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ABSTRACT
Background: We previously used the 24-h indicator amino acid
balance method to show that the lysine requirement in undernour-
ished Indian men from low socioeconomic and unsanitary envi-
ronments is �50% higher than the mean requirement of 30 mg
lysine · kg�1 · d�1 in well-nourished men.
Objective: It is possible that this higher lysine requirement in
persons with chronic undernutrition is due to environmental influ-
ences, including the presence of intestinal parasites. We assessed
this possibility by using 24-h indicator amino acid balance (with
leucine) at both the “normal” requirement for lysine intake and the
higher requirement, before and after successful treatment to erad-
icate intestinal parasites in affected, undernourished men.
Design: Fourteen chronically undernourished men were studied
before and after treatment for intestinal parasites, during each of
two 7-d (6-d dietary adaptation plus 1-d tracer experiment) diet
periods supplying either 30 (n � 7) or 45 (n � 7) mg lysine ·
kg�1 · d�1 from an L-amino acid diet. Twenty-four–hour indicator
amino acid balance was estimated on day 6 by [13C]leucine tracer
infusion.
Results: Before the parasite treatment, subjects were in neutral
24-h leucine balance at both lysine intakes. After the eradication of
intestinal parasites, there was a significant (P � 0.001) improve-
ment in 24-h leucine balances, which were positive at both lysine
intakes.
Conclusions: On the basis of the 24-h indicator amino acid balance
approach, it appears that intestinal infestation with parasites increases
the requirement for lysine and that this may be one factor responsible
for the higher lysine requirement observed in persons with chronic
undernutrition. Am J Clin Nutr 2003;78:1145–51.
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INTRODUCTION

We earlier measured the lysine requirement in chronically
undernourished adult South Asian men (1) with the use of the
24-h indicator amino acid oxidation and balance methods (2).
Although the subjects were chronically undernourished, came
from poor socioeconomic backgrounds, and had low habitual
protein and lysine intakes, we found their lysine requirements
to be �50% higher, when expressed per kilogram of body
weight, than the requirements in otherwise similar, but healthy,
well-nourished South Asian (Indian) men (3, 4). This was in

contrast to the possibility that the daily lysine requirement
would decrease in adaptation or accommodation to habitually
low lysine intakes.

We proposed that the higher lysine requirement in the un-
dernourished subjects was linked to their body composition,
because they had less muscle mass (and, therefore, a relatively
greater visceral mass) than did healthy, well-nourished subjects
(1). If the daily lysine requirement were partitioned into a
muscle and visceral compartment requirement, and if the vis-
ceral or splanchnic need for lysine (and possibly other amino
acids) were higher than the need of muscle, then the muscle-
to-visceral organ ratio of the fat-free mass would be an impor-
tant factor in the determination of amino acid requirements. By
extrapolation from this hypothesis, it is also possible that the
visceral or splanchnic demand for amino acids is independently
increased because of other environmental factors, such as in-
juries (5) or immunostimulation (6).

The prevalence of intestinal infestation in rural and urban
communities in India is reported to be high. A study of rural
South Indian subjects found that 97.4% excreted parasite eggs,
and 74.3% had multiple parasitic infestations (7). It is even
more likely that subjects from urban slums would have intes-
tinal parasites, because sanitation is very poor or nonexistent in
such environments. In other studies in South India, the preva-
lence of nemathelminth, hookworm, and pinworm infestations
was also high, ranging from 30% to 60% for different parasites
and areas (8–10). Similar results have also been reported in
South Asian refugees arriving in Stockholm, where one-half of
the subjects had parasitic infestations (11). The effect of
chronic intestinal parasitic infestations on nutrient require-
ments in chronic undernutrition, specifically with regard to the
requirement of essential amino acids, is not known, and it is
possible that this environmental influence could, through direct
(diversion of nutrients) or indirect (hyperplastic intestinal epi-
thelial response) means, increase these requirements. There-
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fore, this study was designed to assess the effect of antiparasite
treatment on the leucine balance at lysine intakes that approx-
imated the requirement for normal well-nourished and healthy
adults (3, 4, 12, 13) and at the higher requirement that we have
ascertained for chronically undernourished adults (1).

SUBJECTS AND METHODS

Subjects and anthropometry

Fourteen undernourished but otherwise healthy adult male
subjects participated in this experiment. The subjects were
selected after screening to confirm the presence of intestinal
parasites. Their chronic undernutrition status was determined
on the basis of a body mass index (in kg/m2) � 18.5 and low
socioeconomic status (14, 15). Fecal samples from the re-
cruited subjects were tested (see below) to detect the presence
of intestinal parasites such as protozoa, nematodes, and hel-
minths. The subjects were weighed to the nearest 0.1 kg, and
their height was measured to the nearest 1.0 cm. The logarithm
of the sum of 4 (biceps, triceps, subscapular, and suprailiac)
skinfold thicknesses was used in age- and sex-specific equa-
tions (16) to obtain an estimate of body density, from which
percentage body fat and fat-free mass were estimated (17;
Table 1). The purpose of the study and the potential risks
involved were explained to each subject, and the Human Eth-
ical Review Board of St John’s Medical College approved the
research protocol.

Fecal sample analysis for parasites

Fecal samples were screened for intestinal helminthic ova
and cysts of intestinal protozoa within 1 h of collection (18)
with the use of the semiquantitative Kato-Katz thick-smear
technique (19, 20). Briefly, a portion of the fecal sample was
sieved to remove fiber and coarse debris, and care was taken
not to disperse fecal aerosols. A 50-mg portion of the sieved
fecal sample was emulsified and placed on a clean glass slide,
after which helminthic ova and protozoan cysts were enumer-
ated in the entire smear. A similar smear, prepared as above,
was stained with freshly prepared Lugol’s iodine and examined
for ova and cysts. This procedure was performed on all the
fecal samples collected for screening and on those collected
after the treatment for intestinal parasites. Samples that were
found to be negative for ova and cysts after antiparasite treat-
ment were concentrated by the formol ether concentration
technique to rule out presence of a small number of ova or cysts
(19).

Treatment for intestinal parasites

Treatment for parasites consisted of a single 400-mg dose of
albendazole, which has been shown to be effective in eradicat-
ing mixed helminthic infection to �98% in mild to moderate
infestations (21). Giardiasis and amebiasis were treated by the
administration of a single 2-g dose of tinidazole (22). The
efficacy of the treatment had been verified in an earlier pilot
experiment in which subjects with parasites were treated by the
regimen described above, and egg counts were performed on 3
consecutive stool specimens (23) as described above (21), both
before the treatment and 4 d after the treatment. The treatment
was successful in that no parasite eggs were detected 4 d after
the administration of the drugs.

Diet and experimental design

Fourteen chronically undernourished subjects were studied
during two 6-d diet adaptation periods, one before treatment for
intestinal parasites and one after treatment. They consumed a
weight-maintaining diet based on an L-amino acid mixture as
previously described (1; Table 2) and were randomly assigned
to receive a diet supplying either 30 (n � 7) or 45 (n � 7) mg
lysine · kg�1 · d�1. The diet periods were followed by a 24-h
[13C]leucine tracer study.

The subjects were studied under metabolic ward conditions
and supplied daily with amounts of energy designed to main-
tain body weight during the diet period; the subjects were also
encouraged to maintain their customary levels of physical
activity by walking, using an exercise bicycle, or both, accord-
ing to an activity schedule that was drawn up when the subjects

TABLE 1
Characteristics of the study subjects1

Characteristic Value

Age (y) 20.1 � 1.3
Weight (kg) 43.3 � 3.4
Height (m) 1.60 � 0.03
BMI (kg/m2) 16.8 � 1.1
Midupper arm circumference (cm) 22.8 � 1.8
Percentage body fat (%) 10.5 � 1.6
Fat-free mass (kg) 38.8 � 2.9

1 x� � SD; n � 14.

TABLE 2
Composition of the L-amino acid mixtures used to supply 2 daily
amounts of lysine

Amino acid

Lysine intake

30 mg · kg�1 · d�1 45 mg · kg�1 · d�1

mg/g mixture
L-Tryptophan 18.43 19.22
L-Threonine 55.63 58.03
L-Isoleucine 74.22 77.42
L-Leucine1 36.09 35.70
L-Lysine HCl 33.34 49.47
L-Methionine 35.06 36.57
L-Cystine 26.00 27.12
L-Phenylalanine 64.57 67.35
L-Tyrosine 48.12 50.19
L-Valine 83.00 86.57
L-Histidine HCl 36.23 37.79
L-Arginine HCl 89.28 93.13
L-Alanine 101.12 80.65
L-Aspartic acid 14.09 14.70
L-Glutamic acid 34.82 36.36
Glycine 107.14 80.71
L-Proline 47.62 49.67
L-Serine 95.24 99.34
Total2 1000.00 1000.00

1 Leucine (9.44 mg · kg�1 · d�1) was added to each mixture every day,
except on the infusion day, when the same amount of leucine was infused
as tracer.

2 Subjects received � 1.13 g mixture · kg�1 · d�1, which provided
160 mg N · kg�1 · d�1.
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were admitted to the ward. The major energy supply was given
in the form of a sugar-oil formula and as protein-free, wheat-
starch cookies, and all other nutrients were provided in ade-
quate amounts as described previously (2). During this 6-d
dietary adaptation period, diets were supplied to the subjects in
3 meals/d. On the day of the tracer experiment, the diet was
supplied in the form of 10 small hourly meals. The diet periods
were separated by 2–4 wk; during this interval, subjects con-
sumed their free-choice diets.

After the first diet period, the subjects were readmitted to the
metabolic ward for a period of 10 d, and they were immediately
put on an antiparasite treatment regimen as described above.
During this period, the subjects were provided with diets that
were similar to their habitual intake. The success of the anti-
parasite treatment was confirmed by fecal sample collections
on day 3 after the treatment to ensure that the subjects were free
of parasites. If parasites were detected, the dose was repeated,
and fecal samples were checked until it was confirmed that
there were no parasites in the sample. Immediately after this
evaluation, the subjects continued into the second experimental
diet period for a further 6 d, after which the second tracer study
was done. Plasma samples were collected from the subjects
before the tracer infusion in each phase to measure the plasma
concentrations of immunoglobulin E (IgE; Immuno-Biological
Laboratories, Hamburg, Germany) and C-reactive protein
(DSL Laboratories, Webster, TX) by using an enzymatically
amplified “2-step” sandwich-type immunoassay on an auto-
mated immunoassay system (Alpha Prime; SFRI Laboratoire,
Saint Jean d’Illac, France).

24-h tracer-infusion protocol and sample collection

The primed 24-h intravenous [13C]leucine approach was
used, with indirect calorimetry and blood and breath sampling
as previously described (1–4). Briefly, 1-[13C]leucine (99.3
atom%; MassTrace, Woburn, MA) was given as a primed,
constant intravenous infusion at a known rate of �2.8 �mol ·
kg�1 · h�1 (the prime was �4.2 �mol/kg) into an antecubital
vein. The bicarbonate pool was primed with 0.8 �mol sodium
[13C]bicarbonate (99.9 atom%; MassTrace)/kg. The analyses
of breath for 13CO2 enrichment with the use of isotope ratio
mass spectrometry (Europa Scientific Ltd, Crewe, United
Kingdom) and blood samples for 13C enrichments of plasma
�-ketoisocaproic acid and leucine with the use of gas chroma-
tography–mass spectrometry (Varian, Palo Alto, CA) were as
previously described (4, 22).

Leucine kinetics and balance

Leucine oxidation (�mol · kg�1 · 30 min�1) was computed
for consecutive half-hour intervals (4, 12) as the ratio of the
13CO2 production rate (�mol · kg�1 · 30 min�1) to the plasma
[13C]�-ketoisocaproic acid enrichment (mol percent excess) at
that time, and the leucine flux was calculated as the ratio of the
tracer infusion rate (�mol · kg�1 · 30 min�1) to the plasma
[13C]�-ketoisocaproic acid enrichment (mol percent excess) at
that time. Leucine balance (mg · kg�1 · d�1) was computed as
the leucine input (dietary leucine � intravenous tracer) minus
the leucine output (sum of leucine oxidation at half-hourly
intervals).

Statistical methods and data evaluation

Plasma concentrations of IgE and C-reactive protein were
transformed by taking the natural log before analysis. Values
are summarized as geometric means � SDs and are compared,
among all subjects, before and after treatment for parasites by
using paired t tests.

The weight change and metabolic variables are presented as
arithmetic means � SDs, and they were analyzed by using
mixed-models analysis of variance. The model for weight
change over the 6-d experimental diet periods included a factor
for treatment phase (pretreatment or posttreatment). The mod-
els for 12-h leucine oxidation and flux included treatment
phase, metabolic phase (fasted or fed), lysine intake, and in-
teractions among the 3 factors. Model contrasts were used to
make pairwise comparisons of interest, as appropriate, based
on the significance of the interactions and main effects. The
model for 24-h indicator amino acid balance (leucine) included
treatment phase, lysine intake, and the interaction; comparisons
with zero balance were made by using the model. For each
model, two-sided P values of 0.05 indicated significance for
tests of interactions and main effects, and P values of pairwise
comparisons were adjusted by using Tukey’s method. The data
were analyzed by using SAS software (version 8.2; SAS Insti-
tute Inc, Cary, NC).

RESULTS

Subjects

Of 51 subjects screened for intestinal parasites, 23 (45%)
were positive. Fourteen subjects were selected from this group,
of whom 7 had Ascaris lumbricoides, 2 each had Giardia
lamblia and Ankylostoma duodenale, and 5 had Trichuris tri-
chura infestations. One subject had Entamoeba sp, but all
subjects were asymptomatic. Three of the subjects had mixed
infestations. During the 6-d experimental diet periods, subjects
experienced a small but significant (P � 0.03) average weight
loss of 0.18 � 0.26 kg across diet periods; there was no
significant difference in weight loss between diet periods (P �
0.94).

Inflammatory response

Plasma total IgE concentrations were high before parasite
treatment, with a mean value for all subjects of 1.8 � 2.2
kIU/mL (range: 0.2–10.1 kIU/mL), and they did not show any
significant decrease 10 d after the antiparasite treatment, with
a mean of 1.7 � 2.1 kIU/mL (range: 0.2–9.6 kIU/mL). Plasma
C-reactive protein concentrations were not elevated and did not
change significantly, with geometric means for all subjects of
0.29 � 0.38 mg/L (range: 0.05–4.20 mg/L) and 0.35 � 0.39
mg/L (range: 0.07–2.99 mg/L), before and after treatment,
respectively. The differences between medians was 0.014, and
the interquartile range (25th, 75th percentiles) was �0.22,
0.15.

Leucine oxidation, balance, and flux

For leucine oxidation, there were no significant interactions
between treatment phase, metabolic phase, and lysine intake,
but there were significant main effects (Table 3). Without
regard to metabolic phase and lysine intake, leucine oxidation
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was significantly (P � 0.0002) higher before treatment than
after treatment. Across treatment phases and lysine intakes,
leucine oxidation was significantly (P � 0.0001) lower during
fasting than during feeding. Across metabolic phases and treat-
ment phases, there was no effect of lysine intake on leucine
oxidation (P � 0.22).

With respect to leucine balance (Table 3), the results were
essentially the same whether expressed as an absolute balance
or as a percentage of leucine intake. There was no significant
interaction between treatment phase and lysine intake, which
indicated that the changes in daily leucine balance from before
treatment to after treatment were similar for both lysine in-
takes. Daily leucine balance increased significantly after treat-
ment (P � 0.001), regardless of lysine intake; the balance was
not significantly different from the zero balance before treat-
ment (P � 0.29), but it was significantly higher than the zero
balance after treatment (P � 0.01). The leucine balances
tended to be more negative or less positive at lysine intakes of
30 mg · kg�1 · d�1 than at those of 45 mg · kg�1 · d�1, but these
differences were not significant (P � 0.26). There were no
effects of lysine intake, metabolic phase, or treatment phase on
leucine flux.

DISCUSSION

The findings in the present study support our hypothesis that
the higher requirement for lysine observed in adults with
chronic undernutrition (1) is related to their living environ-
ment. The present subjects were similar to the subjects in our
earlier study in terms of their anthropometry, socioeconomic
condition, and antecedent dietary intake. We had proposed both
that the higher lysine need, expressed per kilogram of body
weight, of undernourished subjects was due to a relatively
higher splanchnic requirement that resulted from a relatively
lower muscle mass and the fact that chronic immunostimula-
tion could increase the splanchnic fate of lysine and possibly
the requirement independently, by increasing the synthesis and

turnover of acute phase proteins (1). This increase in require-
ment results from the fact that the immune response involves a
cytokine-stimulated (24–26) increase in the synthesis of so-
called positive acute phase proteins by the liver, which has to
be supported either by amino acids derived from the diet or by
the breakdown of body protein. An enhanced acute phase
response has been observed in a study on otherwise clinically
normal Indian slum dwellers, whose plasma concentrations of
interleukin 6 and tumor necrosis factor � were higher than
those of urban middle-class subjects (27). The increased re-
quirement for amino acids also has important negative conse-
quences during linear growth and weight gain, which are found
to be less in children in underprivileged communities (28–31).
The cause of this lower growth rate is likely to be multifacto-
rial, reflecting the interactions of a poor diet and a poor
environment, particularly the consequences of bacterial infec-
tions and parasitic infestations (32). During chronic immuno-
stimulation, there is a partitioning of nutrients toward the
support of the immune defenses as well as an effective reduc-
tion in the availability of nutrients for growth and other main-
tenance requirements (33).

The prevalence of parasitic infestation in our subjects was
�45%, which is higher than the value of 12.5% that was
reported for urban adults from north India (34) but similar to
other such values reported earlier (35, 36). The subjects in the
present study were all asymptomatic, and a similarly high
asymptomatic positivity was also reported earlier (34). Most of
the subjects had a high plasma IgE concentration, which did
not decline significantly after treatment within the study pe-
riod. Helminthic infections stimulate the interleukin 4–depen-
dent polyclonal synthesis of IgE (37). It is thought that mal-
nutrition (37) and poverty (38) potentiate the polyclonal
stimulation of IgE synthesis, and, because the polyclonal stim-
ulus diminishes the specific IgE antibody response, it has been
implicated in immune evasion (39) by these parasites. We
found a similar picture in our subjects, in whom the plasma IgE

TABLE 3
Summary of leucine oxidation, balance, and flux at 2 lysine intakes in chronically undernourished Indian men before and after treatment for intestinal
parasites1

Leucine index

Lysine intake

30 mg · kg�1 · d�1 45 mg · kg�1 · d�1

Before treatment After treatment Before treatment After treatment

Oxidation (mg leucine · kg�1 · d�1)2

12-h Fasted 23.6 � 3.7 21.2 � 2.6 21.3 � 1.4 20.1 � 1.9
12-h Fed 28.5 � 4.0 26.4 � 2.7 28.8 � 4.3 25.2 � 2.3
Total (24 h) 52.1 � 6.1 47.7 � 4.6 50.1 � 4.6 45.4 � 2.6

Total intake (diet � tracer) (mg leucine · kg�1 · d�1) 49.6 � 0.4 49.6 � 0.6 49.6 � 0.5 49.6 � 0.5
24-h Balance3

Intake � oxidation (mg leucine · kg�1 · d�1) �2.5 � 6.0 1.9 � 4.4 �0.5 � 4.5 4.2 � 2.7
Percentage of intake (%) �5.1 � 12.1 3.9 � 8.9 �1.0 � 9.0 8.5 � 5.5

Flux (�mol · kg�1 · 30 min�1)
12-h Fasted 56.3 � 5.9 55.5 � 4.5 55.0 � 6.6 55.2 � 4.2
12-h Fed 56.6 � 4.2 53.8 � 3.9 55.8 � 6.9 53.6 � 5.3

1 x� � SD; n � 7 per intake.
2 Significant effects of treatment period (before treatment compared with after treatment) and metabolic phase (fasted compared with fed), each P �

0.001; no interactions with or main effect of lysine intake (mixed-models ANOVA).
3 Significant effect of treatment period, P � 0.001; no interaction with or main effect of lysine intake; significantly different from zero leucine balance

after treatment (P � 0.01) but not before treatment (mixed-models ANOVA).
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concentration was some 10-fold higher than normal, which is
suggestive of parasitic infestation rather than of atopy (40).
Although we did not look for eosinophilia, which would have
been indicative of allergic disease in our subjects, it is clear that
some of the body’s protein transactions were shifted toward
this immune response.

After treatment for intestinal parasites, the leucine balance of
the subjects rose from an approximate equilibrium (Table 3) to
a distinctly positive balance at both intakes of lysine. This
suggests that the physiologic requirement for lysine, in nonin-
fected undernourished persons, is in the range of 30 mg · kg�1 ·
d�1 or possibly less, and that noninfected undernourished subjects
will accrete tissue at this and the higher lysine intake. The present
leucine balance data for the untreated groups are comparable to
those reported earlier, in which there was considerable variation
around the mean balance values at lysine intakes � 30 mg · kg�1 ·
d�1 (1). In that study, linear regression analysis best summarized
the leucine balance-lysine intake relation, estimating the mean
intake of lysine for leucine equilibrium to be 44.4 mg · kg�1 · d�1.

Studies in neonatal pigs (41) showed that intestinal lysine
oxidation is significant and that it accounts for the utilization of
a disproportionately large amount of dietary supply when pro-
tein intake is restricted. Thus, the lower efficiency of lysine
utilization or a higher lysine requirement may be a conse-
quence of the anatomic changes in the intestinal wall that
accompany chronic intestinal parasitic infestations (42). Spe-
cifically, morphologic changes such as a reversible (43) villous
flattening and lowering of the villus to crypt ratio are associ-
ated with Giardia infection (44), whereas tapeworm infesta-
tions are associated with villous damage at the point of attach-
ment of the worm to the intestinal wall (45). Impaired nutrient
absorption and increased losses from the gastrointestinal tract
are considered to be causal factors in the nutritional disturbance
created by these intestinal infections (46). If the intestinal
absorption of amino acids improved after treatment, resulting
in lower fecal losses, the improved leucine balances observed
after treatment might have improved even further, but this
would not alter the findings of this experiment.

As pointed out in the 1985 FAO/WHO/UNU report on
energy and protein requirements (47), the prevalence in devel-
oping countries of malnutrition and common infections, par-
ticularly those of the gastrointestinal and respiratory tracts, is
such that those conditions can be regarded as an ordinary part
of life; this fact cannot be ignored in the assessment of require-
ments. However, although there is a considerable body of data
on the qualitative effect of intestinal parasites and infections on
protein and amino acid metabolism (48), there are essentially
no quantitative estimations of the effect of parasitism on the
physiologic requirement. We believe that the present study
offers the opportunity to provide such a quantitative value.
Thus, mean leucine balance was improved by �4.6 mg · kg�1 ·
d�1 after treatment for parasites at both levels of lysine intake.
Assuming that the body ratio (by wt) of lysine:leucine in mixed
protein is �1.0 (49), then lysine retention was also increased
by 4.6 mg · kg�1 · d�1 as a result of the treatment. Furthermore,
if the lysine intake is retained with an efficiency of �34%,
based on our studies at submaintenance intakes of lysine in
undernourished Indian men (1), that implies that the parasitic
infection reduced the utilization of dietary lysine for protein
synthesis by �14 mg · kg�1 · d�1. This amount approximates
50% of the lysine requirement in healthy adults, presuming that

the leucine intake provided to these subjects was adequate, at
�1.25 times the leucine requirement in undernourished sub-
jects (50). In addition, that amount is quantitatively equivalent
to the difference that we have identified (1, 3, 4) in the
estimated mean requirements for lysine between healthy sub-
jects and undernourished subjects who were infected with
intestinal parasites but who apparently were otherwise clini-
cally well. Therefore, our various studies provide a coherent
picture, and it is suggested from these different experiments
that parasitic infection increases the requirement for lysine by
50% above that for normal healthy subjects.

It might be of interest to point out that, in contrast to the
higher lysine requirement established for untreated undernour-
ished subjects (1) than for well-nourished subjects (3, 4), we
recently ascertained that the leucine requirement for untreated,
undernourished subjects (50) is essentially identical to that for
well-nourished subjects (51). These contrasting findings were
not due to the study of different subject populations in the
different experiments. The undernourished subjects in the
present study and those in the previous studies on lysine and
leucine requirement were very similar in terms of socioeco-
nomic background because they were recruited from the same
slums in Bangalore, and 4 of the 14 subjects in the present
study had participated in the earlier studies (1, 50). In addition,
the subjects in all these studies were similar in terms of an-
thropometry, age, and body composition. There were no sig-
nificant differences in age, anthropometry, and body composi-
tion between the subjects in the lysine (1) and leucine (50)
requirement studies. Furthermore, the difference between the
mean body mass index values of the subjects in the present
study and those of the pooled subjects of the previous studies
(1, 50) was just 1%, and the difference in percentage body fat
and fat-free mass (kg) was 0.3% and 2%, respectively. None of
these differences was significant, which suggested that the
pools of subjects in whom these different studies were con-
ducted were homogeneous in terms of environment, socioeco-
nomic condition, nutritional status, and clinical well-being.
However, we did not characterize the subjects in the earlier
studies (1, 50) in terms of intestinal parasites.

It is difficult to offer a further interpretation of the difference
between our findings for lysine and leucine, but it might be due
to an interaction of factors. With respect to leucine, for exam-
ple, there may be increased oxidative losses in the intestinal
tissues that are balanced by lower rates of leucine oxidation in
peripheral tissues that are related to a diminished muscle mass,
which is an important determinant of leucine catabolism (52).
This is speculative but emphasizes the need for further studies
on comparative aspects of amino acid metabolism and require-
ments in different pathophysiological states.

Our previous studies (1–4, 12, 13, 53) on the adult require-
ments for amino acids suggested that the requirement for some
of the indispensable amino acids is 2–3 times higher than that
suggested in the 1985 WHO/FAO/UNU report (46). This re-
search has provided a major basis for the newly recommended
patterns of amino acid requirements by an Expert Working Con-
sultation on Protein and Amino Acid Requirements, meeting in
Rome in July 2001 and in Geneva in April 2002, under the
auspices of FAO/WHO/UNU (Internet: http://www.fao.org/es/
esn/require/upcoming.htm; accessed December 2001). However,
the application of these amino acid requirements to populations
on a global basis has been questioned, because it is thought that
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there may be adaptive reductions in the requirement for amino
acids with habitual diets that are low in protein, amino acids, or
both. On the other hand, there may be increased requirements
that are due to other factors, such as chronic but subclinical
immunostimulation. In summary, the present 24-h indicator
amino acid balance investigation, which used a [13C]leucine
tracer, in chronically undernourished Indian subjects suggests
that the higher-than-normal requirement for lysine that we
reported previously (1) is due largely to the intestinal parasite
load of these subjects.
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