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ABSTRACT The impact of zinc supplementation on the growth and body composition of Guatemalan infants
was assessed in a community-based, double-blind intervention trial. Infants aged 6–9 mo were assigned randomly
to receive 4 mL of a beverage containing 10 mg of zinc as zinc sulfate (n Å 45) or a placebo (n Å 44) daily (7 d/
wk) for an average of 6.9 mo. The children’s weight, length, mid-upper arm and head circumferences, and triceps
skinfolds were measured at baseline and at 1–2 mo intervals until the end of supplementation. Midarm muscle
area (MMA) was derived from the mid-upper arm circumference and triceps skinfolds measurements. Maternal
anthropometry and family socioeconomic and demographic characteristics also were obtained. Zinc supplementa-
tion was associated with an overall increase of 0.61 cm2 in MMA (PÅ 0.02). Children who received zinc supplements
had a mean length increment that was 0.75 cm greater than those who did not (P Å 0.12). However, there was a
significant interaction between treatment group and initial length-for-age status (PÅ 0.04), such that supplemented
children who were stunted at baseline (length-for-age Z score less than 02) gained 1.40 cm more than stunted
children who received the placebo. We conclude that zinc supplementation of these rural Guatemalan infants
during 6.9 mo increased accretion of fat-free mass and enhanced the linear growth of those who were stunted
at baseline. Further research is required to determine whether zinc supplementation during longer periods of time
may achieve larger and more generalized effects on physical growth. J. Nutr. 128: 556–562, 1998.
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Growth retardation continues to be highly prevalent among A number of experimental trials testing the effects of zinc
children in low-income countries. About 43% of children õ5 y supplements or zinc-fortified foods on the growth of children
of age in these settings (230 million) are stunted (de Onis et al. has been conducted in the last 20 y. However, results of these
1993) as defined by a height-for-age less than02 SD with respect trials are inconsistent. Positive effects of zinc supplementation
to the WHO/NCHS/CDC reference population (World Health on growth have been documented in infants from low-income
Organization 1979). In Guatemala, the national prevalence of families living in the U.S. (Walravens and Hambidge 1976)
stunting is 58% (Institute of Nutrition of Central America and and France (Walravens et al. 1992); in preschool children
Panama 1992), among the highest in the world (de Onis et al. from Ecuador (Dirren et al. 1994) and from poor families in
1993). Infections (Rivera and Martorell 1988) and inadequate the U.S. (Walravens et al. 1983 and 1989); in school-aged
food intakes (Habicht et al. 1995) are well-established causes of boys with low height for age in Canada (Gibson et al. 1989)
stunting; however, the possible role of individual micronutrient and Chile (Castillo-Durán et al. 1994) and school-aged boys
deficiencies, particularly of zinc, in the etiology of growth retarda- and girls from Iran (Ronaghy et al. 1974); in children recov-
tion has gained attention recently. ering from severe malnutrition in Bangladesh (Khanum et al.

1988) and in Chile (Schlesinger et al. 1992); and in Bangla-
deshi children supplemented during diarrhea (Behrens and1 Preliminary results were presented at the Experimental Biology Meeting in

1995. [Rivera, J., Brown, K. H., Santizo, M. C., Ruel, M. & Lönnerdal, B. (1995) Tomkins 1990). However, other studies of preschool children
Effects of zinc supplementation on the growth of young Guatemalan Children. with suspected zinc deficiency living in The Gambia (Bates etFASEB J. 9: A164 (abs. 956).]

al. 1993) and Mexico (Rosado et al. 1997), of preschool and2 Supported by the University of California, Davis-Institute of Nutrition of Cen-
tral America and Panama Institutional Linkage Project, the U.S. Agency for Inter- school-aged children from the U.S. (Hambidge et al. 1979)
national Development (Cooperative Agreement No. DAN-5063-A-00-1115-00). and of school-aged children in Guatemala (Cavan et al. 1993)Additional funding was obtained from the Thrasher Research Fund (principal

did not find effects on growth. Although little is known aboutinvestigator: Margaret Bentley) and from INCAP.
3 The costs of publication of this article were defrayed in part by the payment the zinc status of children in rural Guatemala, it is clear that

of page charges. This article must therefore be hereby marked ‘‘advertisement’’ the rural diet in Guatemala, based primarily on corn tortillas,in accordance with 18 USC section 1734 solely to indicate this fact.
4 To whom reprint requests should be addressed. impairs zinc absorption (Solomons et al. 1979) and that animal
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557ZINC SUPPLEMENTATION AND GROWTH

plement themselves or observed when mothers gave the beverage.products, the principal sources of zinc, are not commonly con-
Average compliance was 95%, and there were no differences betweensumed (Fitzgerald et al. 1993). Qualitative dietary information
study groups.in the study population indicated that apart from breast milk

Data collection. Baseline data were collected on child anthro-(consumed by all study children), only five foods were con-
pometry and maternal weight and height; child’s intake of breastsumed by a large proportion (ú20%) of infants. These foods milk and complementary foods; and child’s appetite and physicalare tortilla (consumed by 72%), wheat bread (72%), coffee activity patterns.

with sugar (43%), pan dulce—a biscuit-like sweet bread con- After the baseline measurements, child anthropometry was mea-
taining wheat, oil or shortening and sugar—(41%) and rice sured approximately at 1.5 and 3 mo and monthly thereafter until
(28%). None of these foods is a good source of zinc; moreover, the end of supplementation. Measurements included: weight (to the

nearest 5 g) using a beam scale, length (to the nearest mm) usingtortilla, the most frequently consumed food after breast milk,
a locally made wooden measuring board, mid-upper arm and headwhich accounts for 26% of the total energy intake of these
circumferences (to the nearest mm) using a flexible steel tape, andinfants, is high in phytate and calcium, both of which inhibit
triceps skinfolds (to the nearest 0.1 mm) using a Holtain caliperthe absorption of zinc. Therefore, it is likely that zinc may be
(Holtain, Crosswell, Crymmych, Dyfed, Wales). Midarm muscle areaa limiting factor for the growth of rural Guatemalan children.
(MMA)5 was derived from mid-upper arm circumference and tricepsDiagnosis of zinc deficiency is limited by the lack of a skinfolds measurements (Frisancho 1981). Field workers were trained

specific and sensitive laboratory indicator of status (Gibson and standardized to take all measurements using standard techniques
1994). In addition, drawing blood samples from infants to (Habicht 1974, Lohman et al. 1988). Technical errors of measure-
determine plasma zinc concentration is not acceptable to most ment (TEM) at the end of the standardization period were within
families in the study population. Therefore response to zinc values reported for carefully conducted studies such as the Fels

Longitudinal Study (Lohman et al. 1988). For example, the intermea-supplementation remains the most valid approach to testing
surer TEM for the different field workers ranged between 1.2 and 2.7for zinc deficiency.
mm for length and between 2.5 and 3.3 mm for mid-upper armTo test the hypothesis that zinc may be a limiting factor
circumferences. Length and weight data were transformed to Z scoresfor the growth of rural Guatemalan children, a randomized
with the WHO/NCHS/CDC reference data (World Health Organiza-double-blind study of 89 infants 6–9 mo of age was conducted. tion 1979).This age range was selected because it is the period when Morbidity information was collected daily at the time of distribu-

infants are becoming progressively more stunted with respect tion of the supplement. A check list was used to record symptoms
to the international reference population, and it is the time of illnesses observed during the last 24 h. Results of the morbidity
when complementary foods that may interfere with zinc ab- observations are presented elsewhere (Ruel et al. 1997).

Data also were collected on children’s dietary intake (direct obser-sorption are introduced into the children’s diets.
vation and weighing), breast milk consumption (test-weighing), and
appetite and physical activity, using 12-h observations in the homesMATERIALS AND METHODS at baseline and after 3 and 7 mo of follow-up. The activity data have
been reported separately (Bentley et al. 1997)Sample and design. The study was conducted in Santa Maria de

Family socioeconomic and demographic characteristics were col-Jesus, a rural Indian community in central Guatemala. The village is
lected at the end of the study. Information was obtained on householdlocated 55 km from Guatemala City at an altitude of 2050 m above
composition, maternal age and parity, family possessions, quality ofsea level. The population is estimated at 16,000 inhabitants, most of
housing, hygienic facilities and parents’ education.whom are Mayan Indians of the Cackchiquel linguistic group. More

Sample size. We hypothesized that zinc is a limiting factor forthan 80% of the male heads of household are engaged in subsistence
the growth of young rural Guatemalan children; therefore we ex-agriculture, water supply is scarce, the rates of diarrheal diseases are
pected that zinc supplementation would have a positive effect on thehigh (Cruz et al. 1992), and ú60% of women are nonliterate.
growth of study children. We also postulated differential effects byThe research team completed a census of the study village to
gender and initial degree of stunting.identify children from 6 to 9 mo of age. A total of 108 children

Sample size calculations were based on an estimated impact onwhose parents agreed to participate in the study were enrolled. The
length of 1 cm, based on studies by Walravens and Hambidge (1976)study protocol was explained in detail to each family, and oral consent
and Xue-Cun et al. (1985). Using a two-tail test with an alpha levelin the presence of a witness was obtained. The protocol was approved
of 0.05 and a power of 90%, a sample of 42 children per groupby the Committees on the Use of Human Subjects in Research of
was calculated. Allowing for attrition, a total of 108 children werethe Institute of Nutrition of Central America and Panama (INCAP)
recruited. Nineteen children dropped out of the study due to parent’sand the University of California, Davis.
reluctance to participate, maternal work, migration or difficulties inThe study was a randomized, double-blind, placebo-controlled
complying with project requirements. Nine children who withdrewsupplementation trial. Children received a daily dose 7 d/wk of 4 mL
were from the placebo group and 10 from the zinc-supplementedof a beverage that either did or did not contain 10 mg of zinc as zinc
group. Therefore the total number of children who concluded thesulfate. The two beverages were indistinguishable and both contained
study was 89; most children who failed to complete the study droppedsugar, citric acid, and artificial flavors.
out before supplementation began. Baseline characteristics of drop-The supplement was distributed daily for an average of 6.9 mo
outs (anthropometry, feeding practices and maternal characteristics)(range 4–8 mo) to the study participants. Originally we had planned
did not differ from those of children who completed the study (t testto recruit Ç33 children per month during a 3-mo period to achieve
results, data not shown).a target sample ofÇ100 children who were to be supplemented during

6 mo. However, we could not meet the monthly target and actually
employed 5 mo for recruitment. Funding restrictions did not allow Data analysis
achieving 6 mo of supplementation to the groups of children who

Socioeconomic status score. A socioeconomic status score waswere recruited during the final 2 mo. Therefore four children were
derived by principal components analysis as one factor (standardizedsupplemented for 4 mo and six were supplemented during 5 mo. The
variable, mean Å 0; SD Å 1). Only variables with factor loadingsrest of the children were supplemented for 6 (n Å 33), 7 (n Å 28)
ú0.5 were maintained in the model. These included: house and flooror 8 (n Å 18) months. The field workers visited the houses early in
material, number of rooms, sanitary facilities and level of poverty ofthe morning at a time when children had usually not consumed
the family. The latter variable was based on a community-specificfoods other than breast milk. If the child was asleep, the field worker

returned to the house later during the day to ensure that the child
consumed the supplement in her presence. The supplement distribu-
tors were instructed to provide the supplement between meals; how- 5 Abbreviations used: LAZ, length-for-age Z score; MMA, midarm muscle

area; TEM, technical errors of measurement.ever, this was not always possible. Distributors administered the sup-
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558 RIVERA ET AL.

ranking of families from poorer (score Å 1) to wealthier (score Å 4) TABLE 1
by field workers who were residents of the community. Field workers
were trained and standardized by an anthropologist in ranking fami- Comparison of mother’s anthropometric measurements and
lies, based on predetermined, locally appropriate markers of wealth.

schooling, family socioeconomic status and children’s dietaryStatistical analyses. Characteristics of study children, of their
energy intake, days of supplementation and gender in themothers and of their families at baseline were compared between

treatment groups by means of Student’s t test for continuous variables zinc-supplemented and placebo groups1
and chi-square test for categorical variables, to identify potential
confounding variables. Zinc

Ordinary least squares (OLS) regression analysis was used to test Placebo supplemented
Variables (n Å 44) (n Å 45)the treatment main effect on length, weight, mid-upper arm circum-

ference, head circumference, triceps skinfolds and arm muscle area,
Continuous variablesadjusting for anthropometric measurements and indices at baseline,

Mother’s stature, cm 144.7 { 5.0 144.6 { 5.0for other covariates and for potential confounding variables. Regres-
Mother’s weight, kg 50.4 { 6.7 53.2 { 8.1sion analyses were also used to test two-way interactions between
Mother’s schooling, y 0.95 { 1.74 1.80 { 2.30*treatment and gender, treatment and mother’s schooling, treatment
Family socioeconomic status,and socioeconomic score and treatment and the baseline value of the

factor score2 0.07 { 0.95 00.06 { 1.05outcome variable for each model (i.e., initial length, weight or MMA)
Children’s energy intake3,on their effects on the outcome (i.e., final length, weight or MMA).

kJrkg body wt01rd01 360 { 130 326 { 79The models were used to compute least squares means final lengths
Supplementation, d 190 { 31 188 { 31for the categories resulting from combining initial stunting category

Categorical variablesand treatment groups. Percent boys 45 69*The socioeconomic score was not included in the final models Percent mothers without
because it did not reach statistical significance. In the models that schooling 73 51*
had final length as the outcome variable, least squares mean final
lengths were computed according to a categorical variable indicating 1 Values are means { SD. * Põ 0.05. Differences between means (t
whether children were at or above02 length-for-age Z score or below test) and differences between frequency distributions (chi-square test).
that cut off point. Z scores rather than absolute length values were 2 Derived by principal components analysis. Variables in the model
used because the former already are adjusted for age and gender. The included: house and floor material, number of rooms, sanitary facilities,
cut-off point (-2 Z) was selected because it is widely used in public and a community-specific poverty ranking of families by field workers
health as an indication of stunting and because it corresponded to who were residents of the community.
about the mean baseline value in the group studied. 3 Total energy intake, includes food and breast milk.

Probability values õ0.05 were considered statistically significant
for main effects and õ0.10 for interactions.

none of the adjusted differences between treatment groups nor theAnalyses were performed using PC-SAS Statistical Program, ver-
two-way interactions tested were statistically significant for weight,sion 6.04 (SAS Institute, Cary, NC).
mid-upper arm circumference, triceps skinfolds or head circumfer-
ence.

RESULTS The magnitude of the differences between treatment groups by
initial length for age categories are presented in Figure 1. For

Table 1 presents characteristics of the mothers and families of children with length-for-age Z score less than 02 SD of the refer-
study children at baseline and the dietary energy intake, days ence population at baseline, those receiving the supplement had
exposed to supplementation and gender distribution of the children an adjusted final length 1.4 cm greater than children receiving the
by treatment groups. The groups were very similar in most vari- placebo (P õ 0.05). In contrast, for children with length-for-age
ables; however, in the zinc-supplemented group, there was a larger Z score at or more than 02 SD, the difference (0.35 cm in favor
proportion of boys and mothers had more schooling relative to of the placebo group) was not significant.
the placebo group (P õ 0.05). Therefore the regression models Characteristics of mothers, families and children by stunting
used to assess the treatment effect included gender and maternal category are presented in Table 4. As expected, the families of
schooling because they were potentially confounding variables. stunted children had lower socioeconomic status and their mothers
No other variables were statistically significantly different between were shorter (Põ 0.05). All other variables did not differ between
groups. groups.

Age and anthropometric variables and indices of children in Table 5 presents the differences in attained length between
each experimental group at the baseline and final evaluations and treatment groups at the end of various measurement intervals
the increments between baseline and final values are presented in among the subgroup of infants who were stunted at baseline. The
Table 2. The increments in midarm muscle area, which increased attained lengths and their differences are adjusted for length and
from baseline to final evaluations by 1.2 cm2 in the supplemented age at the beginning of the measurement interval and for the
group and 0.6 cm2 in the placebo group, tended to differ (P õ interval duration. Information is presented only for the first six
0.1). None of the other anthropometric variables and indices at intervals. Information about the two last measurement intervals
the baseline and final evaluations nor the increments were different (195–210 and 210–240 d) is not presented due to the small
between treatment groups. number of cases (°13 per treatment group). Because measurement

Table 3 presents results from OLS regression analysis for the intervals differed in duration, straight differences across intervals
effects of supplementation on length and on MMA. The 7.5 cm are not comparable; therefore, the last column in the table presents
adjusted difference in final length between the zinc and the placebo monthly differences, which are comparable across intervals. None
group was not statistically significant. However, the interaction of the differences was significant although that corresponding to
between treatment group and initial length for age was significant the first interval (0–45 d) tended to be significant (P õ 0.10).
(P Å 0.04), indicating that the difference in final length between
treatment groups was different for the two categories of initial DISCUSSION
length for age. The adjusted difference in final MMA between the
zinc and the placebo group was 0.61 cm2, which was significant. Daily administration of 10 mg elemental zinc to 6- to 9-

mo-old infants for an average of almost 7 mo positively affectedResults from the other models tested are not presented because
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559ZINC SUPPLEMENTATION AND GROWTH

TABLE 2

Comparison of age and anthropometric variables and indices of children in the zinc-supplemented and placebo groups at the
baseline and final evaluations1

Placebo (n Å 44) Zinc supplemented (n Å 45)

Variables Baseline Final Difference2 Baseline Final Difference2

Age, mo 7.51 { 0.96 14.39 { 1.75 — 7.73 { 1.17 14.56 { 1.71 —
Length, cm 63.5 { 3.0 69.2 { 3.7 5.7 { 2.0 63.9 { 2.9 70.0 { 3.0 6.1 { 2.0
Weight, kg 7.16 { 1.01 8.12 { 1.05 0.97 { 0.51 7.22 { 0.89 8.25 { 0.95 1.03 { 0.54
Head circumference, cm 42.7 { 1.6 44.7 { 1.5 1.9 { 0.8 43.0 { 1.6 45.0 { 2.2 2.0 { 2.0
Mid-upper arm circumference, cm 14.1 { 1.3 14.1 { 1.1 0.0 { 1.0 14.0 { 1.0 14.2 { 1.1 0.2 { 0.8
Triceps skinfolds, mm 9.3 { 1.6 8.4 { 1.7 00.9 { 1.8 9.2 { 1.8 7.8 { 1.7 01.3 { 2.0
Midarm muscle area, cm2 10.0 { 2.1 10.6 { 1.6 0.6 { 1.9 9.9 { 1.8 11.1 { 1.8 1.2 { 1.7
Length-for-age, Z score3 02.11 { 1.02 03.00 { 1.16 00.89 { 0.74 02.20 { 0.80 02.94 { 0.84 00.74 { 0.68
Weight-for-age, Z score 01.11 { 1.09 02.07 { 0.90 00.96 { 0.56 01.24 { 0.86 02.11 { 0.82 00.87 { 0.55
Weight-for-length, Z score 0.75 { 1.07 00.09 { 0.80 00.84 { 0.88 0.63 { 0.89 00.28 { 0.76 00.91 { 0.78

1 Values are means { SD.
2 Difference between baseline and final values (final-baseline).
3 Z scores calculated using the WHO/NCHS/CDC reference data (WHO 1979).

length increments of infants who were initially stunted. The zinc deficiency (Castillo-Durán et al. 1994, Gibson et al. 1989,
Ninh et al. 1996, Walravens et al. 1983).1.4-cm increase in length gain of these zinc supplemented–

stunted infants is considered biologically important because it We further investigated the nature of the response to zinc
supplementation in the subsample of stunted infants. Weis equivalent to slightly more than one-half of a standard devia-

tion of expected linear growth for children of this age or 15% found that the differences in height increment between groups
were not significant. The response was greater in the first 45of the expected growth in length from 7 to 14 mo. The effect

also is considered large given the duration of supplementation d of supplementation (6.1 mm/mo) than in the rest of the
measurement intervals (range 01.9–4.4 mm/mo). However,when compared with other well-documented interventions.

For example, well-controlled supplementary feeding trials have there was not a clear decreasing trend after 45 d of supplemen-
tation. The lack of statistical significance is not surprising,identified effects on the order of 2.5 cm during a 3-y period

(Habicht et al. 1995), although most of the effect occurred because the number of children in each treatment group varied
between 15 and 28 for the different age categories. Theseduring the first 2 y of life (Schroeder et al. 1995).

Finding effects only in the most stunted children is biologi- numbers are insufficient to test differences of the magnitude
expected in the time intervals under study.cally plausible. Severe stunting was associated with lower so-

cioeconomic status (Table 4), which may be associated with Finding restricted effects only in the most stunted children
was unexpected given that the baseline mean length for agepoor diets and high infection rates, thus increasing risk of

zinc deficiency. Other studies have found effects on children Z score was less than 02, which indicates that most children
had some degree of linear growth deficit. This is particularlyselected on the basis of their short stature or with evidence of

TABLE 3

Multiple regression models of treatment, baseline length-for-age Z score and their interaction on final length and midarm muscle
area adjusting for covariates and potential confounding variables

Dependent variable Length, cm Midarm muscle area, cm2

Main effects model Interactive model Main effects model

Independent variables b P b P b P

Intercept 57.63 0.0001 58.18 0.0001 9.70 0.0001
Treatment1 0.75 0.1189 00.35 0.6129 0.61 0.0209
LAZ category2 03.93 0.0001 04.87 0.0001 01.58 0.0001
Age, mo 0.98 0.0001 0.98 0.0001 — —
Gender3 01.05 0.0288 01.21 0.0117 01.03 0.0002
Weight-for-length, Z score 0.98 0.0002 0.99 0.0001 0.74 0.0001
Mother’s schooling4 01.12 0.0234 01.08 0.0245 — —
TreatmentrLAZ2 — — 1.91 0.0367 — —
Baseline MMA5 — — — — 0.17 0.0002
Adjusted R-square 0.64 0.66 0.54

1 Zinc Å 1, placebo Å 0.
2 LAZ, length-for-age Z score. Categories less than 02 Å 1; more than or equal to 02 Å 0.
3 Girls Å 1, boys Å 0.
4 No schooling Å 1, some schooling Å 0.
5 Midarm muscle area (cm2).
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provided would be enough to meet the zinc required for growth
(Hambidge 1997). Therefore, occasional consumption of in-
hibitors is an unlikely explanation of the lack of statistical
significance of the main effect on growth in our study. We
avoided providing large amounts of zinc to prevent potential
interference with the absorption of other micronutrients.

Other investigators who have documented effects within 6
mo of supplementation studied younger infants (Friel et al.
1993, Walravens and Hambidge 1976, Walravens et al. 1992).
Studies that supplemented for ú6 mo showed more pro-
nounced effects after 6 mo of supplementation (Dirren et al.
1994). It is therefore possible that greater effects would have
been observed after a longer period of supplementation. An-
other possible explanation for the small effect is the existence
of other limiting factors not corrected by our intervention.FIGURE 1 Adjusted final length (cm) by length-for-age Z-score

categories at baseline and by treatment. Adjusted final lengths are No effects were observed on weight, mid-upper arm circum-
least squares means { SEM computed using ordinary least squares ference and triceps skinfolds. The only main treatment effect
regression analysis. Age, gender, weight-for-length Z score and moth- found was in MMA, a gross indicator of fat-free mass. The
er’s schooling were adjusted for in the model. *The interaction between greater increment in MMA associated with zinc supplementa-
length-for-age Z-score categories and treatment was significant (P õ tion resulted from a combination of a larger reduction in the
0.05). triceps skinfold and a larger increment in mid-upper arm cir-

cumference in the supplemented group. Older infants generally
become leaner with age. Therefore reduction in triceps skin-important given the young age of the study children at admis-
fold is not uncommon during the ages of the infants in oursion. We had anticipated a larger overall main effect (Ç1 cm),
study, particularly in populations at risk of malnutrition. Forbased on results from previous studies (Dirren et al. 1994,
example, Peruvian infants with growth patterns similar to chil-Walravens and Hambidge 1976, Walravens et al. 1983 and
dren in our study experienced reductions in triceps and sub-1992), on the evidence that the rural diet in Guatemala im-
scapular skinfolds between 6 and 18 mo of age (Trowbridgepairs zinc absorption (Solomons et al. 1979) and on the fact
et al. 1987). The larger decrease in skinfolds and increase inthat supplementation took place at ages when stunting is most
mid-upper arm circumference in supplemented children mayactive in this population. Nevertheless, the difference of 0.75
be interpreted as greater accretion of lean tissue, which hascm observed between experimental groups is considered bio-
been observed in children recovering from severe malnutritionlogically important; because it amounts to more than one-
who were supplemented with zinc (Golden and Goldenquarter of a standard deviation in length for the age ranges of
1981b). Zinc supplementation in these children was associatedthe study children. However, the study lacked the power to
with a reduction in the energy cost of tissue deposition due totest this difference. Potential confounding variables are an
greater lean tissue synthesis and less adipose tissue accretion.unlikely explanation of the small magnitude of the main effect

found, given the experimental and double-blinded design of
the study and that we controlled for potential confounding
factors in the analysis. The amount of zinc provided is also an TABLE 4
unlikely explanation. Although we do not have quantitative

Comparison of mother’s anthropometric measurements andinformation about the zinc content of the children’s diet, qual-
itative dietary information presented in the introduction sug- schooling, family socioeconomic status and children’s dietary
gests low zinc intake. Therefore we provided a sufficient energy intake, days of supplementation and gender in stunted
amount of zinc (10 mg) to cover the U.S. recommended in- and not stunted children1,2
takes (National Research Council 1989) for the age range of
study (6–16 mo): 5 mg for infants and 10 mg for children ¢1 Stunted Not stunted

Variables (n Å 50) (n Å 39)y. Previous studies that documented effects on linear growth
provided similar or lower amounts of zinc than our study (Dir-

Continuous variablesren et al. 1994, Walravens and Hambidge 1976, Walravens et
Mother’s stature, cm 143.6 { 5.1 146.1 { 4.5*al. 1983 and 1992).
Mother’s weight, kg 51.1 { 7.4 52.8 { 7.8We cannot rule out the possibility that uptake of supple- Mother’s schooling, y 1.14 { 1.88 1.69 { 2.28

mental zinc was inhibited by foods that have high content of Family socioeconomic status,
phytate and other inhibitors of zinc absorption, rendering the factor score 00.22 { 0.86 0.28 { 1.11*

Children’s energy intake,3amount of zinc in the supplement insufficient to achieve the
kJrkg body wt01rd01 251 { 126 331 { 84recommend intake. Although the supplement distributors were

Days exposed toinstructed to provide the supplement between meals to avoid
supplementation 182 { 27 176 { 37supplementing during the postabsorptive state, in practice this Categorical variables

was not always feasible. As mentioned earlier, tortillas, a corn- Percent boys 56 59
based staple food with high content of zinc absorption inhibi- Percent mothers without

schooling 63 58tors (phytate and calcium), was consumed by 72% of the chil-
dren. The average amount consumed per day was 33 g and

1 Values are means{ SD or percent. * Põ 0.05. Differences betweenaccounted for 36% of the total energy intake. It is possible that
means (t test) and differences between frequency distributions (chi-children sometimes may have consumed tortillas immediately square test).

before or after the supplement administration some times in 2 Stunted (length-for-age Z score less than02). Not stunted (length-
the course of supplementation. However, even at a net (appar- for-age Z score more than or equal to 02).

3 Total energy intake, includes food and breast milk.ent) absorption as low as 5%, the amount of daily supplement
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TABLE 5

Attained length (mm) by treatment at the end of various measurement intervals and differences between treatments
in infants who were stunted at baseline1

Adjusted attained length, mm2 Length difference, mm
Measurement
intervals, d n Zinc n Placebo Absolute Per month

0–45 25 638.2 { 3.1 22 629.1 { 3.3 9.1 6.1
45–90 25 645.7 { 3.2 21 641.9 { 3.5 3.8 2.5
90–120 28 655.1 { 3.3 21 651.2 { 3.9 3.9 3.9

120–150 26 662.8 { 4.3 21 660.0 { 4.9 2.8 2.8
150–180 25 664.8 { 3.1 19 666.7 { 3.6 01.9 01.9
180–195 23 669.9 { 3.3 15 667.7 { 4.5 2.2 4.4

1 Values are means { SD.
2 Adjusted for length and age at the beginning of the measurement interval and for the interval duration.
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