, values obtained with the enzyme
lot No 2 were corrected to espress all results as if
obtammed with the enzyme lot No 1. The punty of
the N-glycolyl- and N-acetylneuramimic acids® used
as reference standards was cheched by descending
paper chromatography. using as a solvent system a
mixture of butanol, n-propanol, and 01 N HCI 1n
the ratio of 1'2 1 (Mirtensson et al. 1958). All other
chemicals used were reagent grade

Plasma proteins were measured by refractometry,
and hemoglobin content by the method of Crosby
et al (1954), while serum 1ron levels and total 1ron
binding capacity were estimated by Ramsay's tech-
nique (Ramsay 1958). Serum folates were quantita-
tively determined using Lactobacillus casei as the
assay microorganism (Herbert 1961) Estimation of
serum B levels was made by the Ewglena gracillis
method of Anderson (1964).

Results

Data for P C M. children and for children
fully recovered from P CM, are presented 1n

*Enzyme lot No 1 was supphed by Sigma Chemical
Company and enzyme lot No 2 by Calbiochem
*Supplied by Sigma Chemical Company.
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Fic 1. Absorption spectrum of the thiobarbituric acid chromophore

TABLE 1.

Reticulocyte counts and sialic acids content of red blood cells from children

with P C.M. and fully recovered

Red cell layers

1 2 3
Reticulocytes (% of total) 70.2 + 3 3 20 4 + 2 2* 0.4 +1.7*
(n = 15) (n=15) (n = 15)
NANA (ug/10°° RBC) 146 0+ 6 0 124 0 + 4 O* 1170+ 5 0*
(n = 16) (n = 16) (n = 14)
NANA (ug/ml pached RBC) 161 0+ 60 145060 1450+ 70
(n = 16) (n = 16) (n = 14)

sSigmficantly different (» < 0 005) from layer 1

NOTE The red cells are separated 1nto three layers by centrifugation Data are mean values + S E

Table 1. This table shows the reticulocyte
counts on each layer and confirms that, as ex-
pected, the reticulocyte content decreased from
the top to the bottom layer. The levels of
NANA also tended to dimimsh from top to
bottom. When expressing the sialic acid content

as concentration per 10 red cells, a sigmfi-
cant difference was observed between layer 1
and the other two layers. However, when
NANA was expressed as micrograms per milh-
iter of packed red blood cells, no sigmficant
differences were observed between layers
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TaBLE 2, Biochemical and hematological data and red blood cell sialic acid content in P.C.M. children, according to
hospitalization period

Hospitali-
zation Serum Packed RBC Saturation
period proteins volume Serum iron of TIBC* RBC folates Serum B,
(days) (g/100 ml) ) (18/100 ml) VA (ng/ml) (pg/ml) .
0-3 4.4 +¥0.2 32.0+1.0 510+ 4.0 520+7.0 169.0 +£ 22.0  442.0 % 85.0
(n=12) (n=12) (n=12) (n = 12) (n=11) (n=12)
4-20 6.6 + 0.4 29.0+1.0 186.0+74.0 46,01 8.0 136.0 £ 12.0 395.0 + 55.0
{n = 10) (n = 10) (7 = 10) {(n = 10) {n=18) (n=9)
2140 7.5+ 0.3 30.0 + 0.8 87.0+31.0 25.0x+7.0 150.0 + 15.0  334.0 % 57.0
(n=10) - {n=10) {(n = 10) (n = 10) (n = 10) (1 = 10)
414+ 7.6 £ 0.1 34.0 £ 0.6 550+ 7.5 15.0x2.0 178.0 + 26.0  302.0 + 34.0
(n=16) (n = 16) (n = 10) (n=10) . (n = 10) n=17
RBC sialic acid content in red cell layer (NANA RBC sialic acid content in red cell layer (NANA
pg/ml packed RBC) ug{10'® RBC)
1 2 3 1 2 3
0-3 140.0+ 7.0 1440+ 8.0 147.0+ 10.0 143.0 %+ 10.0 119.0 + 8.0 118.0 + 10.0
(n = 11) (n=12) (n = 12) (n=25) (n=6) (n=6)
4-20 146.0 £ 10.0 119.0+12.0 138.0+ 9.0 156.0+20.0 123.0+16.0 101.0 %+ 10.0
(n = 10) (n=9) (n=29) (n = 4) (n=23) (n=2)
21-40 176.0 + 30.0 155.0+ 9.0 150.0%+ 8.0 161.0%+ O 130.0+ 0O —_
(n = 10) (n=10) (n=29) (n=1) n=1) —_
41+ 143.0+ 80 144.0+ 9.0 147.0+ 8.0 139.0% 5.0 129.0 + 5.0 121.0 £ 6.0
(n = 16) (n = 16) (n = 16) (n = 6) (n=6) (n = 6)

*T1BS is the total iron binding capacity.
Note: Data are mean values + S.E.

TasLE 3. Total s_ia]ic acids of the three red blood cell laye-s in the four groups of subjects studied

Sialic acid content expressed as NANA nug/ml packed

Packed cell RBC in red cell layers
volume
Group VA 1 2 3
P.C.M. children 32.0+1.0 140.0 £ 7.0 141.0 £ 8.0 147.0 £ 10.0
(n=12) (n=11) (n = 12) (n=12)
Children fully recovered 34.0+£ 0.6 149.0 + 8.0 144.0 £ 9.0 147.0 + 8.0
from P.C.M. {(n = 16) (n = 16) (n = 16) (n = 16)
Control children 37.0 + 0.6 148.3 + 6.0 146.0 + 6.0 143.0+ 5.0
(n = 29) (n = 28) (n = 28) (n = 28)
Control adults 48.0 + 1.0 155.0 £ 3.0 157.0 + 4.0 159.0 + 4.0
(n = 16) (n = 15) (n=15) (n = 16)

NotE: Data are mean values + S.E,

Table 2 shows the results obtained in the
malnourished children, grouped by days of
hospitalization in four categories: acute phase
(0-3 days), early recovery stage (4-20 days),
late recovery (21-40 days), and full recovery
(41+ days). Differences in sialic acid content
between layers generally persist when expressed
by micrograms per 1019 red cells, although no
differences were detected between the various
stages of recovery. Furthermore, the NANA

values obtained from severely malnourished
children, fully recovered children, and normal
children and adults (controls) are similar
(Table 3). The values in the blood from normal
adults tend to be higher in the three red cell
layers.

An attempt was also made to correlate the
sialic acid content of red blood cells from
P.C.M. and recovered children with some of the
biochemical and hematological parameters in-
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vestigated. There exists no relationship between
the sialic acid content and any other nutritional
or hematological variable measured, eithcr by
groups of children or individually. These n-
cluded packed cell volume, hemoglobin con-
centration, serum iron, percentage saturation
of transferrin, red cell folates, and serum vita-
min B;s. Tables 4 and 5 are presented as
illustrations of this fact. Red cell folate level
was chosen, in this instance, as the independent
variable; based on the distnbution of these
levels the children were grouped in quartiles

Discussion

The results obtamned provide evidence that
in contrast to alterations in serum glycoproteins,
red cell sialic acid content remains normal 1n
P.C.M. Findings in the threec red blood cell
(RBC) layers also indicate that old cells con-
tain less sialic acid than young cells. This
suggests that even though during the process
of malnutrition bone marrow production may
have decreased or cven stopped (Viten et al
1968a, Kho and Tumbelaka 1960, Ghitis et al
1963; Adams et a«l. 1967), when the mal-
nourished children were studied their red cell

TABLE 4, Hematological and nutnitional biochemical
data of children with P C.M and during recovery Results
are grouped based on rcd cell folates

Group No.
1 2 3 4
RBC folates X 740 1270 1680 250 0
(ng/ml) S E. 90 40 30 150
(n) 6 12 12 9
Packed RBC X 300 310 31.0 330
volume (%) SE. 20 10 1.0 0.3
(n) 6 12 12 13
MCY (um?3) X 8§60 382.0 84 0 84.0
SE. 20 20 30 2.0
(n) 5 11 10 13
MCHC (g/100m!l X 310 320 320 320
RBC) SE. 08 0.6 Q7 04
(») 5 11 10 13
Serum iron X 770 920 1230 720
(ng/100 ml) SE 270 260 650 110
(n) 6 12 12 12
Saturatton of X 360 330 30.0 430
TIBC (%) SE. 130 60 80 80
(n) 6 12 12 12
Serum vitamin X 251 0 4330 3050 4200
B;, (pg/ml) SE 20 70,0 350 760
(n) 6 11 12 9

NoTe MCYV 1s the mean corpuscular solume and MCHC the mean
corpuscular hemogiobin conceniranion
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TasLE 5. Sialic acid content of the three red blood cell

layers in blood obtained from P C.M. children and

during recovery, Results are grouped based on red blood
cell folates

Sialic acid (NANA ug/ml

RBC RBCQC) 1n red cell layers
Group folates

No. ng/ml 1 2 3
1 X 74.0 142.0 147 0 143.0
SE. 9.0 10.0 9.0 70

(n) 6 6 6 6
2 X 127.0 159 0 136 0 150.0
SE. 4.0 22.0 15.0 12.0

(n) 12 1z _ 11 11
3 X 168.0 150 0 137.0 145.0
S.E. 3.0 16.0 9.0 8.0

(n) 12 11 12 11
4 X 250.0 151 0 144 O 1450
S.E. 15.0 7.0 60 70

(n) 9 18 18 18
Sialic acid (NANA pg/101°

RBC) 1n red cell layers

1 2 3
1 X 74.0 127.0 128 0 112.0
SE, 9.0 0 9.0 40

(n) 6 2 2 2
2 X 127.0 172.0 123 0 128 0

SE. 4.0 0 0. 0

(n) 12 1 1 1
3 X 168 0 143 0 121 O 103 0
SE. 3.0 70 60 17.0

(n) 12 4 4 3
4 X 250 0 149.0 125 0 122 0
S.E. 150 10.0 70 60

(n) 9 9 9 8

production was probably kceping up with its
demands, mostly determined by the children’s
active tissue mass. This interpretation is in
agreement with the blood reticulocyte content
of P C.M. children (Viter: et al 1968a).

The fact that the red cell content of sialic
acid does not appear altered in severe uncom-
plicated P.C.M. also agrees with our unpub-
lished observations (Viteri, F. E., and Alva-
rado, J.: unpublishcd observations) that the
red cell half-Iife is essentially normal in children
with severe protein-calorie malnutrition and
without infectious complications. Also it may
be concluded that protein, iron, folate, and
vitamin B;, deficiencies diagnosed on the bascs
of serum and/or red cell contents of these
nutrients do not influcnce the total sialic acid
content of red cells.
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The Head Circumference / Chesl

Circumference Raltio in Mild-to-Moderate

Protein - Calorie Malnutrition

by REYNALDO MARTORELL, CHARLES YARBROUGH, ROBERT M. MALINA, JEAN-PIERRE
HABICHT, AARON LECHTIG anp ROBERT E. KLEIN

Dusion of Human Development, Institute of Nutrition of Central America and Panuma (INCAP),
Calzada Roosevelt, Zone 11, Guatemala City, Guatemala, C.A.

The objective of this report 1s to evaluate the
utilny of the ratio of head to chest circumference
(hcad circumference/chest circumference x 100: H/
C ratio) as an index of the nutritional status of
individuals and populations.

The use of the ratio has been recommendcd for
the cvaluation of young children {from 6 months
to 5 years, specifically, it has been suggested that
the pcrcentage of children at dilferent ages who
have larger head thdn chest circumference should
be calcutated and reported”® Technically, the
H/C ratio appears to be appropnate for field
condiions for 11 does -not require capensive
cquipment, not even 4 lape measure Is necessary
as a picce of string will doth,

The ratonale belund the H/C ratio s as
follows at birth, head circumference 1s generally
larger than chest caircumference After birth, the
caircumference of the head does ot grow as raprdly
as that of the chest In well-nounished children
the circumference of the chest becomes larger
than that of the head between 6 and 12 months of
age, producng a mecan H/C ratio of less than
100°,(*-3, On the other hand, 1n severe protein-
calorie malnutrition there may be poor growth
of the pecloral muscles or even wasting such that
the hcad remains larger than the chest circumflerence
at later ages, yiclding a mean H/C 1atio greater than
100 %4, Thus, 1n some malnounshed populations
the mean circumfcrence of the chest docs not become
larger than that of the head untul as late as the
third and fourth year of hfe(-4-9,

Though many studies have repotted mean
H/C ralios, hittle 1s known about the vanability
in the ratio both in well-nounished and poorly-
nourished populations This results from the
fact that (10 most instances the H/C ratioas derived
from the population means or medians of head

(H) and chest circumference (C) as H/C rather
than from individual ratios as ( XH/C)/n, where
n=numberdf indindual ratios Vanability can
be cstimated from the latter but not from the
former. Lacking estimales of the vanability in the
H/C rauo, 1t 1s impossible to know what percent-
age of children have unacceptable H/C ratios
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after 1 year of hfe in well-nourished populations
Without this knowledge, 1t 1s difficult to cvaludte
what is normal to cxpect at the individual or popu-
lation level.

As opinion regarding the value of the H/C rauo
in the cvaluation of carly giowth and development
varies("*?, we examined the H/C ratio in a mod-
crately malnournished population of Guatemalan
children, birth to seven ycars of age, to make
inferences as to the utility of the ralio to discrimi-
nate well-nourished and moderately-malnourished
populations and individuals

Mecthods

The data presented here are mixed longitudinal
observations on 1,119 clhinically normal rural
Guatemalan Ladino children under study by the
Division of Human Development of the Insutute
of Nutrition of Central America and Panama
(INCAP). Although the nutritional and hecalth
standards of these willages arc betler than the
average for rural Guatemala, nuld-to-moderate
piotcin-caloric malnutnition s prevalent in this
population!®, From the basic sample, 5,012 hcad
and 4,982 chest circumference measurements dre
available, The sample comprises 84% of all
possible examinations on children who were 0 to
84 months of age witlhin the period of January
1969 through May J, 1972 1n four villages in the
Department of El  Progreso, northeast of
Guatemala City. The villages are on the Atlantic
slopes of the Guatemalan highlands at altitudes
between 300 and 1,100 metres.

Head and chest circumfcrences were taken by
trained and standardised anthropometrists, The
two mecasurcments are included 1n an extensive
anthropometric  battery taken on all children
Both circuniferences were measurced with a flexible
stcel tape to the nearest millimeler, and with the
child in a secaled position Hcad (fronto-occipital)
carcumfercnce was measurcd as the maximum
circumfcrence of the hcad with the tape passing
above (but not including) the supra orbital rnidges
and over the maximum occipital prominence
Care was taken to cnsurc that the tape passed
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Tance 1. Means and standard deviations for the head-cliest circumflerence ratios (H/C ratio) and the ratio of mean head
and chest circumflerences (H/C ratio) in Guatemalan and Denver children.

) 2GS

i Boys Girls

! Guatcmala Decnver Guatemala Denver

H,C ratio H/C ratio | H/C ratio H/C ratio H/C ratio  H,C ratio !

i A i ' | ' ! _

' group ' ! ' | ' :

(months) X S.D. X X X | S.D. X ; X

Birth 108.6 | 6.1 108. 1 106.5 108.5 ' 3.4 108.5 . 103.6 |
0.s ;  105.1 4.8 104.8 st 105.1 i 5.7 1049 | - -°
3 101.4 4.7 101.3 101.3 102.3 | 4.5 101.9 | 102.1
6 101.9 4.5 101.7 100.2 100.8 | 4.5 100.5 | 99.5
9 103.0 4.4 102.6 99.6 101.7 ! 4.3 1.7 ! 99.8
12 101.7 4.5 101.6 99.4 101.7 4.6 101.6 99.8
IS 101.1 4.2 100.9 el 100.9 4.8 100.7 —
13 100.6 4.3 100.4 99.4 100.2 4.5 100.0 99.8
2 99.3 4.1 99.1 — 99.7 4.3 99.5 —
24 98.4 4.2 98.3 99.8 98.3 4.5 98.3 100.2
30 96.5 4.1 96.3 99.6 96.6 4.5 96.4 |  100.4
36 95.0 3.9 94.8 99.0 95.0 4.7 94.9 100.0
a2 93.6 | 4.0 93.4 98.3 95.0 | 3.9 9.8 |  99.0
48 92.6 4.1 92.4 97.7 93.5 4.2 93.3 | 98.6
60 90.7 4.4 90.6 95.7 92.1 3.9 92.0 96.6
72 89.3 4.2 89.3 94.3 90. 1 3.9 89.8 94.3
84 . 87.1 3.8 87.0 90.7 89.0 3.6 88.8 91.8

*Information not availablc at these ages.

around the head at the same level on each“side.
Firm pressure was applied to the tape to compress
underlying hair. Chest circumfercnce was measured
at mid-respiration with the tape placed at the
level of the xiphoid process and below the inferior
angles of the scapulae. The tape was applicd in
such a manner as to permit skin contact without
compression of underlying tissues.

Mcasurcments were made at birth and at 16
specific age intervals through 84 months. The
specific age intervals and sample size per age
group arc indicated later in the report. The per-
mitted variation around the measurcment inter-
vals was +3 days at 15 days of age, -5 days
from 3 through 24 months of age, and -7 days
from 30 through 84 months of age. Prior to
analysis, head and chest measurements  which
seemed unusual for the age of the child were
checked and discarded if not verified by re-
mcasurement, The rale of discard was approxi-
maltcly 0-4%,.

Mecasurcment variability estimates for the H/C
ratio were obtained from the following routine
procedure. Each week a random sample of 109
of all subjccts examined the previous week is
re-mcasured following the standard ficld pro-
cedure. The mcasurement standard deviation of
the H/C ratio was obtained from a repeated
measure analysis of variance which cflectively
controlled for short-term growth. The results
were that the measurement standard deviation of
the ratio was 2:6% (n = 144 replicalcs).

For comparison with the modcrately-mal-
nourished Guatemalan sample, the reported data
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on head and chest circumference of Denver
childrent™ arc used as an example of a well-
nourished population. The H/C ratio was derived
from the rcportcd means of head and chest cir-
cumferences of the Denver data.

Results
Mecans and standard deviations for the H/C
ratio derived from individual Guatemalan children,

along with H/C ratios dcrived from Guatemalan
and Amecrican age-specific mean head and chest
circumferences are presented in Table 1. As
expected, the H/C ratio decreases with age. The
mean H/C ratios approximate 100% in Gualte-
malan children of both scxes at |18 months and
arc lower than 100% at 21 months of age, indi-
cating a cross-over of the two measurenments
approximalely onc ycar later than that reported
for well-nourished children(*=?, Variation around
the mecan H/C ratio values, as expected, is con-
sidcrable so that at 3 months of age some children
alrcady have chest circumferences' larger than
head circumfercnces. Conversely, at the older
ages studicd some children have larger head than
chest circumferenccs.

The age-sex specific variability in the H/C
ratio falls slightly with age, the mcdian standard
deviation being 4:2%. This variability is of similar
magnitlude in middle-class Japancse children®,
As mentioned previously the measurement stan-
dard dcviation of the H/C ratio is 2:6 %. Therefore,
the ratio of thc mcasurement variance (6-76) to
the median population variance (17-64) is 38%:
That is, 38% of the population variance of the

anirnnm‘!n'nl rh;'f' "ﬂ—:l"\ Agomeert INTC
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H/C rato s duc to vanubility i measurcment
and cannol scrve to caplain or be explained by
other varniables such as nutriton. The corres-
ponding statistics for length and weight, two
commonly used indicators of nutritional status,
are 1 and 6% respectively in our samplet!9),
Therefore, the H/C ratio, from mecasurement
vaniabuity cnteria alone, scems to be a poor
index of nutritional status.

It is apparent in Table I that age-specilic mean
H/C ratios denved from individual Guatemalan

children are essentially identical with H/C ratios
derived from age-specific mean head and mean
chest circumferences, Similar observations dre
evident in the data reported by TeraADA and
Hosui® on Japanese children 1 through 36
months We tale this to indicate that the rauo of
the means 1s statstically adequate for population
estimates of the H/C rafio. However, variability
cannot be estimated for the ratio of the means.

As staled earlicr, the H/C ratio crosses 1009
between 18 and 21 months for both Guatemalan
boys and girls In the Denver sample howevcr,
the situation is more complex In Denver boys,

the H/C ratio crosses 1009, between 6 and 9

months while in girls the H/C ratio does not finally
cross 1009 until after 36 months. While Denver
boys and girls may differ in terms of the age at
which head caircumference becomes less than
chest circumference, n fact, if we look at the ratio
as a continuum, both sexes are quite similar in

terms of the ﬁ/?: ratio. For both Denver boys

and girls, the H/C ratio fluctuates between 9909,
and 100 4%, quite a narrow range, from 6 through
36 months of age. This indicates that Denver
children over thesc ages have mean head and
chest circumferences thdt are approximately
equai In size

Discussion

Between 3 and 24 months, Guatemalan and
Denmver children have H/C ratios that are fanly
stmilar In other words, there 1s no apparent
substantial difference between malnourished
Guatemalan and better-nourished Denver chidren
10 the ratio of mean head and chest circumference.
Conscquently, the H/C ratio docs not seem to be
a good discrrminator between these (wo popu-
lations of varying nutritional status. Furthermore,
the adequacy of the H/C ratio as an index of
nutntional status 1s questioned by the fact that
after 24 months the H/C ratio 1s actually smaller
in Guatemalan children than in Denver children.
That s, after 24 months, Guatemalan children
have~lar¥er chest relative to hecad circumference
when compared to Denver chuldren This reflects
a greater stunuing 1n head circumfeience relative
to chest circumference in Guatemalan childient®d,

Since the H/C ratio cannot discriminate popu-
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lations, 1t 18 certaan that the ratio would also lack
the power 1o dosungunh individudls fiom the two
populations, The varability in the individual
head and chest circumfcrence measures dre similar
in the Guatemalan and Denver dataf® 'Y, Further,
the variability in the H;C ratio ts similar in Guate-
malan and muddle-class Japanese childrent™
Consequently, it 1s reasonable to assume that the
variability 1in the H/C ratio noted in our popu-
Jation 1s quite sinular to that which would be
observed 1n the Decnver data. Judging from the
fact that the H/C ratio 1s quite close to 1007, up
1o about 4 years of age 1n the Denver sample, and
assunung a slandard deviation of around 4%, as
in the Guatemalan sample, a quarier or morc of
Denver children from one lo four ycars of age
would have ratios greater than 100% and con-
scquently be classified as madlnounished This
suggests poor speciheity of the H/C r asatio a
discriminator of nutiitional status,

In contrast, alter 2 years of age, the H/C rauo
would not classify as many childrcn as bzing
malnourished 1n the Gualemalan sample as 1t
apparently docs in the Denver sample, suggesting
low scnsitivity for the ratio. The variation in
H/C ratios among Guatemalan children is more
appdarent in the percentiles presented in Table 11
At two years of age, for example, 25% of the
children have H/C ratios of 1007 or higher. At
three years of age, approximately 10% of the
children have H/C ratios of 10094 or higher. It 1s
not until four years of age in the rural Guatemalan
sample of boys, and lLive years of dgc in the
sample of girls that only 1% of the children have
H/C ratios of 100Y or higher.

One can ask whether the small percentage of
chuldren at 4 who have a ratio of 100 or higher are
in fuct childien with markedly rctarded growth,
The result of this analysis 1s presented 1in Table 111
where the length, weight, head and chest circum-
ference of 22 such 4-ycar-old children are expressed
in lerms of the sex-specihic percentile distribution
of the study sample( ) Included in this analysis
are children medsured subsequent (o the prepa-
ralion of Tables I and Il so as to increase sample
size. It is clear that in comparison to the study
sample, these children are normal with respedt
to length and only slightly hghter in terms of
weight. They are not thercfore, more retarded
than the population from which they were drawn
1t should be pointed out thdt nonc are below the
third percentile for length or weight. Further, of
the 22 children, 18 had normal weight for lengih
and 4 fell within 90 to 80 percent of the standardtV,
In terms of head circumference, they are some-
what larger than the gencral population while 1n
chest circumference they tend to be small Thus,
it appecdrs that the H/C rauo identifics children
who, with respect to the study sample, have large
heads, small chests and typical length and weights.
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TasLe H Percentiles for the head-chest circumference ratios in rural Guatemalan Ladino children

Boys
Age Percentiles
group _———— e — ——
(months) n 3 10 25 50 75 90 97
Birth 25 104 109 111
05 118 97 100 102 105 107 110 112
3 202 93 96 98 102 104 107 110
6 194 94 97 98 102 104 107 108
9 191 95 97 100 103 105 108 It
12 186 93 90 98 101 104 107 108
5 185 94 %6 98 101 103 105 108
18 174 93 95 9% 100 103 [0S 108
21 162 91 94 96 99 101 104 106
24 180 90 93 96 o8 100 103 105
10 163 90 92 23 96 98 101 104
16 164 B8 20 93 94 97 99 101
42 166 87 89 91 23 95 98 100
48 157 86 87 90 93 94 Y7 99
60 142 8l 85 88 91 93 95 97
72 127 30 84 87 39 91 94 96
B4 115 81 82 34 87 89 91 93
Grls
Age Percentiles
group .
‘Unonlhc) n 3 10 25 50 75 90 97
Birth 12 105 108 111
05 107 95 9y 102 105 108 111 114
k! 160 04 97 99 102 104 106 181
[ 159 91 95 98 101 103 105 108
9 158 93 96 99 101 104 106 109
12 154 94 97 99 102 103 106 11)
IS 142 93 95 98 100 103 106 110
13 153 92 95 97 100 102 105 108
21 136 92 95 97 100 101 104 106
24 141 91 PA) 95 98 100 101 106
30 150 89 91 9} 96 99 102 104
16 |43 86 90 92 95 97 100 103
4?2 146 83 90 92 95 97 99 101
48 148 86 xR 91 93 9s 98 101
60 149 RS 87 90 )2 94 96 OH
72 IRk n 85 87 90 92 95 97
84 118 81 34 86 89 91 91 95

In conclusion, while the ratio of head to chest
circumference may be useful 10 dentify severcly
malnounshed children, the evidence examined
suggests that the ratio hds no power to discrimi-
nate cither populations or individuals who are
well nounished from those moderately malnounished

Summary

Thus report compares moderately-malnourished
Gudtemalan children, birth to seven years of age,
and well-nounshed Denver children of simular
age 1n terms of the ratio of head to chest cirenme-
ference (H/C ratio)

The mcan H/C ratios were very simular i both
populations from 3 to 24 months while after 24
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months the mean H/C ratios were actually smaller
in the Guatemdlan sample The ratio thercfore,
was not uscful i detecting differences 1in nutri-
tional status between the populations studied It
was cstimated that after (wo yedrs of age, the
H;C ratio would, contrary 1o cypeclations,
classify a greater percentage of Denver than
Guatemalan children as having H/C ratios greater
than 100%. and hence, as malnounished Further-
moie, four-year-old Gudtemalan children with
H/C ratios of 100%, or more had typical lengths
and wcights when compared to the generdl popu-
laion  In conclusion, the cvidence presented
suggests that the H/C ratio has no power to
discriminate either populations or individuals
who dare well nounshed or moderatcly mal-
nourtshed
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Patterns of Cortical Bone Growth in
Moderately Malnourished Preschool Children

By J. H. Himes,! R. Martorell,2 J-P. Habicht,2
C. Yorbrough,2 R. M. Maline,! ond R. E. Klein?

ABSTRACT

The growth patterns of five measures of second metacarpal cortical bone are
described for a mixed-longitudinal sample of 710 rural Guatemalan pre-
school children with mild to moderate protein-calorie malnutrition, and are
compared to well-nourished children. The Guatemalan children are severely
retarded in metacarpal growth compared to the well-nourished children
of the same age and sex. Further, when compared to well-nourished chil-
dren of the same stature and weight, the Guatemalan children have less
metacarpal cortex for a given body size. Retardation in metacarpal cortical
bone in the moderately malnourished children is not only a reflection of an

overall smaller body size, but suggests a differential skeletal response to nu-
tritional stress.

Severe protein-calorie malnutrition in laboratory animals is associated
with characteristic alterations in bone growth including thinned cor-
tices, osteoporosis, medullary expansion, coarse trabeculation, lines of
arrested growth and overall growth retardation (Pratt and McCance,
1960; Dickerson and McCance, 1961; Adams, 1969). Osseous changes
similar to those produced in experimental protein-calorie malnutrition
have also been reported for children with frank protein-calorie malnu-
trition ( El Nawaby et al. 1962; Garn et al. 1964, 1969; Adams and Ber-
ridge, 1969). However, there is little information concerning bone
growth in children who suffer from mild to moderate or subclinical pro-
tein-calorie malnutrition, even though such malnutrition is widespread
in many parts of the world (]Jelliffe, 1966; Béhar, 1968).

One finding perhaps related. to the retarded bone growth in mal-
nourished children is that protein-calorie malnutrition, even in its

1 Department of Anthropology, University of Texas at Austin, Austin, Texas
78712.

2 Division of Human Development, Institute of Nutrition of Central America
and Panama, Guatemala City, Guatemala, C.A.

Muman Biology, September 1975, Vol. 47, No. 3, pp. 337-350.
©Wayne State University Press, 1975
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milder forms is also associated with an overall growth deficiency in
body size (Dreizen and Stone, 1962; Guzmaén, 1968). With a deficiency
in the growth of bone and body size accompanying protein-calorie mal-
nutrition, it may be that both bone dimensions and body size are uni-
formly retarded, thus reflecting an overall retardation in body growth.
Preliminary analyses of our data (unpublished) have shown that in
mild to moderately malnourished children second metacarpal cortical
bone and body size are positively correlated.

The purpose of this report is to describe the growth patterns of
selected measures of second metacarpal cortical bone in 2 mixed-longi-
tudinal sample of mild to moderately malnourished Guatemalan pre-
school children in reference to well-nourished children, and to deter-
mine if the diminished bone growth of the Guatemalan children is
proportionate to the retardation in stature and weight,

MATERIALS AND METHODS

The present investigation is part of a longitudinal study investigat-
ing the effects of mild to moderate protein-calorie malnutrition on
physical growth and mental development which is being carried out by
the Division of Human Development at the Institute of Nutrition of
Central America and Panama (INCAP) (XKlein et al. 1973). Children
in the study are participants in a voluntary dietary supplementation
program being conducted in four rural Ladino villages in Guatemala.
Before the institution of the project, village children suffered from var-
ious degrees of protein-calorie malnutrition, much of it severe. The
supplementation program, which includes medical care, has now al-
most eliminated clinical or severe protein-calorie malnutrition and has
greatly reduced the previously high childhood mortahty. None of the
children in the present sample suffer from clinical malnutrition yet there
are very few children who are adequately nourished. The dietary pat-
terns and biochemical findings of rural Guatemalan children have been
well documented through a national nutrition survey conducted by
INCAP (1969) which indicated that young children generally suffered
from mild to moderate protein-calorie malnutrition. These national
findings were substantiated in a subsample of our study population
(Habicht et al. 1973). Anthropometric indices of nutritional status are
consistent with the dietary and biochemical findings, indicating re-
tarded growth in height, weight and skinfolds (Habicht et al. 1974,
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Malina et al. 1974, in press; Yarbrough et al. in press). Further, when
supplemented regularly with protein calories, village children demon-
strated weight gains which did not differ significantly from ‘those of
well nourished children (Habicht et al. 1972).

The study sample is mixed-longitudinal and consists of 1729 annual
anthropometric examinations of 710 Ladino children 1 to 7 years of age.
The present analyses are concerned only with attained growth and
treat the data cross-sectionally so that each child may be represented in
the total sample more than once. The cross-sectional values are com-
pletely consistent with those obtained from the fully longitudinal por-
tion of the sample. Specific understanding of attained growth is
necessary before changes in growth may be properly evaluated. Inves-
tigations of longitudinal growth changes are part of the research in
progress and will be dealt with specifically-in a subsequent report.

All examinations were made within 7 days of the child’s birthday.
At each examination standardized radiographs of the left hand and
wrist were taken at a fixed tube distance of 76 cm, centered over the
head of the third metacarpal, and with Kodak no screen X-ray film. For
children 1 year old the X-ray exposure was 15 milliamperes and 65 kilo-
volts at 48/60 of a second time, while children 2 years and older had
an exposure of 15 milliamperes, 65 kilovolts and 1 second time. Stan-
dard procedure included appropriate screening and quality safety con-
trol (Division de Desarrollo Humano, INCAP, 1971).

The periosteal (PD) and medullary (MD) diameters of the sec-
ond metacarpal were measured at the midshaft point (excluding the
epiphysis). by a single observer (JHH). Metacarpal diameters were
measured with a graduated loupe to the nearest 0.1 mm. Cortical thick-
ness (CT) was obtained by subtraction of the medullary diameter from
the periosteal diameter. An estimate of the cross-sectional cortical area
(CA) was calculated assuming a cylindrical model: CA = 0.785 (PD? —
MD2?) (Gam, 1970). The relative amount of the periosteal area oc-
cupied by cortex (percent cortical area) was estimated: PCA =

2 2
(P ) - 100 (Garn, 1970).

The observer measurement variability for the bone variables was
estimated from 25 replicate measurings across all azes. T'tb‘c 1 pre-
scnts the measurement standard deviations and the racaer ~ooncnt vari-
¥ ilities relative to tiie population variabilities ot & eingle wye J'.ar cach-
of the bone variables. There was no apparent change in mc..:surement
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Table 1
Measurement Variability for Cortical Bone Variables
Variable Se R

Periosteal
Diameter (mm) 0086 0.021
Medullary
Diameter (mm) 0.10 0.042
Cortical
Thickness (mm) 0.11 0.118
Cortical
Area (mm?2) 0.52 0.071
Percent
Cortical
Area (%) 3.21 0.105

S, = standard deviation of the measurement
3d2 d = difference between replicate measurings

2n  n = number of pairs
R = Ratio of variance in measurement (S_2) to population variance at a
single age ( Habicht, 1974).

variability with age. Although there are few directly comparable data,
these variability values are well within published figures for similar
studies of bone growth (Adams et al. 1969; Mazess et al. 1970).

REesuLTs

The age-specific means and standard deviations of attained growth
in the bone variables are presented for boys and girls in Table 2. In
general, boys have greater mean periosteal diameter, medullary diam-
eter and cortical area than girls, while girls have greater cortical thick-
ness and percent cortical area.

Figures 1 and 2 present the age-specific means of the cortical bone
dimensions for the Guatemalan children compared to those for better
nourished U.S, white children from the recent 10-State Nutrition Survey
(Garn et al. n.d.). In both populations, periosteal diameter, cortical
tnichness, cortical area and percent cortical area generally increase
from 1 to 7 years in an approximately linear fashion, while there is hittle



Table 2

Merns and Standard Deviations of Attained Second Metacarpal Growth

Periosteal Medullary Cortical Cortical Percent
Diamcter Diameter Thickness Area Cortical Area
(mm) (mm) (mm) (mm?2) (%)

Age n Mean SD Mean  S.D. Mean SD Mean SD. Mecan S.D.

BOYS Q
1 185 399 035 314 0.38 0.85 024 474 139 3769 883 %
2 176 428 039 324 0.46 104 030 6.09 1.74 42.36 10.11 §
3 167 4.62 040 335 052 1.27 0.31 7.88 1.74 47 32 10 34 ;
4 144 4.90 04]) 3.36 0.52 1.54 032 992 192 52.79 973 4
5 125 510 0.41 337 0.55 1.72 034 11.37 2.12 56 00 9.73 o
6 76 5.26 041 3.38 053 1.87 032 12 59 2.06 58 37 876 9
7 48 542 046 320 054 213  0.30 1452 228 6307 766 &

Total 921 s

GIRLS
1 182 371 0.34 2.86 037 084 0.22 4 34 1.14 40 14 912
2 154 398 0.35 293 043 105 0.31 564 158 45 36 1090
3 151 425 040 2.93 047 132 032 738 1.80 52.12 10 27
4 129 451 038 292 049 159 036 9 22 199 57.70 10.40
5 100 4.79, 0.41 2.92 0.53 1.79 037 10 67 2.18 G120 1009
6 50 493 042 2.87 049 205 040 12.47 2.48 65 50 894
7 36 521 0 49 2.81 049 235 0.34 14.65 216 70 12 7.49

Total 308

144
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change in medullary diameter. The Guatemalan children are signifi-
cantly retarded (p <.001) in periosteal diameter, cortical thickness,
cortical area and percent cortical area compared to better nourished
children. On the other hand, the Guatemalan boys have consistently
greater medullary diameters than the U.S. boys, while the mean medul-
lary diameter of the Guatemalan girls approximates that of the U.S.
girls throughout the age range.

The absolute deficiencies in metacarpal dimensions of the Guate-
malan children generally fall at least 1 standard deviation below the
U.S. means. These deficiencies are rather constant throughout the age
range. However, Guatemalan children show an apparent catch-up in
percent cortical area relative to the U.S. children, because cortical area
is increasing while medullary diameter is constant.

If the smaller cortical dimensions of the Guatemalan children only
reflect overall retardation in body growth, then the well-nourished
children and the Guatemalan children should have similar bone dimen-
sions for a given body size, eyen though the Guatemalan children are
significantly shorter and lighter than well-nourished U.S. children (Yar-
brough, et al. in press). In Figures 3 and 4 age-specific means for
cortical bone variables are presented relative to age-specific means for
stature and weight of the U.S. and Guatemalan children. The Guate-
malan body size data presented here are representative (no age and
sex-specific mean differences greater than 1.0 cm or 0.4 kg) of that
given in Yarbrough et al. (in press).?

Guatemalan children at age 1 start with less periosteal diameter,
cortical thickness, cortical area and percent cortical areg, for a given
stature or weight than the well-nourished children. For most of the
bone variables this deficiency decreases slightly throughout the age
range, and for percent cortical area for body size it decreases markedly
from 1 to 7 years. As medullary diameter changes little from 1 to 7
years- of age (Figs. 1 and 2) there is little overall relationship with
stature or weight. Thus, medullary diameter for a given body size is
virtually the same for the U.S. and the Guatemalan children, although
Guatemalan boys have, on the average, slightly, but consistently greater
medullary diameters for body size than the U.S. boys.

1 Stature in Guatemalan children was messured as recumbent length while
stature in the U.S, 'sample was measured standing for children two years of age
and older. Therefore, 1 ecm was added to the U.S. mean stature values at those
azes in order o riaka them more coiaparable to the recu:rbsat lezgth of the
Gartemmalon ciilder,
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The deficiencies of the Guatemalan children in periosteal diameter,
cortical thickness, cortical area and percent cortical area for body size
are too large to be explained solely by the Guatemalan measurement
vanability (Table 1) and the inter-observer measurement variability
for the U.S. sample (approximating 0.15 mm; Garn, personal communi-
cation). Thus, the retardation in cortical bone growth of the Guate-
malan children compared to the well-nourished children is not only a
reflection of stunted body size because, except for medullary diameter,
the Guatemalan children have absolutely smaller cortical dimensions
for a given stature or weight.

DiscussioN

The moderately malnourished Guatemalan children when com-
pared to well-nourished U.S. children have significantly smaller perio-
steal diameters but medullary diameters which approximate, and in the
case of the boys exceed, the U.S. values. Therefore, the Guatemalan
children have relatively expanded medullary diameters for their peri-
osteal diameters, and consequently, absolutely thinner cortices and
smaller cross sectional areas of cortex. Similarly, having smaller bones
with less cortex, the percentage of the metacarpal cross-section occu-
pied by cortex or percent cortical area is severely reduced.

These differences in metacarpal cortical bone between the Guate-
malan and U.S. children are qualitatively similar to those reported for
children with severe protein-calorie malnutrition compared to local
controls (Adams and Berridge, 1969; Garn et al. 1969), with the ex-
ception that periosteal diameter was either not different or slightly
larger in hospitalized children with kwashiorkor compared to village
controls who suffered from mild to moderate malnutrition. Thus, in the
previous studies the comparisons made were between severely mal-
nourished and moderately malnourished children, rather than between
well-nourished and severely malnourished children. This suggests that
chronic protein-calorie deficiency may be a more important factor in
retarding periosteal diameter growth than the more acute often rapidly
precipitated bout with kwashiorkor. A similar retardation in periosteal
diameter growth is also seen in children malnourished due to celiac
disease (Barr et al. 1972).

The growth deﬁc1ency in bone of th: Guatemalan children is of
acded interost in bt of the ¢hildren’s sm. 1lol] ly size. The sturting in
Lody size seen in Guetemala is primarily d 1e to ‘environmental factors
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(Habicht et al. 1974). Thus, it is of interest to inquire whether bone
growth and body size respond uniformly to environmental stress. One
would then expect smaller children to have proportionately smaller
bone dimensions, which would account for some of the absolute differ-
ences in bone between the Guatemalan and U.S. children. However,
when compared to the U.S. children, the Guatemalan children have not
only absolutely less metacarpal cortical bone but also smaller corticdl
dimensions relative to their stature and weight. This is to say that the
Guatemalan children are retarded in bone and body size but the de-
ficiency in bone is greater than that which would be expected if the
diminished bone dimensions only reflected overall stunting in body size.
Similarly, when Garn et al. (1966) compared tibial cortical measure-
ments of frankly malnourished Jamaican children with those of well-
nourished Ohio children of comparable tibial length, thus partially
correcting for height, the malnourished children had greatly reduced
cortical thickness, cortical area and percent cortical area compared to
the well-nourished children. Thus, these findings and those of the pres-
ent study concur in that the deficiencies in bone growth seen in moder-
ately malnourished children show a skeletal response to malnutrition
above and beyond a retardation associated solely with body size, al-
though measures of cortical bone are related to body size.
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Sibling Similarities in Number of Ossification Centers of the
Hand and Wrist in a Malnourished Population

By Renaldo Martorell,' Charles Yarbrough,? John H. Himes® and Robert E.
Klein2

ABSTRACT

Sibling correlations in the number of ossification centers of chronically
malnourished Guatemalan children, 1 to 7 years old, are presented. Sister-
sister correlations were found to be similar to brother-brother and brother-
sister correlations. Sibling correlations for the Guatemalan sample were
similar to those reported for U.S.A. children in the case of brother-brother
and brother-sister correlations. Sister-sister correlations were, however,
lower in the Guatemalan sample. These findings are not in general agree-
ment with predictions made to the effect that sibling correlations should
be lower in malnourished children.

Garn, Rohmann and Davis (1963) reported that in well-nourished, Ohio-
born white children, genetics appeared to account for a major proportion
of the variance in the number of ossification centers present at a given
age, and in the time of appearance of specific hand-wrist centers. These
conclusions were based on interpretations of patterns of parent-child,
sibling and twin correlations. These authors hypothesized that “at lower
levels of nutrition” the relative weight of genetics and nutrition could well
reverse. Indeed, it follows from the theory underlying the notion of esti-
mated heritability that as the environmental variance increases, the esti-
mated heritability decreases.

In the present study we examine sibling correlations in the number of
ossification centers of chronically malnourished Guatemalan children 1 to

7 years old, and compare them to those published for well-nourished
children at the same ages (Garn et al. 1963).

METHODS

The study took place in four rural Ladino communities of Guatemala.
Protein-calorie malnutrition (Lechtig et al. 1975) and high morbidity

‘le Rmmrch Institute. Stanford Um\u srsity, Stanford, (.'1h|'nrnm 01305.
o L PRI Covese ol Nutridien of Centinh A 2 e T Panama
GLOAT ! SRR D ESH Cnota G ity (u.l(.mlh C.A.

?The Fels Research lnstmltc Y( llnw Spnngs Ohio 45387.

Human Biology, February 1978, Vol. 50, No. 1, pp. 73-81.
€ Wayne State University Press, 1978
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(Martorell et al. 1975) are endemic in these communities, and physical
growth of children is stunted (Yarbrough et al. 1975).

Radiographs of the left hand and wrists were obtained at 3 and 6
months of age and then serially every 6 months until 4 years, after which
time X-rays were taken annually until 7 years of age. The age tolerances
were = 7 days during the first two years, and = 15 days thereafter. With
the exceptions of the pisiform and sesamoids, each radiopaque center of
ossification (carpals and epiphyses) was identified on the radiographs and
counted to obtain the number of ossified centers present (Yarbrough et al
1973). All information utilized was collected between January 1969 and
July 1975.

RESULTS

The mean number of ossified hand-wrist centers at ages 0 25 through
7 vears is shown in Table 1 for Guatemalan boys and girls. As is true of
other populations 1n both developed (Reynolds and Asakawa, 1951, Garn
and Rohmann, 1960) and developing nations (Massé and Hunt, 1963,
Malcolm, 1970), guls are more advanced in sheletal maturity than.boys.
The greatest differences between sexes, ranging from 5.7 to 6 7 centers,
occur in the age range of 1.5 to 3.0 years.

Table 1
Mean Number of Ossified Centers in Guatemalan Boys and Girls

Boys Cirls

Ape

(vears) n X SD n X SD
10 256 271 152 235 526 J 83
15 282 422 243 226 987 547
20 302 715 4 49 261 1389 570
25 313 10 82 4 Y6 273 17 52 523
30 330 14 42 4 90 287 20 06 418
35 312 17 26 442 282 21 72 314
10 307 19 50 3 40 276 22 B9 218
50 286 22 18 199 267 24 43 1 83
60 262 23 53 170 248 26.04 170

70 253 25 05 182 233 27 13 124
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Among well-nounshed children, the number of centers tend to be
more variable for girls than boys at a fixed chronological age (Garn and
Rohmann, 1960). For the Guatemalan children, this is true throughout
the first 2% years of age. Thereafter, until they are 7 ycars old, vanances
are equal or shghtly higher for boys (Table 1). However, a closer look at
the data reveals that some of the differences in variability largely disap-
pear when boys and girls are compared, not at a fixed chronological age,
but at comparable levels of skeletal matunty, or number of centers Fig-
ure 1 shows that in regaid to skeletal maturity girls are always more
variable than boys, except at the extremes of the mean number of centers
These differences, however, are neither large nor stabstically significant
(1 e at pont of greatest diferences, F = 1 33, §;/; = 261/313, p>0 05)

Previous studies have shown that compared to U.S A children, rural
Guatemalan children are retarded in the number of ossification centers
present (Blanco et al. 1972, Yarbrough et al 1973) In our study sample,
Guatemalan girls are more 1etarded than U.S A. girls at 2 years of age

- “ pe—ea-a Qirls

30 - - N

Varnance
{NOCS)

Msan (NOCS)

Fi1c 1 Relationship between age-sex-speafic means and vanances of number of ossifica-
tion centers (NOCS) of Guatemalan children
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74 //-\ o——e Boys

. A% swe==n Girls

Differances
in NOCS
{ Ohio-

Guatamala)

-1 — -

10 15 20 25
Guatemalan means {NOCS)

on

8 Garn and Rohmann (1980} report 50th percentiles A comparison of
thess values and mean values reported for the same Ohio boys
(Yarbrough et al, 18973) reveals small diferrences which would not
a{ter the conclusions drawn from this Figure

e 2 illirence between Ohie® and Guatemalan children i number of osufication
venters (NOCS) present plotted as a function of the Guatemalan NOCS medn

(Garn and Rohmann, 1960), while in Guatemalan boys masimum retarda-
tion occuts at 2% years of age. As in the case of variances, sex differences
i the pattern of 1ctardation seem to be a function of differences in the
1ate of maturation tather than in chronological age. The sex-speafic dif-
ferences 1 number of ossification centers between Guatemalan and
U S.A. children, relative not to age but to the number of centers present,
are shown in Figure 2. The periods of greatest retardation occur when
Guatemalan children have 10 to 15 centers The fact that girls are more
behind at the pomnts of peak retardation,' reflects perhaps that girls
reached 10 to 15 centers before two years of age, at a tme when nutn-
tional and health status is likely to be poorest.

Sibling correlation coeflicients for the number of ossification centers
are presented in Table 2 for Guatemalan and U.S. duldren Sibling corre-
lations are similar in brother-brother, brother-sister and sister-sister
compansons n the Guatemalan sample. This is contrary to the findings of



Table 2

Sibling Correlations in the Number of Ossification Centers in Guatemalan and U.S.A. Children

Cuatemala USA!
Brother- Brother- Sister- Brother- Brother- Sister-
Brother Sister Sister Brother Sister Sister
Age
(years) n r n r n r n r n r n r
1.0 128 019 81 031 100 020 52 015 82 019 33 065
15 144 045 99 034 94 0 46 53 032 106 0 46 45 0 66
20 162 038 124 049 122 0352 57 047 104 0.42 37 04
2.5 188 044 142 049 152 057 o4 03 101 026 51 0 46
30 176 051 159 047 148 041 57 043 107 030 49 033
3.5 170 0 50 152 043 133 041 58 0.50 103 038 43 042
40 160 044 165 037 124 019 o4 0 36 101 033 44 065
50 134 044 138 031 144 0 40 o4 034 97 047 39 075
6.0 106 049 124 029 146 049 ol 0.38 84 048 30 067
70 112 048 115 017 146 024 47 063 79 065 22 0.4
Average? 1480 044 1299 039 1314 0 40 337 040 964 040 393 060

'From Garn et al. (1963)
2Summary correlations based on all possible comparisons within a family, weighed z-scores lollowing Snedecor and Cochran (1967)
Because n both the U S A and the Guatemalan sample, children are included at more than one age group, and because children may
appear as often as they have sibs, standard tests of sigmificance are not appropriite

uoypaAfissQ Jsu-pupg] up sayupjung uyqig
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Garn and colleagues (1963, 1969) which show sister-sister correlations _to
be the highest in Fels data, suggesting strong X chromosome involvement
in ossification parameters. Sibling correlations for brother-brother and for
brother-sister are of similar magnitude for Guatemalan and U.S. children.
Sister-sister correlations, however, tend to be higher in U.S.A. data.

DISCUSSION

With the exception of sister-sister correlations, sibling correlations in .
the number of ossification centers are similar in well-nourished U.S.
children and poorly-nourished children from rural Guatemala. A similar
finding was observed in comparisons of parent-child and sibling correla-
tions for height between Guatemalan and European children (Martorell
et al. 1977). Moreover, Mueller (1976) who reviewed 24 studies of
parent-child correlations in stature and weight, found considerable over-
lap in the magnitude of correlations from well-nourished and mal-
nourished populations. Because malnourished children are substantially
retarded, not only in physical growth (Habicht et al. 1974), but iir skeletal
age as well (Drcizen et al. 1961), the environmental component of the
phenotypic variability should increase, reducing the resemblance esti-
mate as seen in the correlation between relatives in well-nourished popu-
lations. However, the present data are not generally supportive of this
hypothesis.

Sibling-sibling correlations in growth are always greater than those for
parent-child (Garn and Rohmann, 1966). This is probably due to greater
environmental similarities between siblings than between parent and
child. Furusho (1963) has shown that siblings closer together in age, have
higher correlations for stature than siblings farther apart in age, but only
when there are considerable environmental differences between the lat-
ter sibs. It may be that in rural Guatemala sibling correlations are unex-
pectedly high because siblings share a common environment to a greater
degrec than in the United States. This hypothesis, however, does not
adequalely explain the higher than expected parent-child correlations for
height, unless one posits strong transgenerational environmental corre-
lates.

It may be that in the four apparently homogeneously poor villages
covered by our study, environmental conditions, though not optimal for
growth and development, are not that different across families. In other
words, cluldren would be stunted in growth more or less uniformly, in
such a way that genetic correlations would be undisturbed. This
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hypothesis, however, cannot satisfactorily explain the increased height
variances observed in rural Guatemala. For instance, vanances in height
from birth to 7 years of age for rural Guatemalan children (Yarbrough et
al. 1975) are typically over 50% larger than those for Denver children of
the same age (Hansman, 1970).

Strong assortative mating for traits, rellecting growth and matunty
parameters, may raise sib correlations. However, we think this hypothesis
is unlikely, since the husband-wife height correlation in rural Guatemala
is 0.09 (n = 260, N.S.) a value much lower than 0.3, the correlation
usually reported for well-nourished populations (Spuhler, 1968; Tanner et
al. 1970).

In the four rural Guatemalan villages studied, mates are generally
found within, or close to the community. Hence, we suspect that inbreed-
ing may be higher than in well-nourished populations from the U.S.A.
Therefore, genctic correlations would be higher, to the extent that
Guatemalan siblings are more related to one another than expected.
Therefore, one would have to correct for inbreeding, before comparing
correlations in the two populations of interest to this study.

Concerning sex differences in sib correlations for number of centers,
we should note that the original sample sizes reported by Garn et al.
(1963) are quite small. The greatest number of brother-brother pairs re-
ported is 58, and the greatest number of sister-sister pairs, 51. Using
those as estimates of the appropriate sample sizes for a test of the dif-
ference in correlation sizes utilizing the standard Fisher transformations
of the average correlations, we get t = 1.36 (0.10<p>0.05). Thus, we
conclude that it is not overwhelmingly certain that sister-sister correla-
tions are in fact higher than those between brothers.

\We entertain the possibility that in both the Fels and the Guatemalan
samples, the true sib-sib corrclation for number of hand-wrist centers is
approximately 0.4, regardless of sex. We are not suggesting, however,
that sex differences do not cxist in the magnitude of sib correlations for
other growth and maturational variables (Palmer, 1934, Hewtt, 1957).

Sibling correlations for the number of hand-wrist ossification centers
are as high in rural Guatemala as in the U.S,A. Similar findings have been
reported for height and weight for various poorly-nourished populations
(Mueller, 1976, Martorell et al. 1977). Whether the uneapectedly high
correlations result primarily from genetic and/or environmental fac-
tors is dufficult to determine. Sibling and parent-child correlations in
well-nourished populations have been traditionally interpreted as largely
reflecting the influence of genctic factors (Garn et al. 1976). Analyses of
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resemblances in height, weight and fatfolds between adoptive parents and
their adopted children raise the possibility that nongenetic familial
characteristics play a greater than previously assumed role in explaining
parent-child and sibling correlations in well-nourished populations (Garn
et al. 1976). These findings in turn make interpretation of such correla-"
tions in poorly-nourished populations a difficult task. Research should be
oriented, as suggested by Garn et al. (1976), to elucxdate the relative
importance of genetic and nongenetic factors in causing variability in
anthropometric variables. The implications of this research for nutritional
anthropometry are clear because variability in indicators such as height
and weight is assumed by public health personnel in developing nations
to be almost exclusively caused by environmental factors. Moreover, pa-
rental size is almost never taken into account in evaluating the nutritional
status of children. Just as it is clear that genetics plays a substantial role in
explaining variability in well-nourished populations, it is also evident that
factors such as nutrition and disease account for much of the variability in
anthropometric variables in deprived populations. What is needed, there-
fore, is to go further towards the quantification of the relative importance
of genetic and emnronmental factors as causes of variability in populations

living in environments that either allow or restrict attainment of genetic
potential.
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Functional classification of undernourished populations

in the Republic of El Salvador'

Methodologicu} development

Y. Valverde, F. Trowbridge, I. Beghin, B. Pillel,
Isabel Nicves, Naney Sloan, I Farrell,
P.R. Payne, J.L. Joy and R.E. Klein

Typical government nutrition programmes usually lack precise information
on the size of groups that could henefit from interventions, on the diflerent
types of potential beneficiaries and their location, and on socio-cconomic
and cultural characteristics through whicl they could readily be identified.

I the functional classification approach to the definition of nutritional prob-
lems, detailed- informmation on human behaviour and social constraints is
collected at [amily and community levels. The duta are then intcrpreted in
general terms in order to understand how these factors contribute to inade-
quate levels of mutrition within larger. groups. This new approach should
enable more effective measures for reducing the numbhers of those living
under conditions of deprivation to be presented to planners and decision

makers.

The concept

A largc amount of data has been
collected on child malnutrition in
Central America and Panama since
the 1930s culminaling in recent stud-
ics by the Institute of Nutrition of
Central America and Panama/Office

" 3 Tha ficld work on which this paper is
based was <ponsorcd in part by the Gov-
ernment of FI Salvador, the Ford Founda-
tion, the W.K. Kellopg Foundation, the
USAID Mhssion in El Salvador, and
ROCAP/AID.

8

of International Rescarch, National
Institutes of Hcalth (1972), in Hon.
duras by the Sistema de Andlisis y
Plaunificacién dc la Alimenlacién y
Nutricion (1976). and by the Insti-
tuto de Nutricidn de Centro América
y Panami/Unidad dc Anilisis dcl
Sector Salud (1976) in Nicaragua,
However, their uscfulness to plan-
ncers and administrators is limited,
particularly when the attempt is madc
to cstablish prioritics for rcgions
within a country, to sclect suitable
programmes for™dealing with nutri-

tional problems, and 1o design specific,
projects for specific regions and sub-
groups of familics within them. For
cxample the questions “what inter-
vention” and “for whom'™ cannot be
answerced by data aggregated at ha
tional level. This cxpericnce ein-
phasizes the nced to define the nutri-
tional problems of developing coun-
trics in particular, not only in a prac-
tical manner but also in one that may
be of immediate use.

Such an approach should also lead
{o a better understanding of the in-
terrelationships between the factors
belicved to cause nutritional prob-
lems. Basic (o it is the fact that the
population of any given country is
helerogencous, and comprises distine-
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‘The authors were, in Octaber 1977, on the
tafl of the Institute of Nultrition of Cen-
tral America and Panama (INCAPY. Gua-
temaly, C.A., except for F. Tinwhridge,
School of Hygiene and Public Hecalth,
Johns Hopkins University, - Baltimore,
Maryland; P.R. Payne, Department of fu-
man Nulrition, Londan School of Hygiene
and Tropical Medicinz: and LL. Joy,
Department of Nulritional Scicnces, Uni-
versity of California, Beskeley, California.
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I. Which repions of 'l Salvador, de-
wribed m geographical amd admin-
istrative terms, have most malnutrition
problems?

2. \“hal are the gencral social, economic
and health churacteristics of pnpuln-
tion groups living in <hilersnt regions?

3. What is the total population of cach
repion and subregion? How many
malnounshed preschool children are
found in each region? What is the
approximate number of lactaung and
pregnant women?

4, What is the relative importance of the
dilferent social, economie and cultural
factors as causes of malnutrition in
each region, and in the distinct cate-
gorics of population?

5. What is the size of these categories of
population and their nutritional status?

6. ‘What kind of programmes are most
relevant for the different regions and
categories of population? How many
people respond (o identified pro-
prammes?

7. What is the paolitical, cconomic and
operational feasibility of the snpgested
programmes? \Who will finally benefil
from them?

8. ‘What amount of economic resources
is needed to induce important chunges
in the number of familicy suffering
from malnutrition in the different re-
gions?

9. How can changes in nutritional status
be deteeted, ultizing the existing in-
formation systen?

tive occupational, social and cultural
groups These dilferences affect both
the process by which malnutrition
becomes a problem, and the process
through which it can be amcliorated
or cradicated.

Realizing this. Joy (1973) intro-
duced the concept of “funclional
classification of undernourished pop-
ulations™, i.c.. the grouping of pop-
ulations into categorics that can be
used in nutrition and development
planning. Each functional calegory
has a sct of common characleristics,
¢.g.. the same nutrition problem, or
membership of an identifiable group
(geographic, socio-cconomic, etc.).
A third characteristic? is that the

* Essential to Joys approach, although
not speaifically identified in the quoled
reference,

members of i@ given group  have
a high probabulity of responding m
the same manner (o a given inferven-
tiem. A fourth catepory is added in
this paper: the feasibility of reaching
the group within the existing ad-
ministrative divisions and through the
cxisting administrative struclures.
Hakim and Solimano (1976) and
Payne (1976) have reviewed the as-
sumplions on which previous cfforts
to integrale nutritional componcents
into national plans in devcloping
countrics arc based. The need to
deline the nutritional and food prob-

GUATEMALA

-]
-2
3
l
.
1) Western subregion of collee exploitation
=2) Central subregion of collce exploitation
3:3) Fastern subregion of coflce ¢xpleilation
4-1) Urban groups

|
|
|
2-
2-
3.
3
Flgure 1.

lems within the framework of a func-
tional classification has been stressed
by Juy and Paync (1975) and FAO
(1975). Abercrombic (1975) has alvo
mentioned the importance of iden-
tifying scts of catcgories of poor
people as an initial step foward the
solution of deprivation. In a re-
cent work carried out in four rural-
subsistence agricultural communitics
of castern Gualemala, Valverde ef of.
(1977) quantified and characterized
families by size of landho!dings, oc-

cupation, and nutritional status of
their children.

A “hunctional  classfication™ o
malnourshed populations, therefoue,
is evsentially a new way of collidting
and presenting information 't differs
from carlicr approachces in that: ) it
starts from the identilication of
distinct scts of allected people in a
given rcgion; 2) it studics their par-
ticular problcms, behaviour and ex-
pectations in greater depth; 3) it
csumales the size of cach group; and
4) it allcmpts {o asscss their respec-
tive problems by region or subregion.

HONDURAS

0 ¢

) Northern subregion of maiginal agricnltural explnitation
) Central subregion of marginal agricultural explontation
) Coasta) subrepion of marginal agricultural eaplotation
) Central subregion of intensive agncultural exploitation
: ¢ oastal subregion of infensive apricultural exploitation

Localion of agricultursl subreglons and urban groups in EI Salvador

The level of disaggregation of the
data collected permits reaggregation
according to the nceds of the planner:
at national level, by region, by ad-
ministrative division, by socin-cco-
nomic stratum or by type of cmploy-
menl.  This in turn should facilitate
identification of relevant programmes
aimed at reducing malnutrition in
groups of familics or individuals in
a_piven region.

A first atlempt to develop such a
type of methodology was made in

9



Il Satvador, where the Gaverpment
had expressed interest in this matter
and offered its collaboration,

Mecthodology development

PROJICT OBJLCTIVES AND
ORGANIZATION

The objectives of the project con-
ducted in El Salvador were first, to
updale and integrate nutrition and
socio-cconomic infarmation in order
(o orient the cxisling programmes,
and those to be determined by the
futurc national food and nutrition
policy: and sccond, to develop a
methodology for claboraling a func.
tional classification,

A mullidisciplinary advisory com-
mitlce was set up to define the nature
and type of data to be gathered,
establish the collection methads. pre.
parc a tentative analytic plan and
guide the general ficld operations, A
ninespoint list of guestions, detailed
in Table 1, was drawn up.

INORMATION SOURCLS
IN THL COUNTRY

A scarch of the literature for general
data on the poluaical, economic,
demographic and ngricultural condi-
tions of El Salvador produced some
useful material, c¢.g.. the national
housing, populiation, and agricultural
censuses of 1971, the list of adminis-
trative boundaries f{or cach munici-
pio* of the country, and the 1976
population ccnsus giving the num-
ber of houscs and tolal population
in cach cantdn. Other maferial was
discarded where data could not be
disaggregated by regions or subre-
gions, or the methods used for its
collection werc not considered sul-
ficicntly rehiable.

DITINITION O RIGIONS AND
ADMINISTRATIVE BOUNDARILCS

At the ume of the project. regional
divisions of thc country were being

3 El Salvador js admimstratively dividsd
into 14 departamentos, 261 municipios
and 2057 cantones

10

reviwdl, U was therefore necessary
to define regions specifically fin the
project.  This was done on the hasis
ol dilferent patterns of land use as.
suming that cach would correspond
: 1) more or less homogencous
socio-cultural  environments,  and
2) similar types of nutritional prob-
lems.

In order to provide data uscful
for planncrs and administrators, the
municipio was chasen as thc most
convenicnt administrative unit since
information on cantén boundarics
were not available.  Exising maps
of land-use and other ‘survey and
census data cnabled the country to
be divided into three agricultural re-
gions: 1) marginal agricultural ex-
ploitation or of subsistence; 2) in-
tensive agricultural exploitation (cash
crops for cxport): and 3) coffee
production,

A Tfourth “urban™ category in-
cluded ull cantones and capitals of
municipios with 10000 or more
inhubitants in 1975,  Subrepions
were designated based on geographic
criterin to give a total of nine groups
located as in Figure 1. The Tour re-
gions were used as sample frames
for all subscquent ficld uctivities.
Table 2 summarizes the results of the
initial  classification by region and
subregion in terms of land area and
population,

LISI 08 CINSUS INLORMATION

Ihe ongmal data of the populatie
and housing censuses were agprepated
and summarized at houschold towd
for cach of the 2057 cantones of 1]
Salvador. ‘T he variables included: sex
and age distnibution, civil status, fam-
ily sizc. occupation, licracy, school
attendance, cducational achievement,
infant and child morlality, fertility,
house owncrship, type of housc,
sources of walcr, wasic disposal and
home industrics  These variables
were further subdivided; for instance,
waler by source, cte. Total numbers
and percentages were calculated fo-
cach variable and its respeclive sub-
divisions  This information, aggre-
gated amd summarized by cantones,
is now in a flexible form und can
casily be used in preparing subfiles
al the municipal level, or it can be
agpregated according (o various other
crileria, such as the arcas covered by
health posts, agricultural extension
agencies, or inlerpreted as national
averages or percentages.” It can also
be used to provide characleristics of
cantones with parti¢ular features such
as a high level of unemployment, a
low level of schooling, cte.

FIrin surviys

Any information considered essential
for the project, but not avuilable

TanLPE 2, POPUILATION/REGION ¢ 1 ASSH ICATINON

Region \iuhrcgign
Urban Urhan !
Coflec Western
Ccnll'-ll
Eustern
Total

Intenvive agricultural exploita- | Central

tron Caouastal
ToraL
M arginal agricultural exnloitas { Northzrn
fron Central
Coustal
TotaL

Arca IPopulation Denuty
I K,": Pﬂp ,‘"”

1 154 590 -
| 417 40m 212
6R 1 124 OhS 182
408 104 978 257
2 526 513719 211
17 137903 409
3 nDS 497 905 _ I3
3942 35 ROR 161
6 560 745 JER 114
4474 719077 16}
15%] 436 7YX i24
14 565 1901 263 130

' All cantones and municipal capitals with a population of 10 (X)) inhabitants or more.



from existing studies, "was gathered
through ficld surveys.  “Uhree (ypes
of studies were conducted: evalua-
tion  of nutritional  status,  socio-
ceonomic eviluation of families, and
cthnographic  descriptive  studies  of
community Jife.

Eveluation of nutritional status

The purposc of this part of the re-
scarch was to assess the nutritional

status of infants and preschool
children.  This was nccessary o

identifly and cstablish the extent of
potentially important dilferences in
nutritional status  belween  regions,
and between categories of population
within cach region. A sample of
6 409 children of both sexes, aged 6
lo 59 months, was taken from 148
communitics distributed among all
regions.  Mcasurcments of weight,
height and arm circumference were
obtained by means of houschold vis-
its. Thc urban sample included only
children living in the slums of San
Salvador. Anthropometric mecasure-
ments were also collected from a
national sample of 787 children aged
6 1o 59 months included in a national
survey on vitamin A status conducted
by another INCAP group in 1976.
This information was then compared
with standards for normal children
in developed countrics, and the re-
sults were analysed at the national,
regional and, in somc cascs, subre-
gional level. '

Sex io-economic evaluation of family
units

Socio-cconomic dala on family com-
posilion. occupation, cducation, mi-
gration, various indicators of wealth
and income, and agricultural produc-
tion were collected from (wo groups
of the population to identify the
family characteristics associated with
malonutrition in cach region, related
factors common to all regions, and
o provide quantitative support  {o
the deseriptive t‘(;llllllllll'il)' studics. A
total of 625 “low-risk/well-nourished™
familics and 625 **high-risk/malnour-
ished™ families (having at lcast onc
‘child under 75 percent adequacy of
weight for age) were sclected from
the nutritional status survey in the

four regions for comparison purposcs. .

Deseriptive studies on community life

The rationale for these studies was to
obtain a better understanding of the
complex inlerrelationships  between
social, cultural and cconomie factors,
and those processes related o nutri-
tion and health.

Four communitjcs, cach considered
to be representative of one of the re-
gions. were sclected based on demo-
graphic, gcographic and cconomic
critcria. The cthnographers lived in
cach community for six to cight

weeks practising the classical methods |

of anthropological rescarch - par-
ticipanl obscrvation and open in-
terviews. Data were gathered ac-
cording to a ficld guide especially
designed for this study after consulta-
tion with the advisory commitlce.
Subscquently olher communitics in
the same region were visiled in order
to assess the general applicability of
the observations. Finally, ficld noles
were organized, analysed, interpreted
and presented in scparale reports ac-

Tame 3. REPORIS ON COMMUNIIY TIFE

SUBSISTENCE PATIERNS

— Economic aclivities and land flenure

praclices
—- Communily economics and scrvices
-— Houschold economics

Foon AND NUTRITION

—- Food processing an:d storage

-= Dict and eating habits

— Infanis’ and chiklren's dicts

— Beliefs and attitudes related to food

_ HEAL I AND HYGIENE

— Fnvironmental sanitation

—- Personal hypicne of mother and chil-
dren

- Uise of available medical facilities
= = Associated bheliels and practices

CHII D BEARING AND € 11 D REARING

= Male-femule relitions amd repradue-
tien

- Prepnancy and child bearing
—- Child-rearing practices

COMMUNICATION, EDUCATION, CHANGE AND
INNOVATION

-= Communicalion
- = Change and innovation
-« Fdoeatinon and related opportunitics

cording o the subhcading listed jn ®
Table M.

IDATA ANALASIS

The process of data analysis was
aimed mainly at answering the ques-
tions listed in Tablc 1. The first two,
on regional differences and nutritional
status. utilized thc anthropometric
and 1976 population census dala.
Characterization of the regions in
socio-cconomic  terms  was  bas:d
mainly on the information at the
canton  and/or  municipal  level,
through the reanalysis of the pop-
ulation, housing and agricultural cen.
suses of 1971,

Information  on  the  nulritional
status of children from-differcnt fum-
ily calegorics (questions 3, 4 and $)
was bascd on data obtained from the
socio-cconomic and anthropometric
surveys. The nutritional status of
children from different types of fam.
ilies was estimated, and the tolal size
of these catcgorics quantificd using
the population ccnsuses of 1971 and
1976. _

The issues dealing with the type,
relevance and costs of nutritional in-
terventions (questions 6, 7 and 8)
requircd the integration of all data
collected,  For cxample, the dala
allowed an analysis of the cllfect and
response of specific subgroups or
populations in a given region, e.g.,
the response of landless farmers in
the subsistence region to programmes
of increased land availability and
production, minimum salaries, hecalth
scrvices. cducation, and community
oganization.

Finally. in rclation to nutritional
surveillance (question 9), the regional
anthropometric studies developed as
a requirement of this project were
useful in validating the nulritional
data on children gathered in health
posts by povernment officiats.  This
information. routinely collected by
the health services, consists of a basic
medical diagnosis of malnutrition and
information on weight, as recorded
at the first annual visit to the clinic,
in sclected arcas. of all children under
five vears of age.  As a result of this
validation of hualth-post data, the
governmenl, using its own informa-
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tion system, hepan implepenting a
nutrition monitormg survelllance pro-
gramme in 1977, Other indicators,
once refined and valdated, will no
doubl be incorporited in future years.

Future improvements

Although many uscfyl lessons were
lcarned from this first attcmpt to
develop a methodology, a critical re-
view of the work in El Salvador
identifics aspects that nced improve.
ment in the future claboration of
functional classification.  Three of
these are discussed below,

ORGANIZATIONAL PROCEDURLS

The study showed that community
studics and family profiles could be
carricd out in a period of about 10
to 12 wecks, depending on the size
and diversity of thc community and
the speaific nature of the problem.
Idcally. the human resource inputs
should be traincd anthropologists.
However, if an appropriate and de-
taded ficld guide-line is available,
mature personnel with sound founda-
tions 1n the social scicncas will sullice.
Furthermore., ficld work of this nalure
should be preceded by an exhaustive
review of the literature. hoth with
respect {o nutritional problems and
to the peneral cultural cenvironment
where the rescarch is to take place.
It is also especially important that
this type of rescarch be carclully
supervised by professionals  with
training sn social or cultural an-
thropology. and that all members of
the tcam arc awarc of the purpose of
the functional classification approach.

TYPLS OF DATA TO RE COLLICTID

[ he most eflicient strategy (o be used
in this Bpe of project is clearly that
of anthropometric studies.  Howeser,
the <ample size n the regrons was
larger than necessary.  Information
on 700 to 800 children. denived from
20 to 25 siles chosen randomly n
cach region. would have provided
rehable information on the extent of
malnourished children in distunet re-
gions. Although desirable, data re-
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PPalienl decision and ollocation ol sesources |

1
2. , Inlegration of multidisciphnary tram l
‘1 . )
3. | Review of available information and literature l
R :
4, Repid reconnaissance of the country
e _ e
5. Definition of regions and subregions
! .
6. I Characlerization of regions and subregions with census Information I
7. I Nutritional and socio-economlc evaluation of families I
8. I Prchiminary dsta snalysis
R
9. Community descriptions and typica! family profiles
U
10. Final onalysis of data. identification, selection,
and evalualion of progrommes

Figura 2. Suggested sequence of steps In the elaboration of functional classification

garding other nutritional deficiencics
in groups other than children (eg,
iron-deficicncy anacmia in pregnant
women) would have incrcased the
cost consideriably.

The role of the socio-cconomic
survey al family level is of key im-
portance for the whole cxercise, and
a detailed dehimition of variables to
be used should be decided upon and
defined carly in the project.  All
famihies chosen for anthropomctric
studics should be included in the
SOC10-CCONOMIC survey, since In coun-
trics where census data are nol avail-
able or arc unrchable, the represen-
tativeness of the sucio-cconomic data
is of crucial importance for the
project.

Duscriptive studies of community
life have proved to be useful tools to
dilferentiate problems in distinct re-
gions and to idenlifly rclevant mea-
surcs to reduce them.

Obscrvational studics ol ypical
family proliles. not included m this
study, along with community descrip-
tions, would have provided further
insights into the naturc of the prob.-

lem, These will be uscful in future
to improve Lhe identification process
of relevant mecasurcs for specific sets
of families as well as the potential
respanse Lo interventions.  In fad,
famuly proliles are essential in a func-
tional classification approach since,
in conjunction with the community
descriptions, they help to unswer
questions of the following nature

— In what ways does the famly
financtal situation nced to be
changed to reduce substantially
its risk of malnutrition?

— In what manncr might the lood
habits of a lfunuly be changed in
order to reduce its nisk of mal-
nutrition?

~-— What forms of social aciion might
achicve the necessary changes?

— To what cxtent mught the nverall
probiem be solved 1n this way?

SIQUENCE OF 0Pl RATIONS

Fach stage must, n such a comph-
caled scries of studies, be carclully
planned and phased, and activities



peridlically evaluated.  An idealized
sequence of steps toward claborating
a functional classification is graphi-
cally summarized in Figure 2.

Although a Tunctional classifica-
tion can be used to motivale politi-
cians to allocate resources. it should
te preceded by political decisions
and resource allocalions to combat
malnutrition. If this is not the casc,
claboration of the classification may
simply cnd up as an academic cxcr-
cisc.

The sccond step is to establish a
group to be dircctly in charge of the
project.  Tdcally, this should include
those who will cventually make usc
of the information genceraled.

The third step consists of an cx-
tensive review of the cxisting data
rclevant to food and nutrition plan-
ning, as well as information on the
geographic, demographic. social. cco-
nomic. agricultural and other charac-
teristics of the country. Decisjons
should be made in the carly stapes
of the project regarding the desirable
level of disaggregation of the data for
operational purposes. Dala files at
the chosen level should be established
immediatcly.

The [ourth step. critical (o the
wholc process, consists of a scrics of
visits (hroughout the country to ob-
(ain an intuitive understanding of the
nature of the problem. Such visits
should include informal conversa-
tions with a cross-scction of local
residents regarding what  problems
they perecive as the most pressing.
Also valuable is dircct obscrvation

of activities related to food produc- -

tion. processing and preparation.
These visits are of great help in the
preparation of dala-collection hard-
warc and in anticipating polential
problems in sampling procedurcs.
The fifth <tep is to divide the coun-
try into suitable regions.” The group
should review the pros and cons of
using cxisting regional divisions of
the country or of defining new oncs.
Whatcver the final decision. admin-
istrative boundaries for cach region
should be explicitly defined.

The sixth step is the characteriza- -
tion of rcgions and subregions in

general socio-economic lerms.  This
should be done on the basis of all

the information vollected by the proj-
cet hitherto, plus census  muterial.
It is essential at this point to discuss
the census data files with statisticians
and compuler programmers, since ag-
gregating or disaggregating the data,
and their transfer {o a different com-
puter system, for cxample, and sub-
scquent analysis can be extremely ex-
pensive.  Such discussions should cn-
surc (hat the resulling data file is
flexible cnough for various sub-
scquent analyses. A check on the
homogencitly of the rcgions by socio-
cconomic variables may lead to a
reassessment of the initial regional
breakdown. Mapping of these vari-
ables will indicate the adequacy of
the initial regional division.

Thus. the regions with population
data will serve as sample frames for
the cvaluation of nutritional status,
socio-cconomic characteristics of the
familics, descriplive studics and any
other rclevant information to be col-
Tected.

Once samplc frames are defined,
onc can procced (o the sceventh
step. that of nutritional and socio-
cconomic cvaluations. The cthnogra-
phers should join the anthropomelry
ficld tcams visiting the communitics
lo begin identifying, in regions and

Types of data

P e om e mmee s - " memesm a2 s mems mr e —

1. Agricultural census
2. Administrative division of the

3. Current regional division

1. Population, housing and agricul-
tural censuses

3. Community descriptions

— e o e e

1. Socio-economic family surveys

3. Family profiles

1. Descriptive studies on commu-
nity life »nd typical profiles

3. Census information

- gories of population.

country -

2. Socio-economic survey -

2. Populatinn census -

2. Socio-economic surveys -

subregions,  the  communities  that
fultil the requirements for the ¢
scriptive studics on community | fe
and family prohles. “These visits will
also provide an excellent opportunity
for cthnographers to oblain genceral
information on the regions as a
whole, and initiatc the collection of
notes on community life.

As the cighth sltep. it is desirable
that. before starting descriptive stud-
ies at community lcvel, a first at-
tempt be made to analysc the data.
Categorics of population by rcgion,
their size. prevalence of malnutrition
and health problems, associaled fac-
(ors, cle.. should begin to be iden.-
fificd.  This will orient the selecticn
of types of familics (o be included in

- profile studics. and focus the latter

on specific problems of distinet cate-
Howcver, the
cthnographer should be carcful not

. to allow thcse prcliminary analvscs

to influcnce or hias his obscrvations.

Community description and the
family prolilcs follow as the ninth
step.

The tenth step consists of classify-
ing calegories of population by re-
gions and subrcgions, cstimating
their size. and identifying and cval-
ualing possible programmes.

Steps

Regional division of the
country

——— . —— — ——— - -

General chaiacteristics of the

regions

e —— - — —————

Delinitinn of cateqnrirs of the
population. and their size

— . m— -

Identification and selection of
programmes for potential ben-
-eliciaries '

Figure 3. Types of data {or dilferent steps of tunctional classification approaches
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Pmally, the selected imtervenlions
can be ntegrated i an overall plan
for * Toedd and nutrntion™, ““redugtion
of povernn ™, “improvement of hving
condilions™, “rural development™ or
any other desirable title.

The potential contribution of the
thifurent data sources in the intepra-
tion c¢xercise is illustrated, as an
example, in Figure 3.

Conclusion

The EI Salvador sMudy confirms the
anthors’ initial concern about the
inherent difficultics involved in iden-
tifying categorics of deprived groups
in a population. Nevertheless, based
on this study and other work by Val-
verde et al. (1977) and Rawson and
Valverde (1976). they believe that
methodological problems in adopting
a functional classification approach
can be overcome,

The claboration of a ({unctional
classification cnables the causality of
malnutrition to be betier understond.
However, it docs not necessarily iden.
tify new and miraculous programmes
differing matcrially from those usu-
ally implemented in developing coun-
trics New definitive or  packaged
answers should not therefore be ex-
pected {rom this approach  ‘There
will always be a need for continuous
review of results and discussions with
planncrs and administrators,

A functional clasification approach
is not only valuable because of the
tvpe of information it provides for
programme dcsign, but also bhecause
during its claboration it raises [un-
damental questions on the develop-
nient process of the country. It also
shows how programmes nol primarily
conceived to reduce malnutrition can
play an important role in nutrition
improaement A review of pro-
grammes i the hght of a funchional
clasufication and the final sclection
of the best alternatives can be cx-
pected to lcad to the appraisal of
the political and cconomic feasibility
of proposed mcasurcs

The activities carried out in El Sal-
vador cest approximately USS00 000
The conty of a new exercise in an-
other country of similar size could

|4

be wpmbicantly voduced  ‘The cost
of achivities, beyond thas fust phase,
cannot be estimaled at present Ob-
viously, the cost and outputs will
need 10 be compared with traditional
methads of cvaluating nutrition sta-
tus in order to determine the real
vitlue of functional elassification,
‘The El Salvador expericnce also
shows that the marginal cxira cost
of studying the total framework, in-
stead of focusing the cfforl of data
collection on critical categorics of
malnourished lamilics, is small com-
pared with the total cost of selling

' %'V Wl 3T
fc'\.“",.\r.. * "l

ol ] o s o«
#;1'\&'7 L . ."“"T‘."‘q

v salww

Village road making in El Salvador
A rural development intervention

up the cevaluation machinery. TFFur-
thermore, if a scrious attempt is
made 1o cderrly define the nutrition
problem, then the process of claborat-
ing a functional classification should
be consdered as a permanent on-
gomg process and not as a once-and-
for-all venture

[ he major Nindings of this Project
have been communicated (o the Gov-
crnment of 1 Salvador., At the
present time, the Ministry of Planning
v deliming the National Food and
Nutntional Policy for the country
Based o the national policy. the
wpeasie activibies (o be idduded n
the Tood and Nutrition Plan will be

dufined  The data from the Project
are heing utihzud by the Ministry of
Planning (o dutormine the type and
peagraphical location of programmes
o be undertahen,
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Effects of Nutritional Recuperation on E-Rosetting
Lymphocytes and in Vitro Response to Thymosin in
Malnourished Children
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Division of Nutrition and Health, Institute of Nutrition of Central America and Panama, Guatemala City, Guatemala;
*Department of Biochemistry, George Washington University School of Medicine and Health Sciences, Washingiton,
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Summary: The percentage of peripheral blood lympho-
cytes forming rosettes with sheep erythrocytes (E-ro-
settes) was determined at admission to the INCAP Clin-
ical Center in eight acutely malnourished Guatemalan
children. and again after 14 and 28-30 days of nutritional
therapy. While the mcan percentage of E-rosettes in-
creased during therapy, the change (from 35.6 = 10% to
43.3 = 19%) did not reach statistical significance because
of the variable response of different subjccts. At each
time period, however, in vitro incubation with the thymic
factor, thymosin fraction 5, significantly incrcased thc
percentage of E-rosetting lymphocytes. The presence of
thymosin responsive cells in circulation after I month of

optimal nutritional support indicates that immature T-
lymphocytes can persist in circulation in patients with se-
vere malnutrition, even after clinical improvement. Thus,
neither the percentage of E-roscttes in peripheral blood
nor their response to in vitro incubation with thymosin
correlated with anthropometric measures of nutritional
status in individual patients. This suggests that other
nutritional or nonnutritional factors may be important
modulating influences on T-lymphocytes, and that pro-
spective studies with thymic factor administration are
warranted. Key Words: Peripheral blood lymphocytes—
E-Rosettes~—Thymosin— Malnourishment,

Defective cell-mediated immune (CMI) re-
sponses are frequently encountcred in children with
protein—-energy malnutrition (PEM) (1-6). Because
of the central role of the thymus in the development
of T-lymphocytes involved in CMI responses (7)
and the presence of thymic atrophy and decreased
numbers and percentage of mature circulating T-
cells that accompany PEM (1-6,8,9), it has been
postulated that replacement with thymic factors
may improve immune function in these patients (6).
In the accompanying paper (10), we have shown
that some but not all PEM patients of similar nutri-
tional status, as defined by anthropometric and

Address correspondence and reprint requests to Dr. J. R.
Cruz at Division of Nutrition and Health, Institute of Nutrition
of Central America and Panama INCAP, P.O. Box 1188, Guate-

! mala City. Guatemala.
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clinical asssessment, have subnormal proportions
of mature T-lymphocytes in peripheral blood. In
vitro exposure of peripheral blood lymphocytes
from these subjects to a thymic peptide fraction,
thymosin fraction 5 (f-5), increases the proportion
of E-rosetting T-cells, suggesting that patients who
demonstrate such a response in vitro have in-
creased numbers of immature circulating pre-T--
lymphocytes in vivo.

In this paper, we rcport the cffects of nutritional
therapy on the proportion of E-rosetting lympho-
cytes in circulation and the lymphocyte response in
vitro to f-5. These data indicate that despite pro-
gressive improvement in nutritional status during 1
month of intensive nutritional support, the change
in percentage of E-rosetting T-cells is variable in
individual patients. More important, because cells
responsive in vitro to f-5 remain in circulation, con-
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tinued thymic dysfunction may be present in these
patients.

MATERIALS AND METHODS

Eight children. five boys and three girls aged
14-38 months. were admitted to INCAP's clinical
center with severe edematous PEM by clinical, an-
thropometric, and biochemical criteria (Table 1).
The research protocol was approved by the Com-
mittee on Human Rights at INCAP, and informed
parental consent was obtained. Ten milliliters of pe-
ripheral blood was obtained in preservative-free
heparin (20 U/ml) within 24 h of admission and on
days 14 and 28-30 of hospitalization. Peripheral
blood mononuclear cells were isolated and exposed
to a final concentration of 20 pg/ml of the partially
- purified bovine thymic hormone, thymosin fraction
5 (f-3, lot number BPP-100, a gift of Hoffmann La-
Roche. Nutley, NJ) in Hanks' balanced salt solu-
tion (HBSS) or HBSS alone, as described in the ac-
companying paper (10). Following incubation, T-
lymphocytes were identified by the E-rosetting
technique, and the number of nonrosetting, small-
rosetting (1-2 firmly attached sheep erythrocytes),
and E-rosetting lymphocytes (3 or more firmly at-
tached sheep erythrocytes) were enumerated in a
200 cell count (10). Based on the variability in mea-
surement of E-rosettes in our laboratory (mean,
54.62; SD, 4.2%: SD/mean, 0.077), we have arbi-
trarily designated a change equal to or greater than
= 1.5 SD (6.3%) as a response to either nutritional
treatment or in vitro exposure to f-5.

Nutritional therapy consisted of a gradual in-
crease in diet to 150 calories and 4 g protein/kg

body weight/day over a 1-week period. Vitamin A

(100,000 1U) was given orally on day 1. Daily sup-
plementation with vitamins and trace minerals (in-
cluding 60-mg elemental iron as FeSO,) to meet re-
quirements was started on day 8.

The results were examined statistically by anal-
y'sis of variance.

TABLE 1. Anthropometric and biochemical data

Admission Day 14 Day 28-30

Weight-for-height
157 of standand» 70 = 7.0 =06 87.0 = 1l
Plasma protein (2'dD) 4.3 = 0.4 6.1 = 1.} 7.3 = 1.2
Serum albumin (g'dl) 1.8 = 0.7 2.8 = 0.7 3.6 =08
Hemoglobin (g/dl) §8=x1.2 9.0 = |.§ 9.4 = 0.9

* Based on *'dry weight'’ calculated after disappearance of
edema compared to S0th percentile of NCHS standards.
® Mean = SD.
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RESULTS
Clinical Evaluation

Table 1 summarizes the patient characteristics in
the eight patients on admission. Nutritional therapy
resulted in marked improvement in weight-for-
height after 4 weeks in all but one child.

E-Rosettes

The mean percentage of E-rosetting T-lympho-
cytes in the first blood sample was 35.6 = 10%
(Fig. 1). Although this value increased during the 4
weeks of observation, the change was not statisti-
cally significant becausc of variable responses of
individuals (F = 0.2868, p = 0.76). By 4 weeks of
nutritional suppcrt, the mean of 43.3 = 19% was
still below the value obtained in healthy children
with mild growth retardation from the same popula-
tion (10). The reciprocal change in the percentage
of nonrosetting cells, and the minor decrease in
small rosettes with time, did not reach statistical
significance (F = 0.0457 and 0.2554; p = 0.96 and
0.78, respectively).

Effects of {-5

In vitro treatment of lymphocytes obtained at ad-
mission with f-5 resulted in a mean increase of 8.0
+ 4.7% in thc proportion of lymphocytes forming
E-rosettes (Fig. 1; F = 48.6, p < 0.0001). An in-
crease of similar magnitude was observed in the
follow-up samples at 2 and 4 weeks of nutritional
thcrapy. This increasc in E-roscttes was entirely
at the expense of nonrosetting cells (F = 49.9,
p < 0.0001). A significant increasc in response to
f-5 as defined in this study (=6.3%) was observed in
14/20 samples in which the baseline value in the ab-
sence of f-5 was less than the mean value observed
in clinically well Guatemalan children [mean E-ro-
sette values of 35% (20 samples) versus 52% (4!}
samples), respectively] (10). This can be compared
to 1/4 responders among those with higher baseline
percentage of E-roscttes (mean, 61.9%). The re-
sponsc to f-5 was independent of time (F = 0.0407,

= (L.0G6 for E-rosetles and |7 = 00,0523, p = 0.95
for noarosclting lymphocytes).

Nutritional Status and E-Rosettes

Although nutritional status and the proportion of
E-rosettes increased over the 4 weeks of observa-
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FIG. 1. Mean percentage (% 1 SD) of E-roseltes (circles),
small rosettes (triangles), and nonrosetting lymphocytes
(squares) among peripheral blood mononuclear cells in
eight patients with protein-energy rmalnutrition. The open
symbols represent assays in the absence of thymosin frac-
tion 5, and the closed symbols are the results of assays fol-
lowing incubation in the presence of thymosin (20 pg/ml).

tion in the group as a whole (Table 1 and Fig. 1), the
response in individual patients was variable (Fig.
2). In some, clinical, nutritional, and immunological
status changed in parallel; in others, there was no
obvious relationship. Four cases are illustrated.

Case ] (PC 569)

A 34-month-old female had an unexplained fever
for the first 3 wecks of the study and concomitant
decrease in E-rosettes from 45 to 22%, When ery-
thromyein was given, she defervesced and rapid
catch-up growth began. By day 28 the pun.cnlam.
of Veroneiios Lod dnereased to &%, Weight-Tor-
height did not change lrom admission to day 14
(77-819% of standard), but then reached 94% of
standard by day 30.

Case 2 (PC 567)

A 20-month-old male had an uncomplicated clin-
ical recovery and steady increase in percentage of
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FIG. 2. Weight curve (closed circles) and the percentage of
E-rosettes in the absence (open triangles) and presence
(closed triangles) of 20 pg/mi of thymosin fraction 5 in four
children with acute protein—energy malnutrition. Cases 563
and 567 were clinically uncomplicated and .showed a good
nutritional response (weight-for-height 87 and 91% of stan-
dard by 4 weeks). Percentage of E-rosettes improved in case
567 but steadily diminished in case 563. Cases 562 and 569
experienced febrile lliness during the course of observation,
with an associated fail in percentage of E-rosettes. In the
former patient, weight-for-height failed to improve by day 30
of treatment (increase in weight-for-height {rom 56 to 63%)
and E-rosettes dropped o 27%. In the latter child, per-
centage of E-rosettes improved when antibiotic treatment
was initiated and was associated with improvement in nutri-
tional status (weight-for-height, 94% by day 30).

E-rosettes to normal (56%) as weight-for-height
reached 91% of standard. The effect of f-5 on day
14 was striking, increasing percent E-rosettes from
34 to 64%.

Case 3 (PC 563)

An 18-month-old female had an uncomplicated
clinical recovery, and an increase in weight-for-
height from the initial value of 653-87% of standard.
Necvertheless, the percentage of E-roscties steadily
Jdecreased Treen 43% on admiszion 1o 35% @2 duy 14
t 17% vy day 3u.

Case 4 (PC 562)

A 14-month-old malc had unexplained anorexia
and little improvement in wecight-for-height during
the first 2 weeks (from 56 to -only 63% of standard),
but a normalization of the percentage of E-rosettes

4 Pediair Gastroenterol Nutr, Vol. 6, No. 3, 1987
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from 42 to 57%. Fever developed on day 14. Ampi-
cillin was begun on day 18, with defervescence,
however, diarrhea began on day 20. While there
was no further change in weight-for-height during
this period (64% of standard at day 30), the per-
centage of E-rosettes decreased to 27%.

DISCUSSION

The results of the present study show that de-
spite clinically adequate nutritional recuperation 1
month after hospitalization, PEM patients may still
have subnormal proportions of E-rosetting lympho-
cytes in their blood. For comparison, we have used
data obtained in our laboratory from other Guate-
malan children who are mildly growth retarded but
chnically healthy (mean value, 52%) (10) and other
data reported 1n the hiterature from Africa and Bang-
ladesh (49.9 and 53.7%, respectively) (11,12). As it
is likely that the majority of these children are at
least marginally malnounshed as well, these figures
represent a minimum cstimate of the true normal
proportion of E-rosetting cells in this age group.

As we and others have noted before, in vitro in-
cubation with thymic factors results 1n an incrcase
in the proportion of E-rosetting cells in subjects
with 1nitially low values (10,13,14). Of interest in
the present study, a similar magnitude of response
to f-5 1n vitro was found after 2 weeks and 1 month
of optimal nutritional rehabilitation. This indicalcs
that despite chnically satisfactory nutritional recu-
peration, f-5 responsive and presumably immature
cells may still be found in the circulation. Indeed,
this response to f-5 may be a uscful functional indi-
cator of recovery of the immune system with nutn-
tional treatment for severe PEM. By 4 wecks of nu-
tntional therapy, the mean proportion of E-rosct-
ting cells 1n vitro in the presence of f-5 reached the
value observed 1n vivo in mildly malnounished con-
trols (10). The failure to accomplish this degrec of
in vitro restoration earlier in the course of treat-
ment suggests that there may be subpopulations of
cells responsive to different thymic hormones and/
or a prethymic lymphocyte defect in PEM, rc-
suluns 1n a deficit of cells able to respond to the
thymic hormone signal.

Thus, 1n contrast to other data (4), our results
show that clinically acceptable nutritional recuper-
ation does not guarantce concomitant reversal of
the T-lymphocyte abnormalitics associated with
PEM. Therefore, therapcutic mcasurcs aie still
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needed to accelerate the improvement in immuno-
competence. Studies 1n patients with primary im-
munodeficiencies have led to the concept that the
degree of responsiveness of T-lymphocytes to in
vitro treatment with thymosin represents the level
of thymic factor-associated CMI deficiency 1n the
patient (13,14). Because of the in vitro effects of -5
on E-rosettes in PEM patients and because in vivo
administration of thymic factors to some immuno-
suppressed patients can improve immune function
(13,14), administration of f-5 to malnourished chil-
dren may represent one way to accomplish more
rapid restoration of CMI functions. Because 1t 1s
possible that subpopulations of T-lymphocytes
could respond to different thymuic factors, it may be
necessary to administer various thymic factors to-
gether for maximum improvement. If successful,
however, this therapy might reduce both morbidity
and mortality from infection during the clinically
vulnerable initial period of nutritional therapy
(15.16) until full recovery of the T-lymphocyte
system can occur

Acknowledgment: Supported 1n part by grant HD-11844
from the National Institute of Child Health and Human
Development, NIH, Bethesda, MD, and a grant 1n geo-
graphic medicine from the Rockefeller Foundation, New
York, NY.
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The effect of dietary lactose on the early recovery
from protein-energy malnutrition. I. Clinical and

anthropometric indices'>

Nocl W Solomons,® MD, Benjamin Torun,! MD, PhD, Benjamin Caballero,® MD,
Samuel Flores-Hucerta® MD, and Guido Orozco,! MD

ABSTRACT  To assess the advisability of using lactose-containing formulas in the rehabili-
tation of szverely malnounshed children, indices of chinical recovery, growth and restoration of
body protems and gastromntesunal function were measured longitudinally during the insual 45
days of hospitahization in 20 male, preschool children with kwashiorkor and marasmic-kwashior-
kor. All patients recaived a diet based on cows’ milk, but half were allocated to a formula
pretreated with S-galactosidase o hydrolyze the lactose, while the others received the unireated,
intact milk. The groups were identical with respect to clinical cnileria on admission. For the final
37 days of the protocol, the subjects received 4 g of protein and 150 kcal of encrgy per kg per
day. More diarrhca was expericnced by the intact lactose group during early hospitahization.
Overall, recovery was satisfactory in bath cohorts, and there were no diffcrences in rates of
growth, body protein repletion, restoration of energy reserves nor intestinal functions. In
conclusion, the routine reduction of lactose content from a milk-based diet for severe protein-

energy malnutnuion offers no advantages.

Am J Clin Nuir 1984,40:591-600,

KEY WORDS  Diarrhea, diet therapy, dictary carbohydrate, growth, lactase, lactose intcl-
erance, milk, protein-energy malnutsnition

Intraduction

Milk is a source of high quality protein,
frequently used for the recuperation of chil-
dren with protein-cnergy malnutrition
(PEM). Subsidies from the World Food Pro-
gram, governmental agencics, and some pri-
vate voluntary organizations have facilitated
the distribution of milk for famine relief and
for routine programs of inpatient and out-
patient treatment of endemic malnutrition.
In the extensive 25-yr experience with sev-
eral hundred children admitted to the Clin-
ical Research Center of the Institute of Nu-
trition of Central America and Panama (IN-
CAP), milk has been used along with a host
of other protein sources as the basis of re-
covery diets in various forms of PEM. Based
on the excellent results obtained (1), cows’
milk became the main ingredient in our
routine therapeutic diets. However, its suit-

lactose. Children with severe PEM com-
monly have a reduced activity of intestinal
lactase, the mucosal enzyme responsible for
the digestion of lactose (2-5), and it has been
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suggested that feeding this disacchande can
retard nutritional recovery (6, 7). Low-lac-
tose or lactose-free milke can be produced
using the processes of 1n vitro hydrolysis (8)
or ultrafiltration (9). These procedures add
considerably to the cost of milk, but the
increased cost might be justified if the ab-
sence of lactose in a milk-based diet were
shown 10 accelerate recovery from PEM.

The theoretical objections to milk-feeding
in PEM are generally based on two consid-
erations: /) that the carbohydrate, lactose,
will be poorly absorbed, with consequently
decreased effective utilization of the dietary
energy; and 2) that the osmotic and fermen-
tative effects of nonabsorbed carbohydrate
in the intestine will produce or exacerbate
diarthea. In relation to the first issue, it
should be considered that the appropriate
formulation of the recovery diets requires
supplementation of native cows' milk with
additional energy sources (dextrins, sucrose,
vegelable oil) to provide a food that delivers
about 4 g protein and 150 to 200 kcal/kg.
Lactose would represent only 11 to 16% of
total energy in such diets, and recent studies
in rats (10) and human volunteers (10, 11)
suggest that a large portion of the energy in
carbohydrates escaping digestion and ab-
sorption in the small bowel can eventually
be absorbed from the colon, most probably
in the form of volatile fatty acids (12). The
second consideration is not casy to assess,
since the cnitena used in different studies to
describe diarrhea are not uniform and fre-
quently do not allow the determination of
worsening of the diarrhea that often accom-
panies the PEM syndrome.

Thus, given an array of problems with the
interpretation of previous reports, and given
the newer insights into colonic carbohydrate
metabolism, we undertook a systematic ran-
domized trial of formulas based on whole
cows’ milk versus lactose-hydrolyzed milk
during 45 days after beginning treatment of
20 Guatemalan children with severe PEM
of the edematous type. This paper describes
the clinical results and intestinal functions

Y Chief, Division of Nutntion and Health, and Di-
rector, Clinical Research Center, INCAP.  *Fellow,
World Hunger Programme, United Nations Univer-
sity/INCAP. ? Resident physician, Clinical Rescarch
Center, INCAP.
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in terms of stool characteristics. An accom-
panying paper (13) gives detailed informa-
tion about the absorption of dietary nu-
trients.

Patients and methods

Subjects

The subjects were all male, Guatemalan preschool
children of Maya or ladino (Mayan-Caucasian) descent,
between the ages of 15 and 36 months, who were
referred to INCAP for treatment of kwashiorkor or
marasmic-kwashiorkor. Only 20 of 32 children ong-
nally admitted completed the experimental protocol.
Of the remaindcr, five dicd shortly aller hospitalization,
and seven had persisient vomiting or infections that
required intensive and prolonged treatment and drast-
ically dimimished spontaneous oral intake. The study
protocol was approved by the Commitice oa Human
Research of INCAP and the Committee on the Use of
Humans as Experimental Subjects of MIT. Informed
wrilicn consent was oblained from the patients’ parents
upon admission 10 the Clinical Rescarch Center, after
the nature and purposes of the study had been ex-
plained,

On admussion, a clinical history was obtained from
the child’s mother, wvath special attention being given to
antecedents of diarrheal episodes, pnor adrinistrauon
of antibiotics and “home remedies,” recent growth pat-
tern, and concurrent infectious illnesses All children
had edema of the lower (and some of the upper) extrem-
iies, bnttle and casily pluckable hair, decreased sub-
cutancous fat, and plasma concentrations of total pro-
teins and albumin below 5 1 and 3.5 g/dl, respecuvely.
The climcal seventy of thetr edema was scparately
a?cssed by two pediatncians and classified on a scale
of 1 t103.

Routine care was provided by the full-time stafT of
nursing aides of the Chnical Research Center. Temper-
ature and pulse rates were monitored every 4 h dunng
the first 3 wk, and every 12 h thereafter. Nurses recarded
and reporied chnical observations at the end of the
three daily shifts. Treatment for infecuons and other
complications was started immediately upon detection
afier admission, The Center was attended full-time by
a resident physician who examined each pauent daily,
and by three expericnced pediatncians Suspected in-
fectious illnesses were confirmed by ciinical examina-
tion and macrobiological cullures, and anubiouc ther-
apy and other supporuve measures were insututed as
indicated dunng the course of recovery.

Assignment of dietary regimen

On the day of admission, each child was assigned 1o
either the intact milk (IM) or the lactose-hydrolyzed
milk (HM) group by 2 process of siranfied, binary-
choice allocation. By this process, we attempled .to
match the groups as closely as possible wath respecj o
age, clinical seventy, degree of edema, estimared weight
for height deficit corrected for edema, serum protcin
concentrations, and history of diarrhea 1immediately
before admussion. Thus, the first child was assigned by
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binary choice (2 coin toss) to a given treatment, If a
subsequently admited child was closely similarly to the
first child in terms of the aforementioned critena, he
would be assigned 10 recetve the opposite dietary treal-
ment. If a child did not substantially resemble any
previously admitted patient, he was once again assigned
by coin toss to receive ont or the other dictary formulas

The final goal was to complcie 10 chuldren with each
of the dietary regimens Thus. when one treaiment
quota had been filled, the remasning cluldren were all
assigned to the other dict This “matching” of pauents
wdas employed simply 10 encourage the final equivalency
ol the treatment groups, and not for painng the subjects’
data in the final analyscs of the resulis.

Dicts

Mcals were prepared in the metaholic kitchen of the
Climical Research Center. They consisted of a hquid
formula providing vanous amounts of prolein and car-
bohydrate, advanced in a siep-wise fashion during the
first week of the protocol (Table 3) Dunng the first 2
days in the hospital, the children were fed 0.7 g casein
and 70 kcal/kg/day. Thercafier, the protein source was
milk from a single lot of recently prepared powdered
whole milk (Prolac, Guatemala City). The dry mulk
contained, per 100 g, 4.7 g residual humidity, 6.2 g ash,
27.4 g protein (15.7% nitrogen), 20.5 g fat, and 41.2 g
carbohydrate (calculated by difference). The formulas
contained milk, sucrose, soyhean oil, and 8 mineral
mixture (14) At full strength, 32% of the carbohydrate
calones and 16% of 10tal energy was derived from ntact
(or hydrolyzedd) lactose. Table | shows their protein and
encrpy delivery. Additional water was provided ad hbi-
tum, and the patents received every day vitamins,
minerals, and electrolytes in adequate amounts to sat-
isfy the needs and replenish the stores of malnourished
children (14) The 1o1al daily ration was divided into
five equal servings, fed at 3-h intervals between 8 AM
and 8 PM. Thus, from day 8 onward, cach meal would
dechver 1.2 g lactose per kg of hody weight. Dietary
intakes were measured by differential weighing of the
food containers before and alter each (eeding.

A commercial, food-grade, B-galactosidase from
Kluyverumyces lactis (LactAid. Sugarlo Company,
Pleasantville, NJ) was added to the HM formulas at a
dose of 1 drop of LactAid per 2.9 g of milk protein,
equivalent to 10 drops per hier of fuid cows' milk, as
recommended by the manulacturer for >90% lactose
hydrolysis The Lyund formula was thoroughly mixed,
divided into individual meal servings. and stored in the
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relngerator (4 10 6°C) for use 24 10 96 h later, The

hydrolytic effect was previously assessed by companng

lactose hydrolysis alicr adding the enzyme to the com-
plete HM formula, to reconstituted powdered milk

alone, and 10 reconstituted powdered mitk combined

with the other ingredients of the formula After 24 h at

4 to 6°C, 93.7, 89.3, and 95.3% hydrolyses were

achieved, respectively.

Anthrupometric measurements and growth
assessments

The children were weighed each morning, belore
breakfast, on a tnple beam balance (Douglas-Homs Co,
Burlingame, CA) On admission and every 7 days, the
following indices were measured length; circumler-
ences of the head, mid-arm, and calf; and subcutancous
skinfold thicknesses in the tncipital, subscapular, and
paraumbifical regions (Lange calipers, Cambndge,
MD) The edema-free weight on admussion was calcu-
lated from the extrapolation of the lines correspanding
to the initial rate of weight-loss due 1o diuresis of edema
fluid and the initial rate of rapid catch-up growth (Fig
1). Total weight gain in 45 days was calculaled from
this edema-free weight and the mean weight on days 41
to 47. The daily rate of initial, rapid caich-up weight
gain was calculated from the slope of the regression line
of data points of body weight from the point of deflec-
tion after diuresis to the first change in velocity sited
from a graphic plot. This linear segment of daily weight
increments ranged from 13 to 41 days (25 x 7, mean
+ SD) in various children. Adequacy of weight for
height was calculated in relation to the 50th percentile
of the Harvard standards (18).

Intestinal functions

Each stool was evaluated in terms of physical char-
acterisucs, pH (Utmus indicator paper) and the semi-
quantitative estimation of the concentration of reducing
subslances {(Clinitest tablets, Ames Laboratones, Elk-
hart, IN) (16). Compleie daily fecal oulput was collected
and weighed on days: 210 5; 1210 14; 2210 24; 32 10
34; and 42 t0 44. Tl.z children in group HM were fed
the IM formula on days 46 to 50, and their stools
examined to investigate changes afier eating a lactose-
free diet for 45 days.

Feces were classified as abnormal when they were
hquid, semiliquid, or contained mucus, visible fat, or
bloud. Inhospinal dianhea was dcefined when any two
of the following criteria were mel in the same day: 1)

TABLE 1|
C ompommn of ){ secovery dlc_ts_?_ed__s_chcdulc of advancement of prolcin and energy contem®
ul::; ::" Protem Encryy Fai Lactese :::'::
xikalduy Aesljhg/duy  § % Aeal e/hg/day
0-1 0.7 70 30 Casein
2-3 l 100 30 Olorl5
4-5 2 120 40 0.3 orl0 Intact cows' milk or wvith
6-1 3 150 40 Q40rd$ >90% lactose hydrolysis
8+ 4 150 40 0.6 or 6.0

® Five daily meals, cach with one-fiith of the amounts descnbed. Supplemented with minerals, vitamins,

clectrolytes and water.
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FIG 1. Daily weight chart of a patient treated for edematous prolein-energy malnutntion, showing: /) the
gradual increase in nutrient delivery from 0.7 g protein and 70 kcal 10 4 g protein and 150 keal/kg/day; 2) the
initial weight loss due to loss of edema fluid; 3) the extrapolations to estimate the patient's weight on admission,
correctied for the weight of edema (“dry weight™); 4) the initisl phase of rapid catch-up, which follows a linear

function, and the subsequent moderation of weight gain; 5) the final weight in a 45-day study.

at least half of the stoals had abnormal physical char-
acienstics; 2) more than 150 g of feces excreted in 24
h; 3) one or more stools had pH below 6.

Other laboratory determinations

A routine batiery of tesis. which included hemato-
Jopical, biochemical, and bacteriological analyses, was
performed on admission, and thereafier as required by
each patient's chnical evolution. The concentrations of
blood hemaoglobin (automated cyanomethemoglobin),
plasma proteins (refractometry), and plasma albumin
(bromcresol purple) were measured at weekly intervals
from blood obuined by fingerpnck. Serum iron and
sron-binding capacity (pyndy} bisulfite) were mcasured
ininally and at the end of the study. Unnary creatinine
excretion {automated picrate method) was measured in
toal urine callected on the same days when feces were
callected and weighed. The creatinine-height index (17)
was calculated as an indicator of body protewn deficit
and replenon. The lactose content of the diets was

determined by the glucose-oxidase method before and
afier complete hydrolysis with s-galactosidase.

Statistical analyses

Weighi gains were calculaled by linear regression
analysis. Differcnces belween reatment groups were
assessed by analysis of vanance and by x? and “Stu-
dent's™ { test (18) as appraopnate.

Results

Hydrolysis of lactose in diet formula

Analyses of 15 HM aliquots showed that
91 10 100% of lactose was hydrolyzed afier
treatment with LactAid.

Comparability of treatment groups

Table 2 shows that on admission the
groups of children assigned to either dietary
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TABLE 2
Selecied comparative data on admussion and at the end of the study®
Admnsen te INCAP End of the study

Inalact sk Mydrolyzed milk Intact milk Hydrelyzad milk
Age {mo) 23%6 216 246 236
Ht (cm) 746 £ 3.2 75.6 £ 1.5 763z 3.) 774 £ 3.6
Ht for age (mo) 1212 123 13£2 143
Wi (kg) 687 £ 09i1 7113+ 1.02¢ 9.14 + 1.20 962+ 1.34
Wi for ht (%)$ 70 % 8t 7227t 398 928
Lean arm diamcter (mm)§ 283 293 3212 35%3
Calf circumference (cm) 1372 1.3 139 1.5 156+ 1.4 16.1 £ 1.6
Skinfold thickness (mm) | 3416 31zl 64 %21 60x1.6
Creaunine-ht indeat 06320.16 0.65 £ 0.12 1.07 £ 0.08 106 £0.10
Scventy of cdema®® 2009 2.1+09
Plasma protcins (g/dl) 42206 4406 7.1£0.3 7.1£0.5
Serum albumin (g/dl) 23208 22x0S5 5404 52203
Hb (2/dl) 9907 95+20 10614 10608
Serum iron (ug/dl) 5519 5819 54 £33 5728
lr%!;)bmdms capacity (ug/ 128 42 125 £ 30 347 £ 21 349 % 44

® Mean % SD, 10 children in each group.
1 Corrected for weight of edema.

$ Relative 10 Harvard standards, where 100% = 501h percentile (20).

§ Corrected for skinfold thickness.

| Average of 3 sites: tricipital, subscapular, and parumbilical,

1 Normal >0.90 (22).

*% | = ecdema below knees; 2 = edema involving thighs; 3 = edema involving arms.

TABLE 3
Intestinal and absorplive function dunng the first
three days of hospll.ll_lz_alion

——
—

Lactese-

Intact mulk hydioly zed milk
Children with diarthea® 3+ 4+
Stools
Nz ol‘)cvacuanons (stools/ 4009} 282 1.23%
ay
% with abnormal charac- 8720 63 £32
tenslics
Averagedaily wi (g/day) 2432174 1721108
Children with acid stools 5 4
(pH <5)
Chuldren with fecal reducing
suhslances.
only iraces 2 4
+ 10 ++++ T+ 4+

* With 2 or 3 of, 1) acydic pll; 2) > 150 g feces/day;
3) >50% hquid stools or any stool with blood or mucus.

t Groups differ, x2, p < 0.05.

$ Means differ, “Student's”™ 1 test, p < 0.085,

treaiment were similar in age, severity of
PEM, anthropometric characteristics, and
biochemical indices of malnutrition. Al-
though they had similar histonies of recent
or current diarrhea, more children in the
group fed iM than that fed HM had abnor-
mal stools and diarrhea starting from the
day of admission (Table 3).

Clinical evolution

In addition to the anthropometric changes
described below, both groups of patients re-
covered well and in a similar fashion. The
clinical signs and symptoms of acute, severe
PEM disappeared at about the same rate in
both groups. For example, clinical (ie, “vis-
ible™) edema disappeared within 3 to 15 days
of treatment in group IM (10 + 4, mean +
SD) and within 4 to 18 days (9 + 5) in group
HM. While in the Clinical Rescarch Center,
six children from cach group had illnesses
that did not interfere with the dietary treat-
ment such as upper respiratory infections,
otitis media, tonsilitis, diarrhea, and nonspe-
cific fever. These were treated symptomati-
cally, or with the appropriate antibiotics.
The length of time during which the six
children in each group were ill was 1 to 1]
days (5.8 + 4.2) in group IM and 2 to 15
days (7.8 + 4.4) in group HM.

The hematological 1ndices of all children
improved, although many had not rejiched
normal hemoglobin concentrations by the
end of the study (Table 2), not an unusual
finding afier 45 days of treating children
with severec PEM (19).
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Growth and anthropometric recovery

The recovery of weight-for-height was par-
allel with the two dictary treatments, with
no differences registered at any interval (Fig
2). Not all children, however, had reached a
status of 91% of the standard by the end of
the 45-day protocol period (Fig 3), but fully
half of both cohorts had attained this land-
mark of recuperation. Not only were the
mean final outcomes with respect to pon-
deral and lincar growth and to recovery of
anthropometric indices equivalent in both
groups (Table 2, last two columns), but the
distnbution of the data for each parameter
was alsb closely similar (Fig 4). Of special
note is the rate of weight gain during the
jnitial period of catch-up growth: the 8.5 +
0.9 and 8.7 £ 1.5 g/keg/day of the IM and
HM groups, respectively, are not different.

SOLOMONS ET AL

Body proteins

The restoration of tolal plasma proteins
and scrum albumin was rapid, and followed
a parallel, identical trajectory without rc;ud
1o the assignment of diet (Fig 5). Afier 3 wk
of treatment, mean levels of both had re-
turned to the normal range. The recovery of
transferrin levels, another index of visceral
protein, was adequate by the end of the
study, as indicated by the increase in total
iron-binding capacity (Table 2). Lcan body
mass, as estimated by the creatinine-height
index, recovered more slowly, but, by the
end of the 45 days, all patients in both
cohorts had a urinary creatinine excretion
appropriate to their height (Fig 3).

Stool characteristics and diarrhea

Table 3 shows that more children had
diarrhea and fecal reducing substances dur-

Mean ¢ standard

Lactose hydrolyzed
Intact milk
A ‘nfact mi A milk { error of the mean
a5
" T
90 —
85 —
Weight
{or
height,
o/o of
standard 80—
75
70~
)7
o1
D | 1 i | I | | 1 !
0 7 14 21 28 35 42

Days of treatment

FIG 2. Weaight expectied for height, as percentage of the reference (median of the Harvard standards), of
children treated with intact or lactose-hydrolyzed mulk diets Mean + SEM of weckly measurements; 10 children
i1a cach group.
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Mean
— — — — Lower normal limit Std. error
110 Intact milk  Hydrolyzed milk intact milk  Hydrolyzed milk
100+
1.20-
7 AWy A | A
Weaight 1.00-1
for 80~ Creatinine- - - r. -
height height g9
0/o of 704 f ! index
standard 60 I }
60-
.‘o-
S0 1 J | R |  { | 1
0 4 0 45 Days of treatment 0 45 O 45

FIG 3 Individual and group (mean + SEM) changes in two indicators of nutritional recovery afier 45 days of
treatment with intact or lactose-hydrolyzed mulk diets. A minimum of 92% in weight for height and 0.90 in

creatinine-height index are considered normal.

WEIGHT RAPID HEIGHT
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. s » ®
30 7 4 . . 5 -
20 ¢d 0l _u
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ARM CIRCUMFERENCE THICKNESS
DIAMETER {Sum of 3 utes)
mm/40 dayp mm/40 days mm/40 days
o 15 1
101 o .=
3 o 125 - .
v e s Il
[ ] .-E-‘ 10 4|® n
.A-m -
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. 104] @ 5 |0 =
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y "I 25"
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I H Il H Il H

FI1G 4. Indivdual and group (mean) changes in indices of growth after 6 weeks of treatment with intact (/) or

lactose-hydrolzyed (1) milk formulas.

ing the initial 3 days of treatment with IM
than with HM. The number of daily stools
was also greater in the 1M group, although
the proportion with abnormal physical char-
actenistics and total fecal weight were similar
in both groups. It should be recognized that
duning this initial postadmission period, no
lactose was fed on day | and the amount fed
on the following 2 days was only 0.3 g/kg/
meal, which was one-fourth of the carbohy-
drate fed from day 8 onward.

Diarrhea disappeared or improved with-

out specific treatment in both groups as
nutritional recovery progressed, and no pa-
tient required special hydration measures.
Stool characteristics and incidence of diar-
rhea were similar with both trcatments at
cach of the four subsequent metabolic bal-
ance periods. Large or abnormal fecal gvac-
uations were not infrequent in two chldren,
but their growth and nutntional recovery
were satisfactory. When the children in the
HM group were fed intact milk-based for-
mula on days 46 to 50, there were no
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FIG 5. Concentrations of total plasma proteins and scrum albumin of children treated with intact or lactose-
hydrolyzed milk formulas. Mean £ SEM of weckly measurements; 10 children in cach group.

changes in the stool characteristics com-
pared to their last balance period on the
hydrolyzed formula.

Discussion

There is no doubt that the combination
of nutntional injury and infectious insults
reduces the capacity of the intestinal mucosa
to digest lactose in severe PEM (1). The use
of milk with low lactose content in mal-
nounshed populations has led to contradic-
tory and inconclusive results. Zaal (20) re-
ported that lactosc-hydrolyzed milk was in-
ferior to whole milk in its effect on growth
of school-aged black children in Surinam.
The methods of storage and reconstitution
of the dried milk used in this study, however,
might have altered the quality of the protein
in the lactose-hydrolyzed milk via the Mail-
lard reaction. Evaluation of lactose-contain-

ing foods in young children with severc PEM
syndromes has been conducted in Australia
(21, 22), Kenya (23), and Biafra (24). The
limitation of these previous attempts to
compare lactose-containing and lactose-free
diets in the recovery of children with PEM-
related to the briefl length of obscrvation
(21-23), the noncomparability of treatment
groups (21, 22), or the noncomparability of
nutritional quality of therapeutic diets (24).
We addressed these problems by: /) institut-
ing a 45-day protocol to permit the quanti-
fication of rapid caich-up and overall
growth, perhaps the two most sensitive in-
dices of the nutritional adequacy of a recov-
ery regimen; 2) feeding identical formulas
to the two cohorts, except for the addition
of a food-grade g-galactosidase to the diet of
one (HM) group which eflfectively hydro-
lyzed over 90% if the lactose; and 3) allo-
cating the patients to the alternative dictary
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trecatments in such a way that the two groups
had equivalent characteristics and anteced-
ents of illness at the onset of the feeding trial.

We found a complete overdap of both
treatment groups with respect to clinical fea-
tures, weight gain and other anthropometric
tmprovements, body protein repletion, and
overall nutritional recovery. The mean daily
weight gain during the initial phase of rapid,
catch-up growth was about 13 times greater
than the average of healthy children of sim-
ilar height and age. The difference in stool
characteristics observed duning the first few
days of treatment were not clearly related to
the intact milk int2ke. In any event, the
subjects experienced no profuse diarrhea, no
impairment of hydration requiring special
schydration measures, and absorption and
retention of nutrients was satisfactory (13).

There is no reason to believe that our
group of patients did not share the same
characteristics of intestinal lactase activity as
reported for other series of children with the
same type and severity of PEM. The criteria
for children as lactose-malabsorbers in other
studies has generally been an intestinal mu-
cosal biopsy or a response 10 a supraphy-
siological challenge with lactose in aqueous
solution. However, the most reasonable dase
and form of lactase with which 1o assess the
absorptive status of malnourished children
is probably that which is contained in the
amount of milk that provides the protein
requirements during recovery, our routine
meal delivery of lactose was precisely that
amount.

The gradual introduction of proteins and
cnergy into the diet of severely malnourished
children is an important feature of any well-
conceived recovery regimen (14, 25), as the
metabolic challenge induced by feeding too
much, 1oo soon, may disrupt the labile ho-
meostatic balance of children with PEM
(26). In fact, rapid refeeding increases the
risk of monrtality (27), It is possible that the
more conservative approach followed 1n our
dietary therapy reduced the probability of
untoward effects of lactose intake in children
with a degree of lactase deficiency. If our
findings in relation to diarrhea at the begin-
ning of treatment were in fact related to
milkh intake, thcy would suggest that the
intestine of the recently admitted child with
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severe PEM might be exquisitely sensitive 10
lactose. The gradual increase in the delivery
of milk protcin and therefore of lactose,
might result in some form of intestinal ad-
aptation or enzymaltic rchabilitation, such
that by the time the diet has been appropri-
ately advanced to therapeutic Jevels, the in-
testine handles the lactose content of the IM
formula as well as the lactose-free carbohy-
drates of the HM ration.

A prospective follow-up of children con-
valescing from persisient diarrhea reporied
from Houston (28, 29), found an inferior
immediale growth response in the cohort of
patients assigned to receive a lactose-con-
taining formula, as compared to the group
fed a soy protein and sucrose regimen. It is
diflicult to judge whether the extent of the
intestinal lesion in that study prevented
rapid normalization of lactase activity, or
whether the protein source was a factor in
the differential response. Such results, how-
ever, could suggest that some malnourished
patients with intestinal complications might
not tolerate lactose during the occurrence or
convalescence of the diarrheal disease. In
those PEM patients—as in children with
severe lactase deficiency and intolerance to
lactose following intestinal injury—the re-
duction of the disaccharide content of milk
can be indicated 1o preserve the use of this
highly digestible protein source.

Our data can be interpreted, however, as
indicating that lactose hydrolysis or the use
of lactose-free diets, are not necessary for
the routine dictary therapy for preschool
children with severe edematous PEM, when
sound principles of dictary management and
gradual advancement of nutrient density are
followed. The additional cost of eliminating
the lactose from milk prior to its use for the
rehabilitation of malnourished children
might have been justified had the clear su-
penority of our HM regimen been demon-
strated, In the absence of such a result, how-
ever, we must conclude that available sup-
plies of milk can be used intact to provide
the protein-base for recovery diets for se-
verely malnourished children, even iy the
carly, postadmission period of recuperation.
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The effect of dietary lactose on the early recovery
from protein-energy malnutrition. Il. Indices of

nutrient absorption'~®

Benjamin Torun,* MD, PhD, Noel W Solomons,’ MD, Benjamin Caballero,* MD,

Samuel Flores-Huerta,® MD, Guido Orozco,? MD, and Oscar Pineda,'® PhD

ABSTRACT  Absorption of dietary energy, nitrogen, carbohydrates and calcium, and reten-
tion of nitrogen and calcium were studied in 20 children with protein-energy malnutntion of the
edematous 1ype, using metabolic balance techniques and breath H, analysis, to assess the
advisability of using lactose-containing formulas tn the rehabilitation of severely malnounshed
children Ten patients received for 45 days a dict formula based on cows’ milk (sntact milk) and
10 simular children received the same formula pretreated with S-galactosidase to hydrolyze the
lactose (hydrolyzed milk). Dietary intakes were gradually increased 1o reach, on the $ithday, 4 ¢
of protein and 150 kcal/kg. There were no differences between groups with respect o absorption
or retention of the index nutrients. Postprandial carbohydrate malabsorption was occasionally
observed in two pantients with servings of the intact milk formula, and in one with the hydrolyzed
milk diet. When the nutntional quality of a diet is assessed, the amount of nutnents that are
gbsorbed and uuilized are more important than the small, incompletely absorbed fractions that
do not have significant metabolic or chnical implications. Therefore, the use of mulk as the

protein source for recovery dicts is not contraindicated in the routine treatment of PEM.

J Clin Nuir 1984 40 601-610.
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Introduction

Although milk is a source of excellent
dietary protein and is often available for the
treatment of malnutntion in developing
countries in which protein-energy malnutri-
tion (PEM) is highly prevalent, many clini-
cians have been reticent to advocate the use
of whole cows’ milk as the busis of recovery
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diets for severely malnourished children (1-
3). The technology for reducing or removing
the lactose content of milk provides a poten-
tial solution to any difficulties that might be
attributable to the carbohydrate. However,
before jusufying the additional expense of
providing low-lactose or lactose-free milk,
the cost-effectiveness of the performance of
unaltered whole cows’ milk should be as-
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sessed. In comparing intact milk with Jow-
lactose milk, not only are effects on clinical
recovery, growth and stool charactenstics of
concern, but also the absorption and utili-
zation of nutrients.

Since the decreased transit time and net
accumulation of fluid in the intestinal lumen
expected to result from major malabsorption
of lactose might reduce the efliciency of the
digestion and/or absorption of other dietary
constituents, it is reasonable to investigate
whether the utilization of dietary nitrogen
or energy arc impaired when lactose-con-
taining foods are consumed by lactose-mal-
absorbers. Graham and Paige (3) reported
an acute, transient decrease in nitrogen ab-
sorption in lactose-intolerant children who
were fed a formula that had a lactose content
of more than twice the lactose/protein pro-
portion in cows’ milk. In studies by Bowic
(4) and Brown et al (5), in which the delivery
of lactose in the diet was more moderate, no
reduction in the apparent absorption or re-
tention of macronutrients was observed.

Adequate calcium nutriture is cntical to
the child recovering from PEM to provide
for skeletal mineralization in situations dur-
ing which longitudinal caich-up growth rates
of up to 2 cm per month can be achieved.
Lactose promotes calcium absorption in ex-
perimental animals (6-11), while lactose-
hydrolyzed milk produced inferior calcium
bioavailability for human subjects (12-14).
A decreased absorption of calcium was re-
ported in lactose-malabsorbers consuming
intact milk, however (14-16).

In the context of the exploration of the
effects of lactose on clinical features and
growth during the early recavery of Guate-
malan preschool children with severe PEM
of the edematous type (17), we have also
examined the efficiency of absorption of
protein, calcium, total energy, and carbo-
hydrates in two well-matched cohorts of pa-
tients treated with intact milk (IM) or lac-
tose-hydrolyzed milk (HM).

Patients and Methods

Subjects

Twenty Guatemalan boys of Maya or ladino (Maya-
Caucasian) descent, 15 10 36 months old, with severe,
acute edematous PEM (kwashiorkor or marasmic-kwa-
shiorbor) participated in the study for 45 10 50 days.
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They were assigned at the time of admission to cither
one of two dictary treatment groups by stratified binary-
choice allocation. Both groups of children were similar
in age, seventy of edema, anthropometry, and history
of diarthea. The critena for selection, the characteristics
of the patients and the therapeutic regimens were de-
scribed 1n an accompanying article (17). Informed con-
sent was obtained from the children’s parents upon
admission 10 the Clinical Rescarch Center. The rescarch
protocols were approved by INCAP's Comautice on
Human Research and MIT's Commitiee on the Use of
Humans as Experimental Subjects.

Diets

+ As described in the companion article (17), the two
groups of children received either 2 diet based on intact,
whole cows' milk as the protein source, or the same
formula after adding a S-galactosidase (lactase, LactAid,
Sugarlo Company, Pleasantville, NJ} to hydrolyze
more than 90% of the dietary lactose into its constituent
monosaccharides On the Ist day, the children received
0 7 g casein and 70 kcal/kg/day. The experimental diets
conltained milk protein and total energy, which were
increased on days 2, 4, 6, and 8, respecuvely, to | g and
JOO keal, 2 g and 120 kcal, 3 g and 150 kcal,and 4 ¢
and 150 kcal/kg/day. This level of intake was main-
1zined constant for the remainder of the study. Soybean
o1l was added 10 the dried, whole cows’ milk 10 provide
a tota] of 40% of dietary energy as fat, and the balance
of the prescnbed energy was provided by sucrose. The
diets were supplemented with adequate amounts of
vitamins, minerpls, and electrolytes. The diets were
divided into five equal meals, fed at 3 hintervals, during
the course of the day. On days 2 to S, the children
ingested with each meal, as an average, 0 45 g of either
intact or hydrolyzed laciose per kg body weight, and
from day 8 onwards, 1.2 g/kg. The group receiving the
untreated formula was designated as the intact mitk or
IM group; the children receiving the lactase-treated
formula diet were identified as the lactose-hydrolyzed
miulk or HM group. Afir day 45, the 10 children in the
HM group were fed the HM formula for 5 more days.

Meiabolic balance studies

Complete collection of urine and stools were made
in all children dunng days 210 5, 12 to 14, 22 to 24,
32 to 34, and 42 to 44. Collections were also made on
days 48 10 50 in those children inially assigned 10
group HM, but subsequently switched to the intact milk
formula afier day 45. Dunng the first two balance
periods, the children usually did not walk and were
confined to a metabolic bed with a weighed fecal basin
in place and a plastic urine collector diverting the unne
into a separate bottle containing 5 ml of 50% hydro-
chloric acid as preservauive. Once the child was ambu-
latory and advised the nursing staff about defecating or
his pattern of defecation was known, he was allowed to
move around freely in the Clinical Research Center
facilities and playground, wearing a self-adhesive poly-
ethylene urine collection bag. All stools were collected
into preweighed, plastic basins, and the weight of each
stool was recorded. Stools were refrigerated duning the
duration of each balance period, and then pooled pro-
pontionately and [rozen. Later, stools were dned in
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ovens at 90 to 100°C unuil they reached a constant
weight, pnor (0 analysis. Previous expennments showed
no differences in fecal fat, nitrogen, or total encrgy
between this procedure and drying 1n a vacuum oven
at 30 10 40°C, Bnlhant bluc was used as fecal marker
to identufy the beginning and end of the collection
penod.

Dupllcgte samples of diets were collected and frozen
for analysis. Accurate records of the weights of diets
consumed in each meal were Lkept by the nursing stafT.

Determunation of nitrogen absorption and retention

The nitrogen contents of diets, unne and feces were
determined in duplicate using a micro-Kjeldahl
method. “True™ nitrogen digestibility and “true”™ nitro-
gen retention were czlculated by the following equa-
tions:

% true N digesubulity

ingested N — (fecal N — endogenous N)
-— - = X |
ingested N

00

true N retention = ingested N
— [fecal N + urinary N + insensible N losses]

Endogenous N, or obligatory fecal N loss, was assumed
to be 20 mg N/kg/day (18) Insensible N losses were
assumed 10 be 8 mg N/kg/day during the first balance
penod and 14 mg N/kg/day thereafier, based on inte-
gumental N losses with different amounts of protein
intake (19). Nitrogen relention was related 1o the aver-
age weight of the child during the metabolic balance
peniod for its final expression as mg N/kg/da$.®

Determination of calcium absorption and retention

An aliquot of 0 5 g of dned stools was incinerated at
650°C for 16 h; this second fecal ash was dissolved 1n
100 mi of 1| N HCI. Five-gram aliquots of diets were
homogenized by sonication, dned at 95°C for 36 h, and
incinerated at 650°C for 16 h; the ash was dissolved in
100 ml of | N HCIL. Aliquots of 200 ul of unne were
dilutes 10 1, und 200 gl of the dissolved diets and feces
were diuted 20 | 1in 0 15% aqueous solution of lan-
thanum chlonde Calcium concentrations were deter-
mined by atomic absorption spectrophotometry (model
A 775, Vanan Techtron Py L1d, Melbourne, Australia).

The apparent calcium absorption and apparent cal-
cium retention (ie, without accounting for endogenous
or integumental Ca losses) were determined using the
equgdlions:

% apparent Ca absorption

- ingesled Ca — fecal Ca
ingested Ca

x 100

apparent calcium retention
= jngested Ca — [fecal Ca + unnary Ca)

This was also related 1o the average weight of the child
during the balance penod for 1ts eapression as mg Ca/
hg/day.
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Determunanion of toial energy absorplion

Th= energy contents of dned homogenized aliquots
of dicts and stools were dcicrmined 1n duplicate by
adiabatic bomb calonmetry on a Gallenkamp calonm-
eler, using cerufied benzoic acid as standard (Bnush
Chemcal Standard N-190J, Middlesbrough, Teeside,
England). Apparent encrgy absorpion was calculaied
in an analogous fashion 1o that of calcium absorpuon,
using bomb calonmelry daw for ingested and fecal
encrgy. The encrgy of combustion of 100 g of diet,
which contained 4 g protein, 44 g fal, and 235 g
carbohydrate, was, theoreucally; 159 keal (ie, 56, 9 4,
and 4 1 keal/g of protein, fat, and carbohydrate, respee-
tively). The “metabolizable™ energy of those ingredi-
ents, based on the Atwater faciors, was 150 kcal. There-
fore, the net (or “melabolizable™) energy intake was
calculated mujuplying the bamb calonmetry measure-
ments of the diet (gross energy) by 0 943 (ie, 150/159).

Hydrogen breath lests

H, breath tests were performed senally throughout
the study Samples of exhaled air were collected 1n the
rubber bag through a respiratory face mask and a small,
low-resistance Rudolph valve (Warren Colhns, Brain-
tree, MA), as previously descnbed by Solomons et al
(20, 21). Hydrogen concentration was quantified using
a thermal conducuvity gas-sohd chromatograph
(MicroLyzer, Quintron Instruments Co, Milwaukee,
WI) (22) calibrated with certified gases containing hy-
drogen at 53 or 99 8 ppm (Supelco, Bellcfonte, PA, or
Linde Division, Union Carbide, N Chiczgo, IL). The
chromatograph has a coefTicient of error of 2% 1n the 0
to 100 ppm range. Breath samples were collected afier
an overnight fast and at 3 or 4 h intenals afler the
adminustration of breakfast or followang an oral dose of
6 7 g of the nonabsorbable dissachande, lactulose (4-0-
#-u-galactopyranosyl-D-fructofuranose), adminisiered
as a {lavored syrup (Cephulac, Memili-Ndtional Labo-
ratones, Cincinnati, OR) The test with lictulose was
performed on admission and 1 wk later in order 1o
determine the compelence of the colonic bactenal flora
to metabolize unabsorbed carbohydrate with aug-
mented H; excretion in eapired air, since diarrhea (23,
24), antibiotics (22, 25) and the debilitation of severe
malnutntion (26) can reduce the rate of production
and/or respiratory excrehion of Hj. If the patient did
not have a positive response initially, the lactulose test
was repeaied | day before or after each scheduled,
weekly postprandial breath H; study until the child had
demonstrated a colonic flora capable of mounting an
H; response, only in the presence of a positive breath
H; response after an oral of 6.7 g of lactulose would a
flat curve be interpreted as truly negative (ollowing a

feeding of the diel.
The posiprandial tests were done ufler breakfast at

7-day intervals unul day 45, and again on days 46 and
50 1n the paucents of the HM group when switched 10
IM On day 3, the test-meal contained 0 3 g of lictose
(IM formula or of galactose and glucose (HM foimula),
thercafter it contained 1 2 g of the carbohydrates from
mulk. The child remained awake duning the 3to 4 h of
the test, and was allowed water ad libitum but no further
food. To quantify the breath-test response 10 the vanous
carbohydrates, the 1otal breath Ha conceniration and
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the maximum increment above fasting levels were de-

termined. A test was considered “positive,” that is in-

dicative of carbohydrate malabsorption, when the ine

;r:zse in breath H, concentration was =20 ppm (27,
)

Statistical analyses

‘The differences between treatment groups were ex-
amined using “Student’s” 1 test or analysis of vanance.
The changes over time with respect 1o dictary treatment
were evaluated by analysis of covariance for repeated
measutes of the same individuals alter the method of
Winer (29).

Results

Nitrogen absorption and retention

Table 1 provides results on the “truc™
nitrogen retention and absorption for both
the beginning and during the period of full-
stirength nutritional treatment. Actual pro-
tein intakes on days 8 to 45 were 3.88 &
0.10 g/kg/day (mean + SD). No statistically
significant differences in absorption related
10 lactose intake (Table 1) or as a function
of time (Fig 14). There were no differences
between groups in nitrogen retention (Table
1), and the only significant change in nitro-
gen retention with time occurred at the be-
ginning of dietary protein repletion with full
protein intake (Fig 2).

Energy absorption

Table 1 lists the net (metabolizable) en-
ergy intakes and the apparent fractional ab-
sorption of energy. Neither between treat-
ment nor as a function of time (Fig 18) were
any statistically significant differences
found.

TABLE 1
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Calcium absorption and retention

Table | shows the dietary calcium intakes
and absorption efficiencies. There were no
statistically significant differences between
groups nor as a function of time (Fig 1C),
nor were differences in calcium retentions
observed (Fig 3). The within-group variables
in absorption and retention of calcium were
several times greater than those of nitrogen
and energy.

Carbohydrate absorption

The initial lactulose test on the first day
of hospitalization was positive in only five
patients assigned to the IM group and four
of the HM group. The inability to produce
a positive response persisted in several chil-
dren for vanable periods afier beginning
treatment. Also, some children with an ini-
tial positive response lost the capacity to
respond to lactulose due to treatment of
infections with antibiotics. Thus, 33% of all
the H, breath tests after breakfast had an
associated negative lactulose test.

The original analytical plan had been to
interpret each postprandial Hj breath test as
a discrete diagnostic entity, but given the
high proportion of tests associated with neg-
ative lactulose tests, we performed a global,
intergroup comparison of the patrern of H;
excretion in those postprandial breath tests
in which the H, producing capacity was
assured. In neither the pattern of absolute
H, excretion (data not shown) nor that for
the postmeal rise in breath H, concentration
(Fig 4) was an excess frequency of incom-

Metabolic balance and intestinal absorption of dietary protein (i g = 157 mg N), energy, and calcium of
ﬂﬁnourishcd childns:l treated with [M or lactose HM mulk formulas

E———

———

Campesiic of second
First balance pened threugh the feurth
(days 2 1a §) balunpe pcriids
{(afler day 8)
Intake Retenuion Asarpuen Intake Reiention Asarptson
mg/kg/day mg/kg/day % mg/hg/day mg/ke/day %

Nitrogen M 226 = 27° 125 + 41 86110 61116 27170 91x6

HM 242+ 2% 140 £ 35 915 606 £ 17 287 £ 67 91§

Energy M 104 11 { E 94 = 3

. HM 107 £ 10 ol x4 94 £ 2
Calcium M 87 £ 161 I6x16 43+ 15 147+ 10 54 £ 23 3917
HM 86 + 13¢ 3715 45=x1]3 144 £ 16 53x27 39+£17

* Mean £ SD.,

1 Ca CO, was added 10 the formulas on days 2 10 5.
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FIG 1. Absorption of dictary nitrogen (£), energy (2) and caloium (C) during 3- or 4-day balance penods at
10-day intervals, with dicts based on intact (JAf) or lactose hydrolyzed (HM) milk (mean £ SD). Average intakes
were 234 mg N, 106 keal, and 86 mg Ca/kg/day on the first balance period, and 608 mg N, 143 keal, and 146 mg
Ca/kg/day therealter, including inorganic Ca supplement given during the first balance.

plete carbohydrate removal in the small in-
{estine evidznt. On only four occasions in
three different patients—two from the IM
and one from the HM group—were the in-
crements in postprandial breath H; concen-
trations in excess of 20 ppm. Thz IM group
child with a positive response on two occa-
sions and the only HM group child with a
positive response, were among the two chil-
dren in each group who frequently had large
or abnormal stools throughout the study.
The four positive tests represented 6% of all
valid, moming meal experiences. Barr (30)
and Bayless (31) have argued that incom-
plete absorption of carbohydrate substrates

can be diagnosed by an increment of only
=10 ppm. If this criterion were applied 10
our results, we still would classify ony 12
tests (18% of total) as compatible with in-
complete absorption of carbohydrate and,
once again, the distribution of positive test
were almost identical in the two dietary
treatment groups.

Switch from hydrolyzed to intact milk

When the children in the HM ;rou;i'\wcre
switched 1o the intact milk diet for 5 days,
there were no significant changes in the ab-
sorption of nitrogen, energy, or calcium.
Only one child manifested a positive Ha
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FIG 2. True nitrogen balance, including estimates
of insensible N Josses, mecasured for 3 or 4 days at 10-
day iniervals with intact (JM) or lactose-hydrolyzed
(}Af) milk diets (mean £ SEM). Average intakes were
234 mg N (1.49 g proiein)/kg/day on the first balance
period and 608 mg N (3.88 g proicin)/kg/day thereafier.
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F1G 3. Cadlcium balance measured for 3 or 4 days
at 10-day intervals wath intact (/A1) or lactose-hydro-
lyzed (HAM) milk diets (mean £ SEM) Average intakes
were 86 mg/hg/day on the first balance period (includ-
ing inorganic Ca supplement) and 46 mg/kg/day
thercafier (no Ca supplement given).

breath test after being switched from HM
formula to IM formula. This is in accord
with the absence of alterations in diarrhea
or fecal charactenstics (17). Curiously, a
greater retention of nitrogen with the intact
milk formula (298 + 49 mg N/kg/day) oc-
curred than had been seen in the final bal-
ance period on the HM diet in this group
when compared by paired ¢ test (p < 0.05)
or when analyzed over time by analysis of
covanance (p < 0.05) (29). Calcium reten-
tion did not change with the dictary modi-
fication,

TORUN ET AL

Discussion

The controversey about the possibility of
deleterious effects of dietary lactose is im-
portant in relation to two nutritional issues:
1) the loss of dietary energy in the form of
Jactose that is not absorbed; and 2) the loss
of other nutrients that are incompletely ab-
sorbed due 10 changes in intestinal transit
and fluid movements produced by the mal-
absorption of dietary lactose. Such issucs are
particularly relevant in the treatment of mal-
nourished patients since it is known that
gastrointestinal malfunctions such as low
pancreatic enzyme outputs (32), altered mi-
cellarization and malabsorption of fats (33~
38), and in some instances, lower nitrogen
absorption (33, 39) can be present in severe
PEM. The therapeutic regimens followed in
the present study, however, resulted in very
good intestinal absorption of dietary energy,
nitrogen,.and calcium, independent of the
lactose contents of the formula diets. The
retentions of these nutrients were highly sat-
isfactory with either the intact or hydro-
lyzed-milk treatments, coinciding with the
equally good clinical and anthropometric
results obtained with both regimens (17).
Lactose, itself, was also well handled in the
intestine, as the diets seldom resulted in
increased breath H, concentrations or excre-
tion of fecal reducing substances or acidic
stools (17). The few instances of incomplete
carbohydrate absorption were evenly distrib-
uted between the lactose-containing and the
lactose-free diet groups, and neither regimen
produced abdominal discomfort or impor-
tant diarrhea (17).

Although we did not measure fecal fat
excretion, results of a number of investiga-
tions indicate that lactose does not impair
the absorption of lipid by malnourished chil-
dren (3, 4). Moreover, the absence of an
effect of lactose on total dietary energy ab-
sorption in the present study agrees with the
results of reports where diets containing
cither lactose or glucose were fed to black
Scuth African children with kwashiorkor (4)
and to children from Bangladesh who had
weight-for-height from 74 to 108% of stand-
ard (5).

Nevertheless, the incomplete absorption
of carbohydrate in the small intestine does
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FIG 4. Pattern of maximal incremenis in exhaled hydrogen concentration above baschine (fasting) levels,
within 3 h after breakfast with intact (/M) or laciose-hydrolyzed-(J{Af) mulk diets. The tests were performed
during 7 wk of dietary therapy. Only the data of patients with a positive hydrogen response 10 lactulose are shown,

not necessarily produce a loss of dietary
energy equivalent 1o the amount of nonab-
sorbed carbohydrate (40, 41). Conclusions
about the operation of an effective colonic
salvage of carbohydrates that escape absorp-
tion in the small intestine derive from ex-
periments by Bond and co-workers (42, 43)
on the fecal versus pulonary excretion of
radioactivity from ¥C-labelled sugars in-
stilled into the cecum of rats and man, and
in human intestinal perfusion studies by
Ruppin et al (44) with volatile short-chain
fatty acids, the degradation products of fer-
mented sugars. Given the low incidence of
positive breath Hj tests after meals, it would
appear that the predominant site of intes-
tinal uptake of carbohydrate energy from
the formula diet occurred in the small intes-
tine, not in the colon. We are reasonably
confident of the conclusions of these H;
breath test data since the approprate pre-
cautions to preclude the pitfalls of interpret-
ing pulmonary H; excretion responses in
severely ill children (45, 46) were observed.
In relation to protein metabolism, our
results showed no influence of lactose on

nitrogen absorption or retention. Some pre-
vious reports do not fully coincide with these
results, while others do. Brown et al (5)
found no differences in the nitrogen absorp-
tions or retentions of lactose-malabsorbing
children fed a mixed rice-vegetable diet con-
taining either glucose or lactose. In contrast,
Graham and Paige (3) found better nitrogen
absorptions and retentions in four lactose-
malabsorbers when fed a sucrose-formula
than when they were fed a lactose formula.
It should be noted, however, that their diets
provided 7.8 g of lactose and a lactose/
protein ratio of 4:1, which is much higher
than the 1.5:1 ratio in the cows’ milk that
would normally be used as the base of a
dietary formula for preschool children. Bow-
ie's (4) studies in children with kwashiorkor
indicated a lower nitrogen absorption with
milk than with the glucose-based diet, but
there was a compensatory decrease in uri-
nary nitrogen, such that no differerces in
nitrogen balance were observed overall. The
divergence between this last study and our
nitrogen absorption results could be due to
the fact that our therapeutic diets provided
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initially low amounts of energy and protein
which were then gradually increased 1o
reach, afier 8 days, the levels which Bowie
introduced from the very beginning of his
treatment regimen. Furthermore, Bowie’s
studies consisted of three balance periods
during only 11 days of observation. It is
possible that the gradual advancement of
nutrient content and the longer duration of
our study allowed better metabolic and gas-
trointestinal adaptation to therapy, and re-
sulted in better nitrogen absorption as well
as less diarrheca than experienced in Bowie's
subjects (4, 17).

It is intcresting to note the increase in
nitrogen retention observed when the chil-
dren were switched for a few days from the
lactose-hydrolyzed 1o the intact milk for-
mula, This was not accompanied by changes
in nitrogen, energy, or calcium absorption,
nor altered stool characteristics (17). It is
difficult to establish a cause-effect relation-
ship between lactose intake and increased
nitrogen retention, because we did not do a
complete crossover experiment which would
have also involved switching the IM group
to hydrolyzed milk. Although the signifi-
cance of this observation should be further
explored, we can conclude that the intake of
1.2 g lactose per kg body weight per meal,
after eating essentially no lactose for 45 days,
did not impair nutrient absorption or reten-
z.ilc_:;;, and did not cause intestinal discomfort

The potential relationship between lactose
intake and dietary calcium absorption could
have had two opposing consequences; on
the one hand, lactose malabsorption could
have led to decreased calcium absorption
(14-16), and on the other hand, lactose in
the intestinal lumen might have enhanced
calcium absorption (6-13, 16, 47). We did
not find an important lactose malabsorp-
tion, while calcium absorption and retention
were high and equal in both treatment
groups. This latter finding agreed with the
short-term observations of Graham and
Paige (3) in preschool children. The absence
of a lactose effect on calcium absorption in
ouf study could be due to the high calcium
intake, which was 2 to 4 times higher than
current recommendations, and probably
overshadowed any potential enhancing in-
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fluence that the disaccharide might have had
on absorption of the mineral. In any event,
the high absorption Jed to high calcium re-
tentions that are closer to the calcium accre-
tion of a rapdily growing 35-wk human fetus
(48) than to the 12 to 14 mpg/kg/day ex-
pected in a child 2 to 3 yr old (49). This
could be due to greater demands for calcium
in malnourished children who may have
some degree of skeletal mineralization defi-
cit and who are trying to catch-up not only
in terms of weight, but also of length.

In summary, the amount of lactose ac-
companying doses of milk protein added as
the dietary intake was advanced from 1 to 4
g protein/kg/day, were not associated with
any decrease in the absorptior: of total die-
tary energy or carbohydrate, nor with any
decrease in the digestibility or retention of
nitrogen during treatment of severe PEM,
The presence or absence of lactose did not
produce either an increase or a decrease in
the uptake and retention of calcium from
the milk-based diet, in comparison with a
hydrolyzed-milk preparation. This parity of
nutritional response was observed even dur-
ing the early phase of recovery, when the
children on the IM diet had more frequent
and more liquid stools. Therefore, we con-
clude that neither clinical considerations nor
nutritional or gastrointestinal considerations
are sufficient to justify any proscription of
the routine use of intact milk as the base of
therapeutic diets for children with severe
PEM. Reduction of the laclose content can
be reserved for the occasional patient with
PEM who manifests severe malabsorption
or intolerance of this carbohydrate. It should
be bome in mind from a nutritional point
of view that the ameunts of dictary nutrients
absorbed and utilized are more important
than small losses of incompletely absorbed
nutrients that do not limit metabolic proc-
esses or nutritional repletion. In a practical
sense, for consideration in nutritional recov-
ery centers in the developing world, the mi-
nor discomfort that loose evacuations might
cause during the first few days of dietary
therapy with a milk-based formula is not as
important as the net effective delivery of
nutrients to the malnourished child. 3|
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Arm circumference (AC) is an easy and inexpensive
wiy lo detect pre-school malnutniuon and s, there-
fore, being used increusingly in lesser-developed
nalons {or rupid and extensive nutriuon surveillance
and screening programs, ks well us for monitoring
nutriuon rehabiltation (1-7).

It s the purpose of this paner to evaluate the AC
measurement as & public health index of protein-
encrgy malnuinion (PEM) as compdred with mere
commonly used anthropometrie meusures like weight
for height and weight for 4ge. The hierature 1s
reviewed concerning these relationships, and 10 the
second part of the paper, AC will be compared with
weight for height and weight for age by using
measurements made on 144 pre-school Guatamalan
children.

The AC measure can detect 8 depletion i muscle
ussue (8) und calonie stores, 1n the lonn of subcut-
ancous fat (9,10), and progress 1n growth (11,12). The
AC of pre-school children, excluding infants, has
been shown to 1ncrease very little with uge (§1,13) and
to vary little between ethnic groups (10) Bused on &
lurge sample of healthy Polish children (14), Wolanski
demonstrated that the AC of children aged 0 to 12
months increused rapidly, whereds it vaned httle
between 12 und 60 months as well a» between the
scxes, and that from the second to Gilth year fet tissue
1 repluced by muscle so thut overall AC 1ncreases
only 1.5cm. Therefore, an age constant measurement
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of 16 Scm has been recommended a5 a standard for
use during this 4-year peniod when uge 15 not known
(15). Percentuges of this standard have been upplied
to deternune degrees of malnutnition and arc us
follows (5):

Nutritwnal Percent of Arm

Status Standard Circumference

Severe malnutnition  Less thun 75%  Less thun 12 Scm

Moderale Between 75 125-1) 5¢m
matautrition and §5%

Normal Over §5% Over 13 Scm

Since most cases of malrnutntion occur within this 4-
year uge span, AC seems to be a promising public
health index for screening malnutrition

Review of the Lltersture

The hterature was reviewed concerning the re-
lationship between AC und the more conventiondl
anthropometric indices of malautrition, e g, weight
for height and weight for age. Tuble 1 gives corre-
lation coefficients 1n ascending order for vancus
studies in which AC was compared to weight for
height, weight for age, und weight alone. Since the
author's dala concern only AC versus weight flor
height und weight lor uge, these two variubles will be
emphasized 1n the discussion.

Most of the correlaion coefficients between AC
und weight for height are ssmilar All byt four of the
correlation coefficients beiween AC and weight for
height Jie in the 0 66 to 0 79 range. Even though the
coefficient is low for the Colombian sample, Acciarn
et al. (17) stated that AC wus highly associated with
dcute malnutriton, as manifested by weight for
height, and conudered the relationship between
weight for height dand AC to be good They also
believe the relationship between AC and weight for
age 1o be good Likewise both coefficients are low in
the Guatemalun study (17). The 0.55 coefficient for
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weight for height and AC denved by Ruthauser (19)
for the 37 1o 4¥-month old Nilvtic population of
Uganda also falls out of the range, although these
coelticients are higher for the younger age groups off
this same pupulation, The opposite apphies 1o the
indisn population off Hyderabud ciudied by
Visweswera and Singh (20) These investigators re-
vorded a stronger relationship between the AC and
weight for height of older chuldren than for the | to 2-
year age group.

The corselation coefficients for AC and weight for
age are similar to those for AC and weight for height
and full in the 0 59 10 0.78 range The low correlation
for the Egyptian children at first led El Lozy (23) to
place little trust in AC. However, subsequent studies
(32) convinced him of its validity, The data collected
by Jellille and Jelhifle (24) duning o nutritional study,
where 19 per cent of all houscholds in Barbados were
sampled, also revealed a low correlation with weight
for age (0.62). The investigators believed this was due
to the marked layer of subcutaneous lat exhibited by
a substantidl number of childrea. Of children 12 1o 59

months old, 47 3 per cent had triceps measurements
K0 per cent ol the standad, while 18 6 per cent had
fattolds of’ 100 per cent or more of standard.

The largest range ol correlation coellicients re-
potted (052 0 0YS) s tor AC and weight alone
(bable 1) 1he study done in the United States (31 ) 1y
the highest of the coellicients, most hkely because of
the chowee of study subjects. Weight alone s less
aceeptable as a measure of maloutntion in children
and was not used in the present study.

Some concern has been expressed over (he sensi-
uvity of AC, or its ability to detect matnourished
children with respect to weight for height and weight
for age. Shakir (15) found that one of the major
limitations to using AC was thal it was not 4 very
sensiuve indicator of’ moderate or muld malnutaition
as determined by weght for age. Based on data
vollecied Irom 800 Colombian pre-schoul children,
Acciarn et al. (33) observed AC Lo be more sensitive
in detecting cases of acute, rather than chronic,
malnutrition and in cases of severe, rather than mild,
mainutrition. In their national probability samples

Tann |
Studies correlunng arm crcumference of individuals (Loewenstem and Phillips,'*
updated by authors)
Country and Lication or Mecasure-  Correlation
(Investigalors) Ethnic Group No. Age ments Coelhurents
Colombia Cals 3000 0) AC vy 0 47
(Accwarri ef al )7 yos wi ht
Guatemala Patulul 2792 1S ACw 053
(INCAP, unpublished)™ yrs wi/ht
Uganda Nilouc 23 37 4% AC vy 05S
{Rutihauser)! mths wt/hi
India Hydcerabad Towl 12 ACw us3
{ Yiawesware and 2292 .« yn wi, hi
Singh)?* 23 AC vy 0 6o
yrs wi;ht
34 AC v 067
yry wi/hl
Nepal Natwtal 0s AC vs 067
(Nichaman ¢1 of )** probability yrs wi, ht
sample ¢, of median
Uganda Bantu 9 25 36 AC vs 067
(Rutthuuser)'® mths wi/ht
Nilohamate 4 37 48 ACvs 0.70
mths wi/hi
Nilotic 29 1324 AC vs (i ]|
mths wi/hi
Sn Lanka National G5 AC vs 072
Nichaman ¢1 al )*! propability yes wi/hi
sample %o O median
Uganda Nilohamatc 72 25136 ACvs 073
(Rutthauser)'? mihs wi/ht
Bantu 36 1324 AC vs 07S
miths wishi
Nilohamatie £ 13 4 ACw 076
mths wi/ht
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Country and
tinvestigaton)

Togo
(Nithawman ¢f of 3!

Uganda

(Rutihauser)'

tiganda

tRabinow and Jellife)*?
Guatemula

(INCAP, unpublished)!?

Epypt

L1 Lozy)*?
Colombia

(Accrarn ¢f al )*?
Barbados

(Jellille and Jethiley?*
Liganda

{Cuol)**

Tanzama
(Kondahin)®
Malaysia

(MK ayj*?
Judsa

tVisweswe g ad
Sy

Irun
tFruozang*”
Zymbia
tBlanLhari)*”
Sierra Leone
{8lasikharsy®?
Mafaysta
{McKay)*’

1.cbanon

(Kanawan cf .y
Uganda

(Robinow and Jelliflcy?
Tanzama

(X ondakis)**

Uniled Staics
(Chorvisathanavanch snd
Kanthavichutray*’

Location ur
Lihnw Group

National
probability
sample
Niloue
Busoga

Patulul

Cah
1", House-

hold survey
Ankule

Kilimanguro
Region
Alu lrangrance

Hyderahad

Estafahan
Alrican
Alrican

Alu Trungunce

Arsab
Busogy
Dodoma

Negro and
Pocriv Rcan

No.

156

2972

400

N
39
n
76

40
47§
1,254
54
41
1,04
156
359
e

Age

oS
yrs

25- 36
mihs
LAY
mihs
15
yry

06
yrs
12-59
mihs
io 47
mihs
28 59
mihy
12 23
mihs
24 16
miby

I 48
mths
4.0

yrs
|2
3
;
)

LI

115
13 24
mihs
6 b
mihs
O 36
miths
30
yre
20
yrs
R I
niths
35 3
mihs
[
mihs
172
mihs

Meuusures
menty

Al v
wi bt

AC vy
wi/bt
ACw
wi/ht
AC vs
wifuye

AC vi wi
us ¥, normal
AC vs
wijuge
AC vy
wisuge
AC vy
wijuge
AC vy
wifuge
Al vy
wiljuge
AC vs
wifnge

Al vy
wi
AC vs
wi
AC vs
LY |
W
wi
AL vy
vl
AC v
wi
Al vy
wi
AC vs
Wl
AC vs
wi
AC vy
wi
AC v
wi
AC vs
wi
ACwvs
wi
AC vs
wi

Cunelation
Cocllivients

076

0.77
0.7
0.59

0.59
0.02
062
0.08
0.70
0.73
0,78

052
060
u.61
0l
0.65
064
075
0.75
0.78
0.1
0.79
0.79
042
098
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for Sn Lanka, Nepal, and Togo covering 18,751 pre-
schvol children, Nichaman ¢f al. (21) found the
specificily of AC (ability 1o detect those wi o do not
hdve malnutrition) to be high, but the sensstivity
{abilily 10 detect those who do have the disease) ta be
luw and 10 vary with cach age proup In this study the
median weight fur heght for cach population was
used as the catenion for comparison.

Zeithn (34) desenbed the degree ol sensitivity ol
AC versus waght for age by diagrammatically de-
monstrating that Fibpino cuses ol malnutnnon by
weight jor age and AC did not comipletely overlap
She discovered, however, that those children shown
to be malnounshed by weight for age and not by AC
were above the enitical 16 24 months age period, thal
their weight for uge did not exceed the Harvard third
pereentile for weight tor age, and that weight for age
did not difler for the non-overfapping pairs. Thus, her
results indicated that *younger children are selected
by AC at an edrlier, more casily reversible stage of
malnutniuon, when weight has fallen ofl, but length is
more normal’ (34, p 303).

Margo (35) 1s more directly entical of the measure-
ment He mamntains that, i1 AC s indeed a valid
measurement, the ditlerence between cases detected
by the AC or weight for age measurement should be
more or kess constant for all studies When reviewing
the literature, he found this not to be the case (Tuble
2). Shakir and Morley (5) identiicd only 3 per cent of
thair study population as normally AC und below B0
per cent of the Harvard standard (talse negauve), and
20 per cent 4as below 85 per cent of the standard for
AC and normal for weight (1alse pusitive) Cook (25)
and Margo (35), on the other hand. encountered
mwh higher Galse negative rates (115 per cent and
70 2 per cent, respectively) in their Alrican pre-school
study populations. The discrepancies between results

obtained from varnous studies are summanized In
Table 2, and 1llustrate Margo's skepucism toward the
reliabibty of AC as a survelllance tool The lalse
negative and positive rates for AC versus weight for
age based on data colledted from 3801 pre-schoal
Ladino duldren of mugrant warkhers i Patulul,
Guatemala, were 89 per cent and 248 e ool
tespechively (1X) T hese tates wuee O 7 por aent il
71 2 per cent when weight lor height was used as o
cntution

Unfortunately, studies such as these are hnted,
and their vaned results have led 1o the confusion and
skepticism of many nutnition-related workers who
might have been able Lo profit from the use of the AC
measurement in ficld survaillance progranms. It s
hoped that the increasing amount of work done
this ared, using stundard techmgques, will llupinate
the trade-olls of this economically eflicient tool for
malnutrition detection,

Materials and Methods

In an ¢llort to develop methodology tor rural
health systems, the Division of Human Development
ol the Institute lor Nutrition [or Central Amenica and
Panama (INCAP) has undertahen a projeet in four
Indian villages on the shores of Luke Autlan in the
Department of Solola, Guatemala Since the project
ceomploys munmally tramed health promoters (o work
i the community, AC was proposed by the mvesti-
gdtor as a simple and inexpensive tool wath which to
perlurm conttnual scereening for malnutrivon 1n pre-
school cnldren [n ordes to support this choice in this
setting. the mvestigator collected and analysed rele-
vanl data trom one willage, San Pablo La Laguna.
Height, weight, and AC measurements were tahen by

TabL: 2
Studies wnng arm circumference compared to weght for age’®

Country and Fithne
{Investiguton) Group
Bagdad, Iray Arsb
(Marky and Shukir)®

Ugands Ankole¢
(Couk?*

South Alrica Non-white
{Margo)**

Sierra Leune Alncan
(Blankhart)?¥

Guatemala Guailcmalan
(INCAP)'®

Number

Age False False
Months  Posttive Negauve
7 13 72 20 3
2K2 12 60 21 135
621 13-60 13 702
544 73 fo" 5
14
2,301 12 60 24 ) 43 9

“Figures obtained using 12 0cm cul-ofl puint lor malnutetion
*Figures obtaind using 12 Sem cut-ofl point for malnutnbon

*Unpublished data added to table by authors

YFigures obtaied using 13 Sum cut-ofl pomnt lor malnutninion
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the investigator for 144 children, aged 0 through 5
years, who attended the health post voluntarily. Age
data were solicited from the mother by the health
promoters in fodian dialect and the imvestigator
recorded the data. The children included i the study
were believed 1o be chronically malnourished, as
excuipliied by then low weght tor age (75 pereent off
the Haurvard standard) and normal werght for height
(98 per cent of the standard) (17.36). Although no
crosssectional data exist on the nutritional status off
the pre-school population of San Pablo, il 1s the
investigator’s  opinion, based on  the health
personnel’s experience in the community, that the
attenders were somewhat healthier than those who
did not atiend. :

Wenght for age and weight lor height were chosen
as the enitenia with wluch to compare AC, sinee these
are the most commonly used ficld measures of
malnutrition. For the analysis, the Wolunski stan-
- dards were used for AC, and the Hurvard standards
were selected because they are the most umversally
applied and, therelore, lend themselves 1o inter-
national companson.

The cut-ofl point for malnutrition used lor AC was
13.5em. Children were cateporized as malnourished il
their weight for height and weight lor age were 90 per
cent and BU per cent or less, respectively, of the
Harvard standards. These cut-oll’ points are com-
monly used in ficld surveys (17,19.37) and are recom-
mended by Jellile (14). Because it is generally
believed that environmental rather than gencetic lae-
tois anfluence the size of a young child (3%), the
Harvard and Wolanski standirds may and have been
applicd W cthically diflterent populations,

.\ Nt ye LT P S N P ST S ---.-__..) i .':-
manutactured Chuld-meter 1oe hegghin and o sorong
plastiic measunng tape for AC. All shoes, hair orna-
ments, and extrancous objects were removed before
weighing and measuring. Since i1 was culiurully
unaceeplable 1o remove clothes, an estimation of the
wenght of clothes was used o correct the body weight.
The AC measurement was taken at the midpoint of
the upper arm between the acromion and olecranon.

YT

This point was visually located, a method which has
been shown to be quicker dnd as reliable as locating
the midpoint by measurement (24.30.39). All measur-
ing equipment was calibrated daily.

Results

Correlation Analysiy

In order 10 study the relationships between the
viarious measures, correlation analyses were per-
formed for weight for age, weight [or height, AC, and
AC lor age measurements. Age was correlated with
all those measures. The results are presented in Table
3 and show that AC was the most highly correlated
with weight for height (0.7911). The correlation of
AC with weight for age was somewhat lower (0.7127).
There is a very strong correlation between AC and
AC for age (0.9683) and the relationships of cuch of
these variables to weight for age und weight for height
are similar (0.7127 and 0.7911, 0.7573 and 0.7416,
respectively). Age wis shown 1o have some relation-
ship with both AC (0.5132) and weight Tor height
(0.3234). Although these cocllicients are low, they are
significant.

Sensitivity and Specificity Analysis

In order to determine how well AC was able to
identily groups of’ malnourished children as defined
by a single cut-olt point, cross tabulations were made
between cases detected by AC and those categorized
by weight for height and weight for age as presented
in Tables 4 and S, respectively. Only chuldren 12
through 60 months (n = 109) were used for this
analysis, since AC cut-oll points based on the con-
MUy e “hos JAC A s
Height for Height

When compared with weight for height, AC had a
specificity of 65 per cent and a sensitivity of 90 per
cent, with false positive and negative rates of 35 per
cent and 10 per cent, respectively (Table 4). The false
negative group (those categorized as nmlnourish«_:d by
weight for height but not by AC) was made up of only

3

Corrclations of unthropometric measures twakea in health post children
12 10 60 months (N = 144)

Weight,Age Weight;Heght

0.7911
0.7416

‘Weight Ape 1o

Weght Heght U 0YSs3 1.0
AC 7127

AC. Ape 07573

Ape 0.11758"°

0.32M

AC AC/Age Ape
1.0
U.96K3 1.0
0.5132 0.3006 1.0

* Not sigmbicant (p > 0.05); all other numbers sigmificant (p <0 001).

AC = Arm Circumlerence.
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Tan1 4

False megutive, false posttive, semsitnvany aod specificady vates for 4C compard 1o
weght for heght for 109 cdubdren 12 10 60 months measured a the health post

Weight for Heght

Normal Malnounshed
AC >907, Harvard Standard $90*, Harvard Standard Total
Normal True negatives = 58 Fulse negatives = 2 60
>135um Speaifivity = 65%, 109,
Malnounished  False posttives = 31 True postives = 18 49
€1)5umn s, Senstivity =90°Y,
Totdl  §) 20 109
AC = Arm Circumierence
TagIL §

Fulse negatne, fulse positive, sensitivit) and specificaty rates jor AC compared 10
werght for uge for 109 children 12 to 60 months measured in the health post

Weight lor Height

Normal Malnounshed
AC > 80", Harvard Standard S K0, Harvard Standard Tolul
Normal frue negalives = 29 False negatives = 31 60
> S5wm Speuhty =91, 0%,
Malnourished | alse positnes = 3 True posiives = 46 49
SiiSum 9% Senstlivity = 60°,
Totul 32 77 109

AC = Arm Circumierence

Iwo cases, one of which was borderline for weight for
height (89 per cent of standard), and thus, nat
severely malnourished

The percentage of false pasitive cases {those idents-
fied a> malnounshed by AC and not by weight for
height) was high (35 per cent) Difty-twao per cent of
these children had ages in the entical 6-24 month age
period,® and g total of 73 per cent were under three
years old Al children categoniced as Lalse posiive
were malnounshed by weight lor age. All but two
cases were shown 1o be muderately malnounshed by
AC.**

® Children younger than two years are espeually vul-
nerable o malsutnton i devdloping vountiies where food
inteke 1s luw and sanitation below optimum Dunng the first
two ential years a child utihzes one-third of lus foud for
grawth as opposed to | per vent lor wlder children (40), he s
more susceplible 10 disedse and 1s not yet eating an adult
dict For these reasons most senous tases ol malnutniion
vecur duning thes age

** The 1wo cases were o st of (wins who showed classie
symptoms ul marasmus and were very undorweght tor therr
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The predictive value of a normal AC was 97 per
cent, which means that of all those cases declared
notmal by AC, Y7 per cent really are normal when
weight for heaght was used ds a entenion. The
predicuve value of 4 deficient AC, however, was
considerably lower (37 per cent).

Weght for Age

As seen i Table S the sensitivity and specifiaty
raies of AC, when weight lor age s the cnitenion, are
60 per cent and 97 per cent, and the Llalse negative and
posiive rates are 40 per cent 4and Y per cent,
respectively.

14-month age (44 per cent and 49 per went, respectively)
Thur AC was also very luw (10 | cm) although they had
normal weight lor heights (93 percent), which was due to the
wacessive degree of stunting which had already allected
them The only child sa the measured population whom the
investigator Jdassihed as having symptoms ol kwashiorkor
also had a normal weight for height (93 per cent) This
child s AC, un the uther hand, was 129 cn and her weight
for Jge only 69 per cent of the standard
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The lalse negative percentage is very high and cause
tor concern, simve these children would not be
detected by AC and hence not referred 10 the health
puost tor conbirmation  Lherclore, these caves were
resiewed Lo gan insight into then chaoactenstes The
nean age of these children was 44 months, only four
{13 per cent) were younger than 30 months [n other
words, most vl them were past the catical age peniod.
Moareaver, of the tour under 30 months, all but one
had a weight for age adequacy between 75 per cent
and 80 per cent of the stundard (degree 1, Gomee)
The one exception was 4 child of 28 months. All of the
43 talse negative children had a normal weight for
height percentage tabove 90 per cent) with a4 mean of
103 per cent. This group was generally very stunted
with a4 muean height ol 82 per cent of the standard,
which caused them to be categornized as malnournished
by weight tor age and normal by. weight tor height
and AC,

With respect to weight for height, the predictive
value ol'a normal AC was only 48 per cent, whereas
thal of a deficient AC was 94 per cent This trend 1s
the oppusite of that shown by AC when it was
compared 1o weight lor height

AC vs, Weght for Heght v Weght for Age

The ability of each of these measures to wdenuly
cases of malnuintion with respect 1o one another 1s
lustrated in the Vean diagram (Figure 1) OF all the
109 cases meusured, none was categorieed as being
malnounished by weight tor height alone. Only 3 (2 8
per cent) were so calegonzed by AC, as compared to
29 (26 6 per cent) tor weight lor age Al cases
identified as being maluourished by weight tor hesghi
(20 = 18 per vent) were malnournished by weight for
age and 18 (90 pereent) ol those had a low AC Of the
77 categonized as malnourished by weight Tor age, less
than onc-hith {16 per cent) had weght tor height
nwasures below Y0 per cent ol the standard, whereas
60 per weat {46) had an AC measure of 13 5em or
below Most of the 49 cases with low AC had 4 low
weight tor age (94 per cent), whereas for weight for
height this was true lor only 37 per cent (18) ol the
cases  Weight for age classihed 71 per cent of the
children as malnourished, which 1s 37 per went more
thun AC (45 per cent) and 75 per cent more than
weighl tor height (18 per cent)

Discussion

I he analysts demonstrated that there was o strong
corrclation between AU and weight Tor hoght, as well
as weght tor age The couthicient beween AL and
weight lor height (0 79) was lugher than any en-
countesed in the hitcrature reviewad although most ol
the conrelation coctlicienis donvad by Rutihauser (19)
lar her Ugandan popubstion and all of those de-
senibed by Nichaman of of (21) he wathun the U 67 1o
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AC = 49 {45%) WEIGHT/HEIGHT =20 (18%)

Ovarlaps Ovarlups
waightiage = Bd% woighliage s 100%
waighliheight & 37 AC = W%
wuightiaye a0l waighliuge
wuighlhughl - 4% s AC . 90N

CASES NOT
CATEGORIZED
AS MAL
NOURISHED =
28 [27%)

WEIGHTIAGE = 77 (T1%)

Overiaps

waight/neight = 16%

AC = §0%

weight/height and AC = 23%
weighl/age enly = 8%

AC = Arm Cwcumlerence

i | Venn diagram allustrating relationship ol
ability of arm urcumlerence, weightfheight, and
waight/age to detedt cases of malnutnition (n = 109)
Childien 12 10 60 months measured in health post

0 76 range. It s mterestuing, however, that the corre-
Liton  between  the measures tahen lor Latin
American populations s consistently lower (17,25)
compared 1o all studies reviewed  Unlortunately,
more publications on Latin Amenican populations
were not avinlable for review, so that no conclusions
wan be made concerming correlations within these
populations It1s, however, very unhikely that they are
so cthnally different from those populations re-
viewed that the relationships between their anthro-
pometne measurement could vary to such a degree
(38) [hiy discrepancy iy also found when AC was
correlated with weight Jor age The 071 correlation
derived lor the Guatemalan study population of San
Pablo, however, 1s within the range of those fvund by
Cook (25} lor o pre-school Ugandan population The
San Pablo coclhicient also agrees wath those histed lor
AC versus werght moall but one (26) ol the studies
reviewed

I he hagh correlation coellicient lor AC and AC for
age and snuilar correlations with weight for age and
waight Llor hoght indicate that either measure may be
used in the detection ol nalnutribon anmong young
Jhddien  The 05132 corrcdation coellicient for AC
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and age demonstrates, however, that there 15 a
relationship between these two variables and that AC,
therefore, 15 not entrely age indepondent tor the San
Pablo population Mattorell o o (41} also dis-
covered a rclationship betwean age and AC lor 1,240
L adine Guatemalan pre-school cduldren Whereas
ihese thaldren showed an increase of ¥ per cent i the
AC duning the fint 12 months ol hile, wiuch s 1n
heeping with the 31 per cent increase tound in the
standard population of Wolanski, the increase lor the
next 48 months was nearly twice as high for the
Guatemalan population (15 per cent) as that en-
countered for the Polish children of the standard (8
per cent) ® 11 must be kept in mind, however, thal
both Guatemalan populations have been subjected to
some degree of malnutriion which may 1n itsell vary
with age (35,40) Varnious studies (42 44) concerning
the AC of healthy stundard populations have shown
results simalar to those of Wolanshi If, however, AC
were dependent on ape, the measure would detect
more younger children, which 1s 1o their advantdge,
lor they are at 4 higher nisk of malnutntion (4.30)

AC was also shawn 1o wWdentity Y0 por wont ol the
cases calegornized 3 malnoursshed by weight lor
haight The measure did not perform as well when
weight for age was used as the citenon tor malnutin-
non. Lhe Venn diagram, however, demonstrates that
weight for height and weight for age do not measure
the sume thing, the former bemg an indieator of acute
malnuinuon and the Latter ol cumulative episodes of
malnutniion (33.45) While all children with low
welght Jor herght were ilso shown 1o be madnourished
by wuight lor age, the reverse did not apply ‘Tlus s
not surprismg consdering that the study population
wdas chronrally malnounished as demanstrated by
therr low mean weight lor age (75 per cent) and heght
lur age (85 per cent) and normal weight lor height (Y8
per cent). In dact, 7) per cent ot all the children had
weights below 85 per cent of the standard lor their
ages, and of all the children classilied 4s malnounshed
by any of the three measures, over one-third had only
weight lor uge deficiencies, as compared 10 2ero for
weight lor hewght, and 3 per cent tor AC, Only one-
fith ol the total population had low weghts com-
pared to thesr standard heghis, boven though only 37
per cent of the children with low AC had a low waight
lor height, 94 per cent of them had a low weight lor
age Thus, wherecas AC with respect to weight for
height has a high false posiive rate (35 per cent) and
low 1dlse negative rate (10 per cent), these values are
reversed (Y per cent and 40 per cent, respectively)
when weight for age 1s the criterion

* Martorell ¢t af (41) also lound AC to be sex dependent
However, the dillerence between the AC icassurement lor
the Wolansks males and lemales (0 S1em tor O ]l manths,
U M em tor 12 60 imonths) 15 consistently larger than those
between the Guutemalun sexes {0125 and 0 23%em,
respectively)
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The cross-tabulation analysis points out, however,
that these dhldren identihed as bong mulnourished
by AC, but aut by weight {or height (Lilse positives),
ma)y lhave been at sk of malidution Hhey were
mastly younger and had low weights tor age Ina
sytem where AC 1 used to sereen and reler cases o g
health post lor confirmauon by weight for height, the
lalse positives would have been attended Given the
critical age of these children, attendance 1s prelerred,
especttlly smince the assessment by weight for age
classiticd the 31 false postives as malnourished
Shakir (5) agrees that this “musclassification 18 in favor
ol the child, and could be useful 1n crists situations,
for chuldren 1n this critical age interval® (p 665).

The lalse nepatives, on the other hand, would have
been lost 1o any kind of lollow up AC would have
failed lo screen 40 per cent of the children lor
conlirmation by weight for age Lven though the
number s large, these children were probably not at o
high rish ol being severely malnourished, for most of
them were beyond the ciitical age range and all of
them bad normal weight for heights, The pencrally
stutited natwie ol this group was most likdy re-
sponsible lor this misclassthcahion.

Sinular results coneerming classtlication of children
decording to AC with respect to werght for herght and
weight for age were found in the Patulul population
of Gualemala (18) The resuling false negative rates
(67 per went and 48.9 per cent, respectively) cor-
responded dosely to those counted 1n San Pablo.
Bath false positive rates (71 2 per cent and 4 3 per
cent), however, were substanuially higher. As o the
San Pablo study, the Patulul data showed a low false
negative rate and high lalse positive rate when AC
wdas compared to weight for height, while the reverse
was true when waeight for age was used oy the
cntenion, With the exception of his own imvestigation
vl 621 non-white Afnican children, all other studies
Muargo (35) reviewed (Tuble 5) had much higher
sensiuvities (85 per cent 1o 97 per cent) for AC with
respect 1o weight for age than were encountered in
either Guatemalan population

Fhe San Pablo data suggest that AC may have been
G4 more sensitive indicator ol malnutnitlon among
younger age groups when compdred to either weight
lor herght or weight for age Zesthn's (34) ndings lor
Filipino cases of malnutnition support this view She
found that AC uand thigh circumlerence selected
younger children who had expernienced weight loss,
but who were not yet aflected by nutritonal stunting
Cool (30) also Tound the correlution between werght
lor age and AC for age 10 be higher lor children Jess
than 36 months old, ulthough the highest coelhent
wads found with the 24 10 36-month age group

Counclusion

Fhese indings have definste implications {or nutri-
tional screening and prevention programs  Ewven
Val 29
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though it would be ideal to identily and intervene in
all cases ol malnutrition, in poor ireas with high rates
of malnutrition resources simply would not allow it.
When compared to weight for ape, AC selected a
younger and mote severely malnourished group of
cases thut was smaller in number and henve more
feamble to treat. AC suceessiully detevied children
with atute malnutrinon as Jdelined by weight for
height, who are the cluldren with the greatest rish of
deteriorating nutritional status and even death (46).
Mureover, AC absu performed well in idenilying
sewerely malnourished children whaose stunted con-
dition made their weight appear normal for their
beight.

The results of the study presented herein supggest
thiit in arcas where malnutrition affects young child-
ren and where nutritional stunting s common, AC is
a uselul indicator of malwutntion. AC has been
shown 1o be 4 good surrogate for the more commonly
used weight for height and weight for age. Therclore,
it is rccommended that AC be .ulopu.d by nutrition
screening and surveillance programs in poor arcas of
the developing world where severe malnutrition is
previlent and resvurees:limited.
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