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PRIOR to 1948 limited information was avail-
able to suggest a direct relationship
between cholinesterase serum levels and nutri-
tional status.!—® More recently, McCance
et al.,* and Hutchinson and co-workers® report-
ing on the Wuppertal Studies, have demon-
strated a significant decrease in serum cholin-
esterase activity with severe undernutrition.
With re-feeding, the values increased toward,
and even above, normal. Studies of children
with kwashiorkor® % indicate that serum cholin-
esterase activity islow and rises with treatment
parallel to the clinical improvement. There
are, however, no reports as to whether cholin-
esterase activity decreases before clinical signs
of kwashiorkor develop.

Investigation of nutritional deficiency dis-
eases in Central America® has indicated that
the incidence of kwashiorkor, a severe form of
protein malnutrition, is greatest between the
ages of one and four years and that moderate
protein deficiency (prekwashiorkor) is wide-
spread in this age group.’®! If serum cholin-
esterase activity were a sensitive measure of
protein malnutrition, low values should be
found often among poorly nourished children
of this age. In order to investigate this possi-
bility, serum cholinesterase activity was meas-
ured in groups of children differing markedly
in nutritional and socio-economic background.
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Children of both preschool (one to six years)
and school age (seven to twelve years) were
included 1n the study.

ECONOMIC AND SOCIAL STATUS OF
THE GROUPS IN SURVEY

School Children

Four groups of school children aged seven
to twelve years were examined. Those from
the Guatemalan schools served simultaneously
as subjects for a study of serum cholesterol
levels.’> The Nicaraguan children were part
of a clinical nutrition survey of families in a
poor suburb of Managua.!?

Group I, Guatemala Upper Income Urban:
The school children in this group came from
relatively well-to-do families.* Their fathers
were business and professional men in Guate-
mala City. Only children having at least one
Guatemalan parent were included.

Group II, Guatemala Lower Income Urban:
These children came from families who lived
in a relatively poor district of Guatemala City.
Their fathers worked as mailmen, policemen,
truck and bus drivers, or as unskilled or semi-
skilled laborers.

Group III, Nicaragua Lower Income Urban:
The children included in this group had very
similar socio-economic backgrounds to those
included in Group II, but their families lived
in a relatively poor district of Managua,
Nicaragua.

Group IV, Guatemala Lower Income Rural:
The families of the children included in this

* The cooperation of Mr. Robert B. MacVean,
Director of the ‘“Colegio Americano de Guatemala”
made possible the collection of these samples,
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group lived in and around the rural village of
San Miguel Duefias, located about 35 miles
from Guatemala City. The fathers of most of
these children were agricultural laborers on
nearby farms and coffee plantations or culti-
vated their own small plots of land.

Preschool Children

Central American children of both sexes
from one to six years of age were chosen as
follows:

Group V, Guatemala Upper Income Urban:
The preschool children in this group came from
families with the same favorable socio-economic
status as those of the school children of Group
I. All were attending a private nursery school
in Guatemala City.*

Group VI, El Salvador Lower Income Urban:
The parents of the children included in this
group earned very low salaries working as
unskilled or semiskilled laborers. They lived
in a very poor district of San Salvador, El
Salvador.

Group VII, Nicaragua Lower Income Urban:
In this group were included the children from
the families of Group III who were not yet
attending school.

Groups VIII and I X, Guatemala Lower Income
Urban: The parents of the preschool children
of these groups lived on two coffee plantations
in Guatemala and worked as agricultural
laborers. They had a very low rural standard
of living.

Group X, Kwashiorkor: The children in this
group were suffering from severe protein mal-

* The cooperation of Mrs. Evelyn Rogers, Director
of the School is gratefully acknowledged.
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nutrition (kwashiorkor). and were sampled on
the day of admission to the hospital.

Dietary Status

No precise individual dietary information
was available for most of the children studied,
but the diets of their parents, or of adults
of comparable socio-economic groups, have
been determined by daily dietary interviews
for periods of seven days. The total intake of
calories, protein and fat, as well as the propor-
tions of animal and vegetable protein and fat
are summarized in Table I.

These data indicate basic differences in the
dietary patterns characteristic of the socio-
economic levels, as exemplified by the daily
intake of calories, total protein and fat, and
particularly by the amounts of the two latter
nutrients of vegetable or animal origin. They
also illustrate the close correspondence between
the proportion of the total dietary proteins
which are of animal origin and the economic
and social status.

METHODS

Approximately eight children of each sex
were selected at random for each year of age
from seven through twelve, in each of the four
school-age groups. Preschool children were
also studied in each year of age from one
through six. About 0.1 ml of blood was ob-
tained by a fingertip puncture and the serum
promptly separated and frozen. The samples
were analyzed within two weeks after collec-
tion.

The total cholinesterase activity was deter-
mined by a micro-adaptation of the method
of Reinhold et al.!® using 0.02 ml aliquots

TABLE I
Characteristic Dietary Estimates of Adults of Different Socio-Economic Status

Protein Fat

g/day g/day

Vege- Vege-

Socio-economic status Calories Animal table Total Animal table Total

Guatemala upper income urban!4 2,462 39 30 69 46 56 102
Guatemala lower income urban!® 1,585 10 37 47 13 14 27
Nicaragua lower income urbani$ 1,928 26 36 62 —_ — 53
El Salvador lower income urban'? 1,784 25 35 60 — — 48
Guatemala lower income rurall® 2,283 6 61 67 9 14 23
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of serum. The results are expressed in Michel
Units.*® Determinations were run in dupli-
cate, using 0.01 per cent phenol red as the indi-
cator of pH change.

Replicate aliquots of a quantity of pooled
sera. from normal adults were analyzed with
each group of samples studied. The average
value of 15 independent determinations in the
pooled specimen was 1.11 £ 0.08 Michel Units.
This value, as well as the averages for the
groups studied, is higher than previously re-
ported values for normal adults obtained by

WEIGHT IN KILOS

SKIN FOLD (mm)

AGE IN YEARS

Fig. 1. Physical measurements of the experimental
groups of school children. G.U.I.U.,, Guatemala
Upper Income Urban (Group I); N.L.I.U.,, Nica-
ragua Lower Income Urban (Group III); G.L.I.U,,
Guatemala Lower Income Urban (Group II); G.L.
I.R., Guatemala Lower Income Rural (Group IV).
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the original Reinhold ef al.'® method. The
discrepancy may be explained by the fact that
in the modified technic employed in the present
study, the tubes were allowed to incubate only
until the indicator showed that they had
reached a pH of about 7, instead of incubating
them for a fixed period of one hour. The modi-
fication introduced results in an improvement
of the method, since it gives a better measure
of the initial velocity of the reaction, which is
in turn proportional to the enzyme concen-
tration. With samples of normal activity the
pH decreases in one hour to a point where the
optical density change is very small per unit
of pH change, and under these conditions the
method becomes insensitive. In addition, it
is known that the activity drops with decreas-
ing pH.

Height, weight, and skin-fold thickness of
the children were determined at the time of
taking the blood samples. The measurements
of the thickness of the skin-fold of the posterior
surface of the upper arm were made as recom-
mended by Brozek ef al.?!

RESULTS

The height, weight, and skin-fold thickness
for the four groups of school-age children are
portrayed graphically in Figure 1 and illustrate
the differences in these measurements among
the different socio-economic groups. It should
be noticed that in general the ‘‘upper income
urban’’ children are taller and heavier and have
more subcutaneous fat than the other urban
and rural groups; the latter show the lowest
figures for the nutritional status indices em-
ployed.

The serum cholinesterase activity values are
summarized in Table II. The standard devia-
tions and the standard errors were similar in
the different groups. Even though some
differences occur among them in the average
cholinesterase activity levels, no tendency of
the enzyme levels to be related to the socio-
economic standard or to the nutritional status
of the children is suggested by the data. The
marked decrease in serum cholinesterase activ-
ity characteristic of the severe protein malnu-
trition of kwashiorkor is illustrated in Table
II by the low average value for 18 cases.
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TABLE II
Serum Cholinesterase Values in Children of Different Socio-Economic Status

Serum cholinesterase
(Michel Units ApH/hr
No. of Number of
group Group description children Mean =+ S.E. S.D.
School children:
I Guatemala upper income urban 88 1.12 £+ 0.02 0.19
II Guatemala lower income urban 88 1.02 2= 0.02 0.17
III Nicaragua lower income urban 35 1.03 £0.04 0.23
IV Guatemala lower income rural 89 1.18 =0.02 0.23
Preschool children:
Vv Guatemala upper income urban 19 1.28 = 0.056 0.23
VI El Salvador lower income urban 39 1.20=0.04 0.27
VII Nicaragua lower income urban 42 1.10 2= 0.03 0.19
VIII Guatemala lower income rural 30 1.21 ==0.06 0.32
IX Guatemala lower income rural 48 1.00+=0.02 0.16
X Kwashiorkor 18 0.30 =0.04 0.15
DISCUSSION

In view of the finding that the levels of serum
cholinesterase are markedly reduced in severe
protein malnutrition®—% (see Table II) it was
not unreasonable to expect that low values
might be found among lower income rural
children, since in these groups kwashiorkor
or the clinical stage just preceding the syndrome
(prekwashiorkor) is common.!® The fact that
the values encountered were not low strongly
suggests that the decrease in cholinesterase to
the low levels found in kwashiorkor is a rela-
tively sharp fall rather than a gradual one, and
that it probably occurs only after clinical signs
of protein malnutrition have begun to develop.

The data presented indicate that serum
cholinesterase levels are not a sensitive means
for evaluating nutritional status, since the
large differences observed in this study between
the upper and lower income groups, both in
urban and rural areas, were not reflected in
consistent differences in enzyme levels. On
the other hand, the physical measurements of
height, weight, and skin-fold thickness did show
a close, direct relationship to the adequacy of
the dietary patterns. Therefore, it is reason-
able to consider them a more sensitive measure
of mild to moderate nutritional deficiency than
serum cholinesterase activity. This is the
same conclusion reached by Saunders ef al.??
in studies of United States high school children

where, however, the range of malnutrition was
not nearly so great.

SUMMARY

The levels of serum cholinesterase activity
were studied in four groups of school children
(age seven to twelve) and in five groups of pre-
school children (age one to six) from different
socio-economic and nutritional backgrounds.
The following values for school-age children
were found: Guatemala upper income urban,
1.12 = 0.02; Guatemala lower income urban,
1.02 £ 0.02; Nicaragua lower income urban,
1.03 £ 0.04; and Guatemala lower income rural
1.18 = 0.02. For preschool children the levels
obtained were: Guatemala upper income urban,
1.28 & 0.05; El Salvador lower income urban,
1.20 £+ 0.04; Nicaragua lower income urban,
1.10 £+ 0.03; Guatemala lower income rural,
first group, 1.21 = 0.06, and second group
1.00 = 0.02. The cholinesterase activity
showed no tendency to be related to the socio-
economic background or the nutritional status
of these children. Eighteen children age one
to five with the severe protein deficiency of
kwashiorkor showed a serum -cholinesterase
value of 0.30 = 0.04. It is concluded that
serum cholinesterase is not a sensitive measure
of protein deficiency and drops only when the
deficiency is so severe as to be clinically appar-
ent.
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