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Large segments of the world's popula-
tion live under conditions where the avail-
ability and intake of food are inadequate
for their needs.! This is the case in many
developing areas where food consumption
is deficient both in quantity and quality.
Insufficient food intake leads to chronic
caloric deficiency, and ingestion of foods
with insufficient protein concentration in-
duces protein deficiency in vulnerable
groups. This is particularly true when the
protein is of poor quality, as is the case with
most vegetable proteins. The problem with
the latter is that the bulk of the food often
imposes a limit to its intake. Also, amino
acid deficiencies further limit the utiliza-
tion of such protein sources, so that small
children cannot satisfy their naturally cle-
vated nitrogen and specific amino acid
requirements.

These dietary factors, associated with
many other health problems to be de-
scribed later, lead to primary chronic
protein-calorie malnutrition (PCM). In

*Scientific articles published on this subjectare much

more numecrous than those cited in the presem
chapter. However, because of limited space, the
reader is often referred o some comprehensive
reviews on the subject. Publiciions cited at the
beginning or at the end of paragraphs or sections
are general references for the opic dealt with,
Through these, as well as through the more recent
specilic anticles cited, many other important refer-
ences may he easily located by those interested ina
decper approach to the subject.

conditions conducive to primary PCM, the
intakes of other essential nutrients,.such as
vitamins and mincrals, are also generally
low; however, serious manifestations of
their specific clinical deficiencies are less
common than might be expected because,
when the calorie and protein intake is the
limiting [actor, the requirements for other
nutrients diminish, Nevertheless, in PCM,
vitamin or mineral deéficiencies may be-
come overt.

Primary PCM should be differentiated
from sccondary PCNM, which is the conse-
quence of a primary discase that leads
cither to inadequate food intake or utiliza-
tion or to increased nutritional require-
ments. Examples of secondary PCM are
psychologic disorders, obstructive gas-
trointestinal lesions, primary malabsorp-
tive problems, discases inducing cachexia
of metabolic, infectious or neoplastic ori-
gin and endocrine disorders.

This chapter deals only wish primary
PCM, that is, the situatton where energy
and protein intake are appirently the most
limiting factors in malnutrition.

EPIDEMIOLOGIC'AND ETIOLOGIC
CONSIDERATIONS

All developing areas ¢ the world have
several common  characteristics, among
which are low weight of newborn babies,
high discase prevalence, sinall physical size
of inhabitants, clevated mortahty rates,
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Table 24-1.

Malnutrition

Mortality Rates of Children 0-4 Years of Age*

Guatemala .5 A Ratio
Age (1965) 4 (1967) pt GuatemalalU.S .1
A Infant mortaliy (deaths/ 1000 live births)
0-28 days 354 RUN| 16.6 73 8 2.2
I-11 months 55.9 60.9 5.9 205.2 9.5
I year VIR 100.0 22.h 100.0 4.1
B. Mortality in childien between 1and 4 vears of age
(deaths/1000 childrenof the curlupnnlcling age)
L year 50.0 1.4 35.7
2 years 35h.2 0.9 J9.1
3 years 24.9 0.7 35.6
4 years 15.6 0.6 26.0
1-4 ycars 30.3 0.9 a7

* Compounded from data published by the Pan American Health Orvganization: Las Condicrones de Salud en |
Américas 1965-1968. Washington, Organizacion Fanamericana de la Salud, Septicmbre 1970 (Publicacir

Cientifica No. 207), and INCAP.?

particularly during infancy and carly
childhood (Table 24-1) and, as a conse-
quence, short life expectancy. The main
reasons for these characteristics are
undernutrition and  poor environmental
health. These situations lead to decreased
productivity and increased waste of human
and economic capital, including food. T'his
perpetuates and often aggravates under-
development, thus worsening nutrition
and health and, therefore, establishing a
vicious cycle. This general picture, associ-
ated with a large concentration ol still
unproductive young people, provides the
background for underdevelopment.

The magnitude of the problem varies
from area to arca. As an example. we cite
the figures obtained from a survey of the
Central American region where, by pro-
jecting to the total population of the area
the prevalence obtained from a statistically
representative sample of all ol the 2.5
million children below 5 years of age. 1.6
million could be categorized, on the basis
of body weight, as suffering fivm or as
having had undernutrition.: Nearlv.one-
thivd of them had been or were moder-
ately or severely malnourished (second-
and third-degree undernutrition) at the
time of the survey® These findings ae
presented in Table 24-2,

Mild and moderate forms of adul
undernutrinon are more difficult to re
ognize butare also prevalent in developin
arcas. The manifestations of chronic PC}
in this age group are more evident in term
of performance than in symptoms or clin.
cal signs.

In adult males engaged in agricultur.
practices requiring intensive physical ¢!
fort, caloric intake is olten insutficient an
leads to chronically Timited energy expen
diture in order to maintain a delicate er
ergy balance. "This resulis in subopting
work performance, inadequate interac
tions with other familv members or po
participation in community programs aft
working hours. In adult women, chron
undernutrition results - inadequate 1
productive performance, which includ:
little weight gain during pregnancy, delis
cry of small-for-dare babies and in
adequate milk production in terms of bot!
quantity and quality.3*

A high proportion of newhorns with lo:
weight ar birth s associated with a highe:
incidence ol infant mortality.” Inadequat.
quantity and quality of woman’s milk in
groups of low sociocconomic condition are
important. factors incinfant malnutrition.

Protein-calorie malnutition should ther
he considered a social discase affecting
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Table 24-2. Children Below 5 Years of Age in Central America, 1965-67, Presenting
Growth Retardation which, by the Gomez* Classilication, Could be Cataloged as
Malnourishedt

Total Population

Ist, 2ndd, and
Ird Degrree
Matiomurtshed

Malmourished

— @ —— —————— e —— — — — . —— e ———

Ist Deger 2nd Degree Trd Degniee

below 5 Years No. of No. of No. of. No. of

Country of Age Casrs % Cases o Cases % (hivrs %
Costa Rica 294,300 153,200  52.0 117,900 40,0 31,300 10.6 4.000 1.4

- El Salvador 554,400 380,000 685 244,600 441 116,900 241 [85H00 3.3
Guatemala 833,400 611.660 734 380,100 456 197,700 237 33,860 4]
Honduras 346,900 221,300  63.7 143,000 412 71,200 205 7,100 2.0
Nicaragua 287,500 148.800 51.8 112,300 39.1 32400 13 4,000 1.4
Panama 207,900 104,947 504 84.625H  40.7 18,990 4.1 1.3%82 0.6
Toual 2,524,400 1,619,907 64.2 1,082,325  42.0 468490 186 GRBO2 2.7

* Gomez, et al.?

t Numbers are extrapolations from a statistically representative sample.

familics, communities and geographic
areas because of the negative effects that
mild-to-moderate PCM of adults has on
the well-being of the children and the
development of the community.

In these settings, the few subjects who
develop severe PCM with clinical manifes-
tations must be interpreted as index cases
which point at a widespread underlying
nutritional problem. Thus, the fact that
over 8 per cent of all adults admitted to
public hospitals in countries such as
Guatemala have moderate-to-severe pri-
mary PCM strengthens the concept that
the poor functional performance of un-
derprivileged populations is closely re-
lated to underlying mild-to-moderate
PCM.

From the epidemiologic point of view,
PCM can be conceived as the consequence
of the interaction of the environment on
the host through an agent which, in this
case, is the deficient availability of calories
and protein at the cell level. The environ-
ment, host and agent factors are inter-
woven.

Environment

‘T'his can be considered at two levels: (1)
macroenvironment, at a regional or na-

tonal level and (2) microenvironiment, at
the famly and individual level.

In the developing  arcas,  the
macroenvironment is that of poverty, not
only in the strict cconomic sense but also in
the more important concept of human
resources. Both are the cause and the
consequence of lack ol education, unsatis-
factory health of the '|)n|)ll|:llinll, poor
communications, low productivity, unfa-
vorable cconomic balance and inadequate
utilization of natural resources; all of these
factors lead to inadequate food produc-
tion, conservation, dntributon and con-
sumption.

The microenvironment constituted by
the family, which is the biologic unit in
terms of nutrition, receives the impact of
the macroenvironment and furthey limits
the availability ol nutrients 1o the host. The
factors aperating ar this level are meager
purchasing power, failty concepts of food
utilization that lead to poor food consump-
tion practices and inadequate distribution
of available nutiients among the members
of the family. The Later is particularly
evident in the case of small children and
when Hiscase strikes s member ok the fam-
ily whose Tood intake is very olten thereby
drastically restricted,
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Host and Agent

Maternal malnutrition and infectious
episodes during pregnancy are [requently
the cause of prematurity and small born-
at-term infants, as well as ol poor nursing
performance. Children already at a nutri-
tional disadvantage are the victims of poor
feeding practices, especially in those re-
gions where breast-feeding is being re-
placed early in life by artificial formulas in
the face of prevailing inadequate educa-
tion, hygiene and economic resources. All
of these factors must be adequate 1o allow
successful artilicial feeding,

Inadequate feeding takes place at a time
when nutritional requirements are high
per unit of body weight. The consequence
Is an increasing number ol infants who
suffer from carly protein-calorie malnutri-
tion, particularly in urban arcas. The maost
common type of severe malnutrition at this
age is that of nonedematous PCM . due to a
predominant caloric deficiency.?

EFven when properly breast-fed, com-
plementary feeding practices for the child
arc poor, and induce some degree of PCM
after the first 3 or 4 months of life. When
weaning occurs, most children are fed

diets that provide insufficient amounts of

calories and proteins. Others receive only
starchy gruels or high-carbohydrate low-
protein diluted cereal drinks, which accen-
tuate protein deficieney. Table 24-3 pre-
sents the median nutrient intake of rural
Central American children, expressed as
per cent ol the recommended allowances
for cach age group.

It is important to realize that, in the
developing arcas, children are smalley in
size than those of the same age in the
developed areas: consequently, their actual
requirements are somewhat reduced.
Nonctheless, a decreased food intake for
age, even when it could be fairly satisfac-
tory for size, perpetuates undernutrition,
I, at this time, the child is forced-fed diers
high in calories but low in protein, he
becomes acutely protein-deficient in spite
ol being fat. This severe protein deficiency

ll.-l\)‘l

Table 24-3. Median Nutrient Intake as
Per Cent of Recommended Allowances
of Nutrients Consumed by Preschool
Children in the Rural Area of Guatemala*t

Age Groups (yrars)

/ 2 3 4-5.
Nitrients (38)t (43) (34) (14)~
Caloties 6H3 Gl B) 48
Proteins 79 74 108 67
Calcium 72 (0 o 72
laon 56 71 103 66
Vitamin AY 24 10 25 20.
Thiimin 100 a2 128 68
Ribollavin 50 16 ho o 31
Niacin 42 Ho H8 39
Vitamin (: 40 H{ o 20

—

*Over 90 per cent of preschool children consumed
less calories and over 60 per cent consumed less
protein than the recommended allowances., ‘The cal-
ories and protein consumption was lower than
recommended in 80 per cent and 40, per cent of the
families, respectively.

t Modilied from Flores, Menchia, Lava, and
Guzmidn: Arch. Latinoam. 'Nutr., 20, 41, 1970.

i Figures in parentheses represent’ the number of
children,

S Vitimin A intake has improved, especially in the
older preschoolers, since sugar lortification wich this
vitumin was begun in 1976,

gives rise to edemarous PCM of the
“sugar-baby™ type More often, infants,
become the victims of mild-to-moderate
repeated infections and, by the time they
are weaned, develop a common diarrhea
syndrome known as “weanling diarrhea,™?

After weaning, children cat litde or no
milk and other animal products and they
are fed the usual Family foods, frequently
in - insufficient amounts, because of poor
avaitlability of food and incorrect cultural
practices in child feeding. Also, alter wean-
ing, children living in these environments
frequently suffer from acute infections. As
2 consequence, their nutritional condition
vapidly deteriovates. Those children who
pror to weaning were growing at a slower
vate and very often were somewhat un-
derweight for their height become frankly
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undernourished. Those who follow this
path develop the edematous type of PON,
but at the same time are somewhat
emaciated. They suffer from a predomi-
nant protein deficiency, superimposed on
various degrees-of caloric deficit.

The majority of children. however, do
not develop a severe degree of PCM and,
through a series of adaptive mechanisms,
remain in a state of mild-to-moderate
protein-caloriec malnutrition. T'his condi-
tion is characterized only by growth retar-
dation and by periods wherein they have a
mild weight-for-height deficit, with or
without traces of edema. Children who
survive the critical weaning and preschool
periods continue to grow at a slower rate
and their caloric and protein requirements
per unit of body mass rapidly decrease.
Their daily diets continue to be low in both
calories and protein, but they usually can
procure more food and often have already
had most of the common childhood infec-
tious discases. Thus, these children can
progress into adulthood without further
serious risks of becoming severely under-
nourished. However, if a severe infection
or diarrhea supervenes, they can sull de-
velop severe PCNM, regardless of age.
Among the common childhood infections,
measles and whooping cough are well
known to precipitate severe protein-calorie
malnutrition. In children and adulis, re-
peated acute diarrheal episodes, chronic
malaria, schistosomiasis and massive infes-
tations by hookworm, T'richiuris trichiura
or Strongyloides, plus other stresses such
as acute food shortage and severe physical
or psychologic stresses, can induce severe

PCM.

PHYSIOPATHOLOGY AND
ADAPTIVE RESPONSES IN CALORIE
AND IN PROTEIN DEFICIENCY

Through a scries of physiologic mecha-
nisms, the body tends to maintain o
dynamic cquilibrium. A typical example is
the tendency toward calorie equilibrium:
After the ingestion ol a meal energy s
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stored, mostlv in the form of high-cnergy
phosphates, far and glycogen, which e
drawn upon 1o obtain energy during the
daily reguline and relatively short periods
of fasting and during periods ol increased
cnergy expenditure.

With longer periods ol calorie and/or
protein restriction, the body progressively
adapts itsell in order to maintain as
adequate a functional status as the limited
supply of nutrients allows. Consequently,
in the process leading 1o PGM, the body. is
dynamically adapting to itand continues 1o
do so throughout, until the individual is
“maximally adapted.” "This adaptation re-
sults in a decreased nutrienty demand and
in the attainment of nurritional equilib-
rium compatible with a lower level of cellu-
lar nutrient availability. Tf, at this point,the
supply of nutrients becomes persisientls
lower than that to which rhe body can
adapt, death supervenes. However, al-
though i most instances the nutrient sup-
plvis low, 1t s not so inadequate as to cause
death and the individual is vhus able 1o live
inastate adapted to the dimmshed intake.
In this process, most functions e aliered
and have the following chavacteristes: (1)
They are more susceptible 1o being over-
whelmed by an overloading mechanism,
which brings about decompensation or
Fiilure ol adaptation and consequently
poses a thieat to the lite of the host. In
other words, the adapted PCN individual
1s a labile, funcionally Tragile subject. (2)
Because of their dynamic nature, the de-
gree of functional alteration generally 'cor-
relates with the degree of protein deple-
tion. This correlation is idso imfluenced by
the rate at which depletion ocans, or
which repletion takes place during nuiri-
tional rehabilivanon. ™

The adaptive metabalic processes in
both calorie and protein malnutrition
occur by hormonal intetaction, by ser-
vomechanisms at the cellular level and by
as vet poorlv understood generalized body
reactions. Briellv, cilorie deficin mdaces
the hormonal adaptations described “m
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Table 24-4,

Malnutrition

Schematic Hormonal -Adaptive Mechanisms in Malnutrition

Hovmaouwal Aectizaties i

rotein-calorie

Hormone Stemndis Result Calonie Deprivation Deprivation
Insulin t Glucose g4 Protein ssnthesis
t  amino acids (muscle) Decreased Decreased
1 Growth
t Lipogenesis
Growth | Glucose t Prowein synthesis
hormone 1 amino acids (hml‘\)
1 Growth Variable, Increased
I Lipolysis penerally
I Urea synthesis normal
Glucocorticoids | Glucose I Protein catah-

| amino acids

Thyraid
hormones

T Energy
metabolism

olism (musele)

Protein turnover Increaserd Variable,

penerally

Neoglucogenesis normal

!

(visceri)
!
T Lipolssis

Inergy homeo-

SEAsIS Decreased Decreased

Protein turnayer

Table 24—4, which lead 1o mmcreased
mobilization from adipose tissue.
During the mitial phases of deliciency,

the individual shows decreased  physical

activity and a lower basal encrgy expendi-
ture per unit of lean body mass. The bhody
composition is progressively altered by de-
creasing adiposity at a fast rate and lean
body mass at a slower rate. NMuscle
catabolism produces an mcreased efflux of
amino acids, primavily as alanine. As the
caloric deficit becomes severe, hasal energy
expenditure may be normal or even in-
creased per unit of lean body mass, which
then decreases at a fasteraare 15
Protein dehcit usually occurs together
with caloric inadequacy and the hormonal
changes are generally similar to those ob-
served in caloric deprivation: often, fasting
circulating growth hormone levels are
higher in protein deprivation than in
caloric deficit"'" and glucocorticoids e
not increased in the former, although free
cortisol is higher than normal, resulting in
functional hypevcorticism™ (Fable 24-1),
Somatomedin levels are low i PONM, espe-

cially in cases with severe protein de-
ficrenev.™ In protein deficit there are also
cellubar adapration mechanisms not di-
recthy hormonally mediated but induced
by the poor availability of aniino acids,
causing decreased protein ssnthesis at the
ribosomal level. The result of both mecha-
nisms of adaptation e an internal shiltin
protein metabolisim to an increase in mus-
cle protein catabolism and, therelore, a
relative increase i amino acid availability
at the visceral levell The composition of
the hree amino acid pool is altered. There
is o decrease in both the ssnthesis and the
catabolism of total body proteins, the latter
predominating over the former,

[ he most significant change in protein
metabolism is a marked reevching of amino
acids: The end-resultis a longer half-life of
some proteins, such as albumin, and a
generally  decreased protein and amino
acid “turnover, Inoaddition, the internal
body distribution of protein chianges. This
is the case with albumin, which diminishes
more o the the
intavasculin - space. Urea synthesis de-

extravascubar than
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creases and simple nitrogen-containing
compounds, such as urca, apparently are
more cfficiently utilized as sources of ni-
trogen. In terms of body composition, a
progressive reduction in lean body mass
occurs, resulting primarily from muscle,
and probably also from skin, protein loss.
Visceral protein is initially reduced (“labile
protein”) but then becomes stable or may
even regain some of its total mass. As the
body protein turnover and total body pro-
tein mass decrease, basal oxygen consump-
tion also decreases.!?2%2!

These adaptations, which lcad to the
sparing of body protein. are casily upsct by
forced calorie intake, primarily in the form
of carbohydrates such as starch grucls.
Hormonal adaptation mechanisms are
“fooled™ and, as a consequence, internal
amino acid and protein shifts are im-
paired, thus inducing visceral amino acid
depletion and a breakdown of adaptation.
Infections leading o disease and other
stresses also upset adaptation by causing
anorexia and markedly reduced food in-
take in the lace of increased energy and
protein nceds. Fever increases encrgy
waste and is accompanied by large nitro-
gen losses and shifts toward amino acid
utilization for energy purposes. Amino
acid utilization is also diverted for in-
creased synthesis of special proteins, such
as gamma globulins (antibodlices).?# This
probably also reflects a breakdown of the
amino acid-sparing acdaptive mechanismns
described.

An important finding in most investiga-
tions of the hormonal status in PCM is that
hypophyseal functional capacity is unim-
paired. Another important concept must
be kept in mind in explaining metabolic
adaptations: Hormonal effects may not be
wholly explained by circulating levels of
hormones and metabolites. Cellular re-
sponses 1o hormonal stimulation, as well as
hormonal metabolism, may be markedly
altered in PCM,

When the adaptive mechanisms are
maintained, the impact of PCM s di-
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minished and the length of time that an
individual takes 1o go o mild 10 severe
protein-calorvie malnutrition is prolonged.
Of course, the individual has to sacrifice
certain fundtions and some nutrient re-
serves and, for this reason, hecomes more
susceptible 1o ipjuries which a well-
nourished individual can withstand with
hittle repercussion. Total body K content is
reduced * 2 Total circulatimg hemoglabin
i1s reduced pari passu with ‘decscased body
oxygen demands. Red vl production s
diminished and hemodilutfon takes
place. ™27 Cardiae work decrcases, as
does functional reserve,®™ and central cir-
culation takes precedence over peripheral
circulation. Cardiovascular reflexes are al-
tered, leading to postural hy potension and
diminished venous return. Hemodynamic
compensation in severeé PCM occurs
primarily from tachveardia rather than
from increased stroke volume, The renal
plasma flow, glomerular filtration vate and
tubular function decrease. As a0 conse-
quence, in severe cases, the renal concen-
trating ability and acidificuion mecha-
nisms are impaired.® Belore this occus,
chronic sodium retention and increased
serum and urine antidiaetic activities lead
to relatively increased totat and extracellu-
lar body water™ Intracellulin water is 1e-
duced in absolute terms because of losses
in lean body mass, but ingacellular over-
hyvdration may be present 242530 Physical
strength is diminished, further inducing a
reduction in the physical working capac-
il)..ﬂ'..’..'l-'l

Other alterations not directly correlited
with the degree ol prorein deficit, but
always present in advanged protein de-
ficiency, include impaired - intestinal ab-
sorption, moderately decrcased capacity to
transport protein-bound substances in
blood, reduced gonadal function and low-
cred resistance to infection, "The immune
systems alfected in severe PCXE include
those medited by cells: amighodies, phago-
avies, complement and other nonspecific

factors including  lyvsozvine™ Moderate
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PCM and fetal malnutrition, as well as
other specilic nurient dehiciendies, appein
to have profound clfects on cell-mediaed
immunity.

Impaired intestinal absorprion of lipids
and disaccharides and a decreased rate off
glucose absorption occur in severe protein
deficiency; the greater the protein deficir,
the greater the functional impairment. A
decrease in gastric, pancreatic and  bile
production is also observed, with normal 1o
low enzyme and conjugated bile acid con-
centrations. ‘T'hese alterations further -
pair the absorptive functions. Protein-
deficient individuals are diarrhea-prone
because of these alierations and possibly
calso because of irregular intestinal motility
and gastrointestinal bacterial overgrowth,
Diarrhea per se aggravates the malabsorp-
li()]l .:l.'n— n

Finally, a generalized decrease in ner-
vous system function is clearlv apparentin
severe PCMAY2 “The ctiology of these al-
terations has not been clucidated. Several
explanations have been proposed, among
others decreased brain potassium content
and  catecholamine  production, reduced

number ol cells in the central nervous

#18: [Hmhsl TRTIIT

Fig. 24-1.

i

Malnutrition

svstem when malnuninon aceuns hefore 6
to S months of age and small cell size when
I ocors at a later agett 2
Decompensation from severe calorie
deficiency oceurs from inability 1o main-
tain internal energy supply and results in
hypoglycemia, hypothermia, impaired cir-
culatory and renal funcions, acidosis,
coma and death. In the case ol decompen-
sation [rom. protein deficiency, visceral
funcuonal failure also results from un-
availability of amino acids. At the same
time, an accelerated  tissue breakdown
takes place.-'Lhe resulting alierations are
fatlure of the liver 1o synthesize certain
proteins such as albuming several doting
Factors and transport proteins, leading to
Farty liver, mareased Tree cinculating cor-
tisol, hemorhagie diathesis, and jaundice
I extreme cases; various degrees ol renal
Fulure with acidosis, as well as wiater and
sodivm retention, binklv deareased car-
e work and tissue anoxia with pulimo-
nary congestion occur, Al of these factors
lead o the development of clinical edema
ane, inoextreme cases, skin lesions with
hemorthagic phenomena, o addition,
i Teakage o the gasnromtestnal tract,

B

- m—— e e

Tcap T1=008

Weight of rural Guatemalan male and female children below 5 years of age, in relation to

that of U.S.A. children. Number of Guatemalan children in the sample: 431 males and 436 females. (From

INCAP.?)
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increased susceptibility to pulmoniny infec-
tions, water and clectrolyte disturbances
with hypokalemia and hypomagnesemia,
frank central nervous system depression
and death can result. %%

DIAGNOSTIC CHARACTERISTICS OF
PROTEIN-CALORIE MALNUTRITION

The clinical and biochemical picture of
PCM varies according to its severity and to
the characteristics of the host, the envi-
ronment and the agent,

Chronic Mild-to-moderate PCM*?

Clinical. It is obvious that the severe
syndromes of edematous and nonedema-

BT A% IR
§ & e i

¥

LrE .
: : 5.70
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tous 'CN, recognized as kwashiorkor and
marasmus, respectively, represent the crit-
ical end of a spectrum of varving degrees
ol deficiency.

However, before these severe stages e
reached, children survive with insulhicient
calories, protein or both, i situation which
does not allow them 1o grow and develop
at the rate to be expected from their ge-
netic potential. A long-standing restriction
would be clearly matnifested by a retarda-
tion in height and weight gain (Figs, 24-1
and 24-2). This reduced size may be a
life-saving device 1o allow the children 1o
survive on the restricted food available (o
them.

Fig. 24-2.

ped ion Ay aslinad

Appearance of two 10-year-old children in the rural Central American repion, The one at the

left has always been well nourished. The one at the right has been mild-to-modesately malnourished.
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Under these chronie conditions, it s
generally observed that body mass, al-
though markedly 1ctavded for the
chronologic age of the child, is adequate
for its height. However, these children
may be chronically affected by temporary
periods of weight-for-height deficies. As
judged by body composition studies, hone
maturation and  biochemical mea-
surcments, the malnourished child is not
small version of his well-nourished coun-
terpart of cquivalent chronologic age. He
shows an immaturity in biologic develop-
ment compatible with his retarded physical
size. T'his includes deficits in lean body
mass and adiposity, with relitive overhy-
dration alfecting primarily the extracellular
space. Without knowing the actual age ol
the subject, it is often difficult or even
impossible to determine the presence or
extent of malnutrition,

Other characteristics of such cases,
which are more difficult to auribute exclu-
sively to nutrition, are reduced physical
actuvity, mental apathy, frequent episodes
of ill-defined sickness, anorexia and
diarrhea and a higher fataliy rate from
common infectious discases.

It has been shown that an assoctation
exists between retarded physical growth

and development and some tests of

psvchomotor and mental development 0=
The isolated effect of malnutrition as
causc of this phenomenon is strongly sup-
gested by data derived from animal ex-
perimental work, Direct prool does not
exist in humans, although studies are now
under way from which an answer to this
question is expected. Nevertheless, it -s
beyond doubt that the responsible factor is
the complex ol social deprivation, of which
nutrition is one of the most important
components.™

Chronic PCM in adults generally resuhs
in marked leanness (Fig, 24-3), which, in
severe cases, can reach a stiare resembling
cachexia. Because their protein require-
ments per unit ol body mass e muach
staller than those ol children, the main

Malnutrition

Fig. 24-3.
year-old man.

Mild-to-moderate malnourished 36-

manifestations are of primiy calorie de-
ficiency. "Thus, physical activity and capac-
ny for prolonged phiysical work are re-
duced, perhaps as a mechanism 1o main-
tan caloric equilibrinm on low food intake.
Changes in body composition similar 1o
those deseribed for children can also be
obscerved 324

Because ol the charac-
“teristically low protein intake, subjects have
a low excretion ol urea N per unie of
creatinine™ and a abnormal
plasma hree” amino acid pattern with a
decrease ol the hranched essential o

Biochemical.

somaoew hant

actds o e has been reponted also that



Protein-calorie Malnutrition

they excrete a lower amount of hydroxy-
proline in the urine, in good agreement
with the slow growth rvie Slight de-
creases in transferrin and albumin serum
levels have been reported 25 If lean body
mass is reduced for height, this is man-
ifested by a decreased ereatinine/height
index.%

Severe Protein-calorie Malnutrition

Clinical. Nonedematous PCM. Scvere
calorie deficiency is clinically recognized in
children by the syndrome identified as
marasmus in most parts ol the world, or
nonedematous severe PCM  (Fig, 24-4).
T'he child is frankly small [or his age, looks
cmaciated and, in extreme conditions, re-
duced to “skin and bones” because of an
essentially total absence of adipose tissue,
His skin is usually dry and “baggy,” wrin-
kles casily and has lost its turgor. ‘The hair
i1s sparse, thin and dry, and can be pulled
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out casilyy it loses s normal sheen and
acquires a dull brown or reddish yellow
color, giving it a lifeless appearance, 1 he
face resembles that ol o monkey, with
sunken cheeks in extreme cases, hecause of
the disappeavance ol the Bichat fat-pad.
The child is weak and looks hy potonic, and
his pulse, blood pressure and temperature
may be low, THe is sensitive to cold temper-
ature, cries casily and is olien found re-
tracted from his environment, sucking one
or more fingers.: His viseera are small and
lymph nodes e casilv felt. Soon alter
therapy is initiated the child hecomes alert
and interested in his envitonment. In
adults, extreme emaciation is characteristic
of calorie dehcit (Fig, 24-5).

Common complicating features are eye
lesions, due to hypovitaminosis A, and skin
infections. The dlassical cases suller from
constipation-and .are ravenously hungry,
but diarrhea, anorexia and vomiting, with

Fig. 24-4.

Twenty-one-month-old child with severe nonedematous PCM (marasmus) on admission tn

the hospital and 4 months later, when fully recovered.
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Fig. 24-5. Twenty-nine-year-old man with severe nonedematous PCM on admission 1o the hospital and’
3 months later, when fully recovered.
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dehydration, are not rare: dehydration,
acidosis and clectrolyte imbalances may, in
fact, cause death, Postmortem examination
shows only generalized atrophy, without
fatty liver, Clinically and post mortem, the
child has no edema, although his total
body water is increased for his size, 524
Edematous PCM. T'he child with acuie
scvere protein deficiency of the sugar-haby
type (Fig. 24-6) 1s usually almost normal in
height for age; his body fat is normal or
increased, but flabby, and he is clinically
edematous. The edema may be located
only in the lower segments of the body,
through the action of gravity, but generally
his face is swollen, his cheeks look heavy
and his eyclids are swollen shut. He is pale
and the skin shines in the edematous arcas.
In other parts of his body the skin may be
dry and atrophic or have Large asymmetric
confluent arcas of hyperpigmentation and

-
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Fig. 24-6. Thirty-six-month-old child with se-
vere edematous PCM and preservations of adipos-
ity (kwashiorkor) on admission to the hospital and 4
months later, when fully recovered.
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hyperkeratosis. A peeling tvpe ol desqua-
mation occurs in these aeeas, leaving un-
derncath o fine, atrophic pinkish skin,
Fair is atrophic, dry, depigmented and has
a reddish tint, falls off casily and breaks
upon rolling between the limgers. Olen,
zones of alopecia are noted. "The nails e
brittde and have horizontal grooves. The
general appearance is that of a hypotonic,
miscrable-looking  child. e s apathetic
and irritable at the sime time. In the
severest cases his apathy is. profownd.
Anorexia is almost universal. I.Icp;umm;g-
aly is frequent, as are a swollen stomach
and intestinal loops. Diarrhea is almost
always present. Frequent complications are
cye lesions due to. vitamin A deficiency,
cheilitis and cheilosis, as well as other man-
ifestations of deficiencies of the vitmin B
complex. Upper respiratory infections and
dehydration, even«in the presence of
cdema, are common and often lead 1o
death. Tntestinal motility is irregubioe, and
these children often become dehvdrated
belore they pass a huge liguid stool. As the
child begins to recover hie loses his edema
and remains fat and labby. T his Appein -
ance often nusleads the chnmcim who may
consider him recovered because his weighi
may be normal. In fact, he s sall severely
protein deficient in terms of lean body
1ASS.

Pulmonary cdema with bronchopneu-
monia, septcemia, gastroenterins and
water and electrolyte imbalances are the
most common causes of death, Atautopsy,
generalized  edema, visceral and marscle
atrophy and severe fauy hver are found.
Red bone marrow s cgentripetally re-
tracted,

Most cases of severe malnutrition, hoth
in children and adults, fall between these
two extremes ol pure caloric and pure
protein deficiency. In these cases, a
moderate-to-severe protein dehde may be
supertmposcd on a severe degree ol
cilorvie dehicaency, and vice versa (g,
24-7). These subjects, suffering from se-
vere PCM with edema, together with puone
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Fig. 24-7. Twenty-five-month-old child with se-
vere edematous PCM superimposed on chronic
caloric deficit. In addition to being edematous, he
appears wasted (marasmus-kwashiorkor). Pictures
weare taken on admission to the hospital and 4
months later, when fully recovered.

protein deficiency, have been identified
with kwashiorkor., Clinical edema consu-
tutes the maim characteristic for diagnosis!
The mixed PCM cases have also been idern-
tfied with avvariety of terms, among which
are pluricarential syndrome in Central
America, undernutrition in other Latig
American regions, and protein malnutri-
tion in certain African and Asian eoun-
tries. ™4 In adults, a predomimant pro-
tein deficiency can also lead to edematous
PCM (Fig. 24-8).

Biochemical. In scevere protein-calorie
malnutrinion several biochemical alterh-
tions can be observed. NMany ol rhese dis
tinguish between the edematous and  the
nonedematous 1ypes.

Proteins and Nitrogenous Compounds.
The child who has veached the severe stage

Malnutrition

of cdematous PCN has been submitted to a
severe negative protein balance ®™ Con-
scequently, his total body nittogen is mark-
cdly reduced. Different organs share this
protein loss to ditferent extents,*=% "The
liver r;rpitlly loses a fraction of proteins,
while the loss of muscle protein is progres-.
sive and, because ol the large muscle mass,
accounts for the major protein loss. Kid-
noy, brain and endocrine organs seem o
rgtain their protein more celficiently. How-
ever, the importance of these different
lorsses in terms of organ function cannot be
derived from their relative magnitudes. A
low ratio of protein to DNA is found in
muscle, liver and hrain, indicative of in-
tracellular protein loss. ™ In nonedemas-
tous PGNM these changes are moderate,
becoming severe only in the most ad-
vanced stages.

The concentration of several protein
[ractions.in the body fluidds s low. (Al-
though present in both tvpes of POM,
cdematous and noncedematous, the
chimges 1o be deseribed are more pro-
nounced in the first tvpe. Inothe second,
they may be totally absent.) The concentra-
tHon ol total proteins is reduced, mainly
due to a decreased albumin concentration.
I he concentration of bheta-globulins is also
decreased. The gamma-globulin fraction
concentration s either normal or in-
creased; therefore, the per cent contribu-
tion to the total plasma proteins is always
high.™ Some plasma proteins with very
specthe Tunctions may also be deareased,
Among them, those associted with the
transport of other nutrients and hormones
are particularly important: transferyin #49
ceruloplasminff retinol-binding protein
(RBI)."™ alpha- and beta-lipoproteins,®
thyroxin, ™ and Fikial
dosterone-binding  proteins.™

and al-
Lipaired
blood transport may attain significance in

cortisol-

the development of secondany metabolic
abnormalities, as has heen shown i the
case ol Tipids and vigimin A7 The blood
concentration of e nintogen s low, as is
isexcretion in the e, Thas relleas the
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Fig. 24-8. Forty-six-year-old man with severe edematous PCM on admission to the hospital and 3
months later, when fully recovered.
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low catabolic vate of bods proteins and
decreased urea synthesis, which are chan-
acteristic - of  primary  protein de-
ficiency 2™ When calories e the most
limiting  [actor, urea production is in-
creased because body protein catabolism is
clevated.™

The excretion of urinary creatinine is
decreased,™  a consequence of the de-
crease in muscle tissue and lean body
mass.R1H2

The plasma free-amino acid pattern is
abnormal in edematous PCNM. A lowcered
concentration of valine, leucine, and
isoleucine is characteristic, as is also a very
low tyrosine concentration.®™* “I'he ratio
of the branched essential 1o nonessential
amino acids is low. Another Iinding, which
is very characteristic, is a low tyrosine/
phenylalanine ratio, as a result of a de-
ficiency in phenylalanine hydroxylases™® In
noncdematous PCM, plasma amino acid
alterations may be absent.

Hemoglobin concentration is variable,
but often it is around 8 1o 10 gim per 100
ml because of hemodilution. Generally, the
cells are normochromic and normocyiic.
Hypochromia can be present it a severe
iron deficiency exists from other causes,
Mild to overt megaloblastosis can oceur
because of folate deficiency.* The gren
majority ol subjects are not anemic but
physiologically adapted to the decreased
oxygen demands ! Leukoeytosis can
occur il infection is present. Leukopenia
and thrombocytopenia generally indicate
the presence of gram-negative septicemia.

Although it has been observed that uri-
nary aimino acicd excretion is abnormal, ne
consistent pattern seems to be evident. The
abnormal metabolites ethanolamine and
beta-aminoisobutyric acid have been de-
tected, suggesting a defect in transmethy-
lation ™ Exeretion of urocanic acid  has
been shown 1o be abnormal after a his
tidine load *

Carbohydrates. Usually blood glucose is
normal. However, there is an increased
tendency to hypoglycemia upon fasting

Malnutrition

This is compatible with the finding that
liver and muscle glveogen stores are nor-
mal or low.™ Some alterations revealed by
clinical Taboratory studies suggest abnor-
mal metabolic handling ol glucose. Glu-
cose tolerance tests give a diabetic type of
curve, and msulin secretion is low ™4 Iin-
pafred glucose atilization, glycogenolysis
and glycolysis have also been demon-
strated. In addition, there are isolated
picces of evidence of impaired enzymatic
steps along the glucose oxidation, the
Krebs ovele and the galactose-to-glucose
conversion paths A0

Lipids. Steatorrhea is a characteristic of
cdematous PCM, even when the diet s
practically devoid of far®! Lipid absorption
is reduced.®™ Low levels of many serum
lipid  fractons; neatral tat, cholesterol,
particularly s esters, vitunins Ly and K
and phospholipids have heen demon-
strated. ‘These findings suggest that the
changes in speafic plasma proteins and
phyvsical chemical strancture of the lipid-
protein complexes account for impaired
blood transport,™* In fact, there s di-
rect evidence for deareased lipoproteins as
well as for deareased RBP the speclic
vitnnim A-binding protein™ A\ great part
of the fatny hiver iy well he the conse-
quence ol inability o mobihze fa

Vitamins.™ Signs ol water-soluble vita-
min deficiencies vary with the local dictary
patterns, but, even when intakes are low,
serum concentrations of thizunin, ribofla-
vin, vitunin G, niacin metabolites and fo-
Lates may well be within the normal range,
and overt clinical signs of dehicieney of
these Factors are varely seen. Vitunin By,
serum levels are often Tound 1o be high,
All of 1the above findings suggest that,
although the supply of these vitamins may
he Tow, tissur demands are also decreased.

In the pe ol PCM
(kwishiorkor). scrum levels ol vitimins A
and Foare.consistently lower than normal,
In the case of vitomim A, vitamin
intake and defective absorpion and trans-

cdematous

PIHH

pott explant these alterations, | his r.\'pl;l-
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pation may well apply also to vicimin 1 All
levels rise vapidly with therapy.

Water and Electrolytes. """ 1" Hypo-
osmolarity is a common finding. Serum
sodium levels are from normal to low.
Potassium and magnesium serum  levels
arc not decreased, except when excessive
losses of the cations occur through
diarrheca and vomiung. In such cases,

hypokalemia is accompanied by a loss of

potassium from specific tissues such as
muscle and brain®'* "This results inoa
decreased cellular potassium/nitrogen
ratio. Mild acidosis is also common, on
account of a decrease in the renal acidifica-
tion mechanisms. Total serum calcium is
somewhat low, primarily because of the
protein-bound fraction.

Enzymes. The activity of several serum
enzymes such as amylase, pscudocholines-
terase and alkaline phosphatase is re-
duced. Their drop i1s consistent with and
quite parallel to that of albumin, so thin
they may be normal in nonedematons
PCMARIM Serum  transaminases are cle-
vated and reflect increased tissue trans-
aminase activity and leakage from the
cells.'™ Around 15 hepatic enzymes have
been studied '™ including dehydrogen-
ascs, oxidases and esterases. Of these, 4 are

clearly decreased in the edematous type of

PCM—xanthine oxidase, glveolic acid
oxidasc, d-amino acid oxidase and
cholinesterase. It has been pointed out that
these enzymes are not involved in funda-
mental physiologic functions and seem to
be of relatively little importance. On the
other hand, cytochrome ¢ reductase, a key
enzyme in clectron transport, is well pre-
served.

More complex svstems, which depend
on the integrity of the mitochondria, have
been studied. Oxidative phosphorvlation is
somewhat reduced, and phosphate uptake
into phosphatides is about half the value
seen in recovered children.™

Enzymatic changes in liver and PMN
leukocytes have been studiced compiina-
tively." Tt has been found thar not only

/13

are changes m both tissues similae buar tha
they e charactenistically ditferent in the
cdematons and nonedentatous tvpes, T
summaty, these changes ime: moreased ac-
tivity of Tumarase and acontase, decreased
activity ol 1socitric dehydrogenase,
glutamic dehyvdrogenase and aldolase in
the edematous malnourished  child with
the reverse being true of the nonedema-
tous patients. Muscle creatine phaos-
phokinase activity has been found o he
consistently low an childven with the
cdematous type, while in those sulfeting
from the nivasmic type low or normal
vilues can be observed '™

[t is impossible to separate the effects of
protein deficiency per se on enzymes from
changes inactivity, which mayv rellect
changes in functional pattern i response
to adaptation. In general, the Tater in-
terpretation seems more plagsible. Mea-
surcments done i vitro with reconstructed
svstems tell nothing abour subcellular
structure changes, which may alter himnking
of enzyvmes with then subsirates and cotic-
tors. T'hese could well invobve alterations in
and

membrane structure at the cellula

subcellular level.
TREATMENT

Chronic Mild-to-moderate
Protein-calorie Malnutritipn in Children

Yecause the childven anre not only phivsi-
callv retarded but also proporiionally im-
mature, thenr protein and calorie mrake
should bhe calculated on the basis of ther
hetehr, that s, asaf the child were well-fed
bhut vounger, of anapgelor whichahis height
would correspond to themHoth percentile.
This means a higher calorie and protem
intake per kg ol body werght than thar of
children of the same chironologic “age.
These mtakes, therelores will promote a
tetention of encrgy and protein 1o permi
catch-up in growth and development. Of
course, they should contam the appropni-
ate concentrations of all the ather essential
When

nutrients. nen hed deticiencies of
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other nutnients e also provalent, adimine-
istration ol spechc supplements s called
for.

Severe Protein-calorie Malnutrition

The severe. uncompensiated forms ol
PCM require medical guidance durng the
initial phases of treatment."™" """ Whenever
possible, children with: noncomplicated
PCM should be treated on an outpatient
basis ""1= Hospitalization in pediatric
wards increases the risk ol cross-infections.
The presence of the mother or another
close relative in the hospital is highly desir-
able.

Mortality in severe, uncompensated
PCM is high even with hospitalization,
ranging from 11 to 530 per cent depending
on the center where treated and on certain
characteristics of the patients, such as those
listed on Table 24=5. In most cases the
cause of death is a complication rather

than PCM per se, but such complications,

do not have such high mortality in well-
nourished patients,

Table 24-5. Characteristics of Severely
Protein-calorie
which Carry a Poor Prognosis

Stupor o1 coma.

Ape less than 6 months,

Weight-Tor-height deficit greater tham 10 per cent.

Severe, protracted dinrhea

Infection, primarilhv bronchopneumonia or measles

Hemorhagic tendency, Purpuracis usually associated
with septicemia,

Severe eve lesions.

Fxtensive esudative or extoliatnve devmal lesions,

Extensive and deep decubitus uleers,

Debadation and clecrolve disturbances, particulay
hyponatremia, hypokalemia and  probably by po-
NLILNESC G

Clinical pumedice o moreased <evmm bilivabim anedon
ankhv elesated sevim glatamic-oxaloacene, ang
clutimic-porne nansaminases

Hypoghveemia and/on hyvpothermm

Foral serum protems bhelow 3 g per 100 ml

Severe anemia with chimcal signs ol bnposaa

Severe tichnvoandia, signs ol heart Lolme andfon e
spatatony distress

Malnourished Children -

Malrutrition

[he veatment of severe PN may be
cdivided mto two ph;lw\':

L. Thar oniented towand savimge the panent’s
lite by bringing ham hack 1o his adapred
SEager

2 lhe consohdation of
cure” phase. At this stage, bady protein and
cncrgy replenion o the panent’s height
should he achiesed,

rehabilitation o

‘Lhe main- objectives of the initial teat-
ment are: therapy ol infection and correc-
ton of waer and clecrolvie imbalances as
wddl as of ‘other factors which lead o de-
cCompensation,

NMaintenance ol adequate urimary output
is of-primary importance. Preferably this is
accomplished by oral therapy, keeping in
mind thefact thae the severely PCM indi-
vidual is hypo-osmolr.™ In - addition 1o
by po-osinolarity, other peculinities of the
sexerely malnourished patient that must be
tahen intosccount to correct add/or main-
tain his clectrolvie bhalance ae: (1) toal
hodv porassium  depletion. hrequently
without hypokalemia, hecause of mnacel-
luline potassium depletion, (2) mild-to-
moderate metabolic acidosis, which tends
to disappear when electrolvie halance s
reestablished amd the panent vecenes di-
ctany o parenteral eneray e () in-
creased tolerance o hvpocalcemia, partly
bhecause of the acidosis, which produces a
fonized Cat ', and
piarthy hedcanse of hyvpoproteinemia (when
present), which makes less protein avail-
able to bind Ca'!

reliiinve mcrement

As plasma proteins increase, hypocal-
cemia and even wetany nay appear il cal-
ciumy intake s inadequate.

I there s adequate dinresis, the diet
should also provide from 6 1o 8 mbqg per
kg hody weight per dav of Ko 1 needed,
the  potassinm concentration can be in-
creased o supply 10 mlag per kg per day
hodv weight toreplhice actual Kolosses from
diarrhea o vomiting, which are usually 40
mlq per hiter, Sodiom intake should be
suthcientto replice losses tabout 35 mEg/L
from dinheasand T2 mbge L from emesis),
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but otherwise it should be relatively Tow (3
to 5 mEq per kg per day) because PCM
patients have an excess of hody sodium,
Dicts very low in sodium, however,
hamper both renal function and normali-
zation of intracellular electrolyte composi-
ton." An excess of sodium and osmolar
overloads can casily induce cardiac failure.
Magnesium should also be administered,
particularly when diarrhea and vomiting
occur. Usually T ml of Mg SO 7H,0). 50
per cent solution IM every 12 10 24 hours,

is adequate. This therapy is important if

tetany, oculogyric crises, tremor and
bizarre ncurologic signs occur in the initial
phases of realimentation. In patients with
tetany, calcium gluconate should also be
administered intravenously, 0.5 to 1 gm
slowly in 1 hour. Unless severe, acidosis
should not be treated. Usually, renal func-
tion will handle acid-base
clhiciently.

If needed, intravenous therapy can and
should be used, Tollowing the general out-
line descergbed for oral rehydration, except
that K therapy should not exceed 6 mlyg
per kg per day. Osmolarity should he kept
at around 280 mQOs per liter, and sodinm

balance

must be kept low. Administration of

plasma or other “protein-rich™ fluids s
contraindicated, except when severe intra-
vascular dehydration (hypovolemin) with
shock is present. Shock due 1o severe de-
hvdration or gram-negative septicemia
should be treated as if the individual were
not malnourished. In some of these cases
blood transfusions are indicated. but
hemoglobin concentrations should  be
brought only to 10 gm per 100 ml or less,
which are commonly the hemoglobin levels
these children achieve from adaptation.
Transfusions of packed red cells are indi-
cated only when severe anemia is present
and cardiorespiratory failure is imminent.
Again, hemoglobin concentrations should
be brought only to about 10 gm per 100
ml.

Infection should be treated vigorously
and, il possible, with the help ol a labora-
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tory, so that the infective.organisms cain be
isolated and their sensitivity 1o antibacte-
rial agents determined. When there is a
choice, the use ol antibioties that inhibit
protein synthesis should he avoided.,

A Tree airway with adequate Tung venti-
Lation is essential. When pnenmaoniais pre-
sent, oxvpen therapy and eyen tacheos-
tomy may have to be undertaken, because
it often happens that these spatients -are
weak and cannot clear fheir airways satis-
factorily,

When severe hepatic failare oceurs it
should be nreated accordingly, as is done
when cardiace fatlare supervenes, Diarrhea
is treated mainly by dict. No amiticholiner-
gic drugs are used. Another general rule is
to protect the PCM patient from exposure
to cold and hypothermia, and from hypo-
ghcemia, Hypoglycemia is prevented by
avoiding prolonged periods of Fasting. T a
patent cannot be ded hy mounth, intrave-
nous infusions should. .provide 20 1o 30
keal per kg per dav body weight as glucose,

During this mital phase .ol therapy a
cdhiet hased on high-qualify protein, such as
milk-casein mixtmes - (to redoce Lictose
loads), casein alone, egg or hish protein, s
recommended. During this phase a can-
tious handling of the nurinon aspect s
essential, ‘This demands patience, and per-
sonnel must be conscious of the face thin
the most common causet of death are the
complications and not malnutrition per se.
Drastic therapeutic nutrinonal measures,
such as high protein or calorie load from
the st may precipiate death by posing
an “titrogenic” overload on enzvimatic and
various physiologic functions which had
reached maximal adapration in several
weeks or even months:in the process of
progressive malnutrition. This cautious di-
ctary approach should provide initally, i
hildven, around 1" g protem and 80O 1o
100 keal per kgrper davs 20 per cent of the
calorvies should be dermed from Fats Aler
2 1o b davs, the protein and energy con-
tents of the diet shouald increase gradually,
as shown in Table 24-6G unnl-they provide
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Table 24-6.

Malnutrition

Example of a Dictary Therapeutic Regimen for Children Based on Dry

Skim Milk, Sugar and Vegetable Oil*

Days from

Begmnning of Protein Energy Mtk Sugen (hl Water
Treatment (gm) (heal) (gm) (gm) (ml) (ml)
1 0.R-1% KO- 1K) 3 17 P4 100
3 1.5=-2.5. 110-120 0 ) s 130
7 2.5-3.5 140=15H0 9 20) 4 150)
7 3.5-4.5 [50-160 12 20) 4 160
12 (marasmust) 175% (153
17 193 R
929 215 R
3.5-4.5 12 20 ' ¢ 160

* All amounts per kg body weight per day. The liguid formula must be supplemented with adequate levels

of vitamins, minerals and clectrolyies.

t Marasmic patients may require more than 150 10 160 keal per kg per day, Vegetable oil 2 1o 3 ml per kg per
day at 5-day intervals should be added until the rate of weight gain becomes adequate.

3 10 4 gm protein and 120 to 160 keal per
kg per day. Twenty to 40 per cent of the
cnergy then should come from Eite prefer-
ably of vegetable origin with a high contemt
of polyunsaturated fauy acids (c.g. cornor
cottonsced  oils). Marasmic patients may
need a higher energy intake to recover.-In
these cases, 20 1o 25 keal per kg per dav
should be added to the diet as vegetable oil
at b-day intervals, unul weight gain he-
comes adequate. In a few instances s
may require 200 or more keal per kg per
cday and, cven though a mild steatorrhea
may develop, this regimen should be maiy-
tained. The example shown in “Table 21-6
is based on a liquid diet. Children who cin
cat solids should receive a varied diet,
atming at the same levels of protein and
cnergy intakes.

In the adult, the therapeutic scheme.is
the same but the diet should initially pro-
vide around 0.6 gm protein and 50 keal
per kg per day and eventually reach 3 107
gm protein and 80 to 100 keal.

Vitamins, including folate, should be
administered from the beginning, 1o meet
recommended allowances. On admission,
the routine administration of a single high
dose (20,000 pg) of water-dispersible viti-
min A is recommended 1o avoid acute eye
lesions resulting from vitunin A deficienen,

when high calorie and protein dicts are
initiated and there is greater physiologic
demand for the vitamin, This is followed
by a daily oral dose of 1500 ug.

The diet should also provide from 4 1o 5
mEq per kg body weight per day of K, 3 10

Db per kg per dayv of Nacand adequate

amounts of magnesium, calcium  and
phosphorus. Tron, in amounts from 16 to
32 mgras FeSO L is routinely administered
by mouth as soon as inaeased protein-
calonie intakes e begun, in order 1o sup-
plv the excess requitements for this min-
cral produced by the rapid increase in total
arculating hemoglobin.

With this regimen, the severely al-
nourished subjects begin a smooth re-
coveryv: They start to lose edema and 1o
gain bhady mass: their general state shows
the first signs ol improvement and
anorexiais replaced by anincreased appe-
tite; then the patient mav begin to cat a
more varied diet. Serum and urine values
also start a trend toward normal and the
hematologic status imitiates recovery, All of
these changes are accompaniced by arise in
nitrogen and energy retention, Except for
soditnm mineral retention also increases.
Rapid changes in o weight should be
avarded, parnculinvacrapid loss of edema.

l\ll.l“_\ withim 2 10 3 woeks ol l|ll'|:l|))’
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serum composition returns to normal lim-
its, and consolidation of cure begins.

T'he second phase of therapy is accom-
plished only by dictary means. The pa-
tients should by then be receiving a com-
plete mixed diet, providing the protein
and calorie levels reached in the later
phase of the initiation of therapy. A sys-
tematic program of psychosocial stimula-
tion and progressive physical activity
should be undertaken. "5 In children
this can be accomplished through games
that require frequent walking, preferably
uphill, running, jumping and climbing. In
adults 1t can be accomplished  through
exercise that imposes a gradual increment
in cardiorespiratory work load. Complete
calorie and protein repletion generally is
accomplished in a 6- to 12-week period,
depending on the deficits at the start of
treatment. Calorie repletion is judged by
weight. for height, and is considered
achieved when this index is 0.90 or more,
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based on the 50th percentile of normal
well-nourished populations. Teis a mistake
to use weight for age as an indicator of
nutritional recovery. A child who s
stunted in height would have to become
obese in order to reach a normal weight
for age. Generally, in nonedematous PCM,
normalization of weight lor height s
reached Fater than normalization of the
creatinine/height index an indicator of
protein repletion™ In edematous PCM the
opposite occurs. These changes are illus-
trated in Figures 24-9 and- 24-1(. Some
children, stabilize < at a
creatinine/height index lower than 0.9,
though Tully recovered from PCNM accord-
ing to other indicators.

however,

PREVENTION

Prevention can be approached by (1)
measures to decrease the risk of imdividu-
als reaching severe PCM and (2) improve-
ment of the general nuiritional status of
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Fig. 24-9. Clinical record of a 16-month-old child during recovery from nonedematous PCM. His lean
body mass (CHI) reached normal levels before his weight for height was normal.
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Fig. 24-10. Clinical record of a 20-month-old child during recovery from edematous PCM. His lean
body mass (CHI) reached normal levels after his weight for height was normal.

the population, so that even chronic mild-
to-moderate PCM cases become rare.

‘The first 1s amenable 1o some direct
actions: (1) fostering of maternal lactation
and adequate supplementation practices
during infancy, (2) food supplementation
programs of vulnerable groups, such as
pregnant and lactating women, children
up to school age and above, il possible, and
physically hard-working men, (3) im-
provement of sanitary conditions and (1)
spectfic nutrition education. For this tast
objective, nutrition education and recup-
cration centers have been mstituted in sev-
cral countries.® Their main objective is to
cducate the parents of chronic mild-to-
moderate PCM children by having them
participate actively in the nutrition re-
habilitaton of their own children. ‘These
centers must (1) be located in the commu-
nity and be adapted to the local environ-
ment, (2) be supported by cach commu-
nity, (3) see that children are rehabilitated

by the proper feeding of locallv available
foods and (4) see that mothers are rotated
in the care of the children, so as 1o have
direct experience of the henelits that
adequate nuttition brings to their children,
Fxperience is accumulating on the effects
of these specific preventive measures, indi-
cating  that they appear 1o fulfill their
poals M7

Improvement of the general nutritional
status of the population, so that malnutri-
ton is eradicated, requires a complex ap-
proach.'™ “This is inseparable from the
acceleration of sociocconomic <evelop-
ment; the actions to bring it about are
beyond the scope of this chaprer.
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