Impact of Zinc Supplementation on Morbidity From Diarrhea and
Respiratory Infections Among Rural Guatemalan Children
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ABSTRACT, Objectize. A community-based, random-
ized, double-blind intervention trial was conducted to
measure the impact of zinc supplementation on young
Guatemalan children’s morbidity feom diacrhea and res-
piratory infections.

Methods,  Children aged 6 to % months were randomly
assigned to receive 4 mL of a beverage containing 10 my
of zine {as zine sulfate) daily (7 diwk) for 7 months (n =
45) or a placebo (n = 44), Morbidity data were collected
daily. Diagnoses of diacchea, fever, and anorexia were
based on maothers” definitions. Respiratory infectinns
were defined as the presence of at least two of the fol-
lowing sympioms: runny nose, cough, wheezing, diffi-
culty breathing, or fever,

Results.  High rates of diarchea and respiratory infec-
tions were reported. Children from the placebo sroup
had a 20% episodic prevalence of diarchea, with § epi-
sodes/100 d, and a 7% episodic prevalence of respiratory
infections, with 3 episodes/100 d. The median incidence
of diarrhea ameng children who received zine supple-
mentation was reduced by 22% (Wilcoxon rank test, with
larger reductions amoeng boys and among childeen with
weight-for-length at baseline lower than the median of
the sample {39% reductions in both subgroups) Zinc
supplementation also produced a 67% reduclion in the
percentage of children who had one or more episodes of
persistent diarrhea {y* testh. No significant effects were
found on the episodic prevalence of diarrhea, the number
of days per episode, or the cpisodic prevalence or inci-
dence of respiratory infections,

Conclrsicns, The large impact of zine supplementa-
tion on diarrhea incidence suggests that voung, rural
Guatemalan children may be zing deficient and that zinc
supplementation may be an effective intervention to im-
prove their health and growth. Pediatrics 199799 808—
B13; diarvhea, Guatemala, experimental frial, microsnnfei-
ents; vespiratory jufections, zinc,
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Little i=s known about the sine status of young
childeen in rural Guatemala, There are, hoswever,
resaons to suap{‘ct that zing mav be a lltmhn% factor
for their growth and health. The staple diet of lime-
freated maize and beans is high in phytates and
caleiuny, which are known to inhibit zine absorp-
tion'?; and consumption of animal products, which
are high in zine, is minimal among poor families.?

High diarcheal rates among (_.\Jnt[:'m’ahn pre-
schoolers? may further exace tbate marginal zinc sta-
tus. Studics have shown that diarrhea may atfect zine
status as a result of reduced dietary intake, impaired
intestinal absorption, and increased intestinal loss-
e Om the other hand, zinc deficiency, which is
associated with impaired immune function,™" can
also contribute o elevated rates of diarrhea: More-
over, diarrhea is consistently found in severe Zing
deficiency and is quickly reversed by zine supple-
mientation, 't and even mild to moderate sine defi-
ciengy has been reported to cause diarthea in
humans. '

We conducted a communityv-based, randomized,
diuble-blind, zinc-supplementation trial to test the
hypothesis that Guatemalan children woere zinc defi-
cient to a degree that affected their morbidity, appe-
tite, intake of breast mitk and complementary foods,
and physical growlh and activity patterns."'® This

-article describes the impact of zinc supplementation

o the children’s morbidity.

METHODS
Sample

Thestudy was conducted i Santa Maria de lesus; a pooeraral
willagne Jocas fed 55 km fromm Giuatemals it iy adan altituele of 2050
TElErs 30w o) ll_‘r-c' Thax poapalabion = wti'n'alc'd at 16 00
inhabitants, the maj of whiom are Mavan Indians Sanla Maorza
de Jesus has o severely limited water suppby and high rates of
heal diseases among preschooalers
s weas done o dendify children from & n 9 months of
age, Because the mame outcome of the stody was Tinear growth,
sample size caleulatioms were Based on an estimaivd impact on
lemgth of 1o fwith a standard devigtion ol 2 om), ased oan
stucdies from Walravens and HamBidge and Xue-Cun et al™
Lising o twvo-tal test with an e level of 0% and @ poveer ol Q0% o
sample oF 42 children per group wos caloulated. Al For
drop-outs a total of 108 children were recruited.

Mineteen children dropped oud of e study attobutable s
migration, or imability to comply with the project sequirements
Bernuse of maternal wark, ;e late sarental rolusal, Ton of thess
children wers from tie zing-sugplemented group and ning wers
Irom e placebo gros sHie characteristics of children wh
dropped cutof the study Imatersal charct teristics, child incake
Breast milk and complementary foods, and anthropomelry? wese
not slatislically significantly d=ferent from thoss of the rest of the




sample (i test resulls: nob shown). The final sample siee for the
analyses prosented here is 43 children in the sinc-supplemented
groupand 4 i lhe placeley group.

Study Desipgn

The study was desigoed asg a double-blind rondomized com-
ity trial. Children were assigned fo réceive a @ mi daily dose
of & flavored liguid proparation swith o without 10 mg of rine
mcluded as sinc sulfare: The tve beverages were indistinguish,
able. and both contained sucrose, citvic agid, and arlificia] flavor,

Field workers distributed the supplement dailv, 7 d fwlk o7 an
average of 7 omonths. Although the planned duration of supple:
mentation wias & months, somie variidion acoarred, such that 20%
of the sample received Lhe supploment for 4 {06 months, 2% for
6 to 8nonths, and 8% for % 104 monfhs, Thers svere no Jifler-
ences betwesn the sroups in the duration of treatment. Fleld
winrkers obsorved the children's |_‘f_|:|'|‘,'|_;_:|:|:'.f_:-t:i::-|_': of the -'.u]j‘;;:h_‘-r[",._\l\_i__
Wheer the child was asicep they retuined to the home Tater to
ensure thal the child corsomed the supolopent in their presence,
Avorage compliance was 95% and dhiere were nio differences be
tween siudy groups, )

Data Collection Procedares

Baseline dala wore eollected on: family Socioeconomic and.

deraographic characteristics (Caaly compasition, matersal Qg
and parity, family possessions, quality of housing, bygienic Facil-
ities, and parents” edication? walernal and child anthropometoy:
child intzke al breast mitk and complementary foods; and childs
appetie acd physical activity palierns

Marbidity mformalion wis collected daily, ab the bme of sup-

plemrent disteibation. A check list was used to record aymptoms of -

Blesses observed during Hw previons 24 houes, The Jist meladed
symptoms ol respirstony infections (rubiy nose, cough, wheezing,
difficulty breathing); gastrointestinal Sisorders (diarshea based on
mcther's deliniiion. number of stools s day, presence of fecal mu-
cas or blooed; 1r{:|miti:‘|gfl_: cihes jnfl}:(_‘t!(]ﬂ_‘-‘:;_; and selecied C(]]I"})l!(:ﬂ.
tioms of iliness (apathy, anorexia, initability, and feverk. i

Diata were also collected on the ehildren's dists (direck welgh-
irg ) and breast milk iotake (test-weighingd,” using 12 hour obscr-
wations inthe homes al bageline aod at 3 and 7 monihs follow-up,
Tatal energy intake (keal /g of body seipht) and energy densingof
adiet avad Breast milk Tkecal fg consumed) were caloudated by adding
up the energy inlake from complementary foods and from breas!
milke (S keal /AL during the 12-lour sbservation petiod, Feed.
ings frequemay and vumber of episodes of breastioeding were alan
caleulated over a period of 12-hours enly.

Amnalytical Methodology
Drelivition of Marbidify Variaties

Respiratory infections were defined as the presence of at least
v of the Tollgwing symptoms: runey noss, couph, whepzing,
difficalty b:-ee:?hing, o dever. Dinrrhea was based on the mother's
definition because mformation on stoo] consistency was nal avail
able. Fever and anovesds were also based on 1he mother's defini-
tion. Persislent dinrrhea was defined as episodes that lasted more
M 14 days,

Hpisodic prevalence® was defined as the percentape of days i1,
caloilated as the number of daysill divided by the total number of
daysal observation. Incdence was defined as the number of new
epitodes divided by the oumber of davs at visk, which was de-
Fired as the ouanber of davs of sbecrvation minus the maher of
days with diagnosis, allowing for twe Tlness-free days butween
episodas,

Socladconinmic Shalus Sooee

A snciceconomil status score was derived by Principal Com-
ponents Analysis as one ladter. The variables mcluded were:
hotize and Neor material, number of rooms, sanitary facilities, atd
level of poverty of the Lamily:

Statistical Aualyses

Undvariate analyses were done on each morbidity variable to
eliminate outhiors (e, values that did not belong to the distriby-
Hond sing schematic plots (Box plots) Values more exireme than
three Interquatiile ranges (an interquartile range 3 the distance

betigen the 25th and P5H sainple porocntiles) of the how were
considered oulliers and were eliminated from the analysis.” This
reprosented o maximum of 3% of the observations for movhidiny
fromy diaerhea, 2% for worbidity from respivatony infections ad
fever, and 8% for the episodic prévalence of anorexia,

Statistical tests of compasison were dong using © tests, 7 tests,
and the Wilcoraon rank Lest where appropriale,

Ordinary least squares regression analysis wis used o0 11 test
e Bnpact of 2ine supplementation on merbidity sulcomes, o
tratling for potontial comfenmading factors imain effects modely;
and 23 test whether some children benefred more From the sup-
plementation thian others, as indicated by the presence of stabisti-
cally sigraficant bwo-way Bleraction terms bebwaen treatment and
the characteristics studied Hnteractive effects medels). The fnde-
pedent varizbles inchided in the mocbidity models were: secin:
sconomdc slatus, materpgl schooling, child nateitional stabes at
baselive, frequency of feeding of complementary foods and of
Breast mitk, energy densite of diet Hood plus breast milk), and
okl crergy intak,

Analyses were performued using the PO-SAS statistical pro-
gram, version .04 U5AS Tnglitule, Cary, NOL Probabiling values
.05 for main effecds ared <10 foe interaction tesins wWers comsids
ered Slalistically stpenificant.

The study protocol was appreved by the Conmitlees an the
U ol Huae Subjects in Research bolh at the Institute of M-
tion of Central America and Panama and the University of
California, Daves. Verbal informed consent was obtamed fram all
marticipants.

RESULTS
Ab baseling, there were no differonces belween
treatment groups in any of the characleristics stud-
ied, okcept maternal sc:hunling and gender ratio (Ta-
ble 1), Among the zinc-supplemented group, there

TABLE 1. Charasleristivs of the Sample at Baseling
Characteristics Placibo Zinc-supplemented
Loy dddd [n= 145}
Child Wean (50 Mo {500
Age (o) Fo1 095 FAALATS
Wetght-for-aps oo’ LT Rl b
LA P B ) — 2200 AL
WILE . LR 0L07 63 {39
Energy indakot theal S kg w) Beo i3 FEO i1

Energy densilyt (heal/ o T3 5 Le LE4)

Feeding freguences (food) (1200 189131 LAET(EA2)
Breastfeeding fvequencyt (12-h) 58 (205 BB
hlother

Seatuzre (omd THEF 4R ldda (540
Weight (kg i T SAF 8T

Srhonbing (v] LA E

LA (2300

Soripeconomic status 007 40:53) =0 T1L05)
(Eaclar sroret

hothiers whi can read (%) b BEL
Hemises with eleciricitv (%) B3 8%
Hauges wath mud floor (%) il a7
Flonises with bamboo walls 1% =1 liyd
Housez waily latrines 5] HE 71
Children partially breastfed (5] 10X e
Fos 5] 45 Akt

= =

Weighl and lengih wers measived 1o he neanest 5 oand T man,
respectively. Festares were caleulated by compasing individual
values lo the World Health Organization/Centers for Disease
Crotral and Prevenlion reference dars 2

= Al fowe variables related to child-feeding practices are based o
1Zbiour dbservations cotducted at baseline. Holl energy intake
ikeal/ kg of Zody welght) and energy dinsity (Reald i of food) refer
bo botal esergy (food plus breast milk) The energy content of
breast milk (73 keal/dL) was devived lrom o study conducted in
another indigenous population of Guatemala®

TP 5 Dilferences between means and frequency distribtion
wiire tested by tesl and o7 test, respectively.
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was a slatistically significant greater percentage of
mothers who could read (58% vs 27% in the placebn
groupl, and their average number of years of school-
ing was approximately one vear greater than moth-
ers from the placcbo group, A greater percentage of
boys was also found among the zinc-supplemented
group 169% vs 45% among the placebo groupl. All
other sociveconomic characteristics, maternal and
child anthropometry, and child feeding practices
were similar belween groups. As documented in
other studies from Guatemala, ™ children were se-
verely stunted at baseline (56% had length-for-age
s-seore (LAZ) = =2 51, but wasling was nonexist-
ent (ne child had weight-for-length z-score (WLZ} =
-2 50, All children were partially breastfed
throughout the study.

The incidence of diarrhes was very high among
the placebo group (median, 8 episodes A100 child-
days), but was significantly reduced by zing supple-
mentation to a median of & episodes /100 child-days
(Table 2). Zine supplementation alse significantly
reduced the percentage of children with persistent
diarrhea by 67%: among the placebo group, 27%
of children had one or more episode of persistent
diarrhea compared to only 9% among the zinc
supplemented group (P < 05; ¥* test). The incidence
of respiratory infections and fever was nol affectad
by zine supplementation.

Children  from  the zinc-supplemented  group
tended to have a lower episodic prevalence of diar-
rhea, fover, and anorexia and a greater episodic prey-
alence of respiratory infections than those from the
placebo group, although none of these differences
was statistically significant (Table 3). The duration of
illness did not differ between the groups: Lhe average
duration of diarrhea was 3.99 davs (50, 1.84) among
the zinc-supplemented group and 4.09 daws (5D,
269 among the placebo group.

Analyses done separately by sender revealed that,
although a reduction in diarrhea incidence was
found in both boys and girls, the difference was
statistically significant onlv among bovs. Mone of the
other morbidily indicators showed any difference
between genders. Figure 1 shows, for bovs only, the
difference in diarrhea incidence between treatment

TABLE 2. Murhidity Dnciclence (Epasodes £ 3700 Child-Llaws]) by
Treatmenl Group

FE TS %

Flacela ”
| fforenoe

Incidence of:

hlidiz Median
FREl  135%=Fa%]

[harrhea So8-10.2] 63 4284 2%
Fespiralory infectioms . 28 [1L.5=06] 3.2 [16-4.4] +12%
Fever 200927 18f2-23] (R
Perzistent izl b Bk =0

(% with =1 episodel

F23% b PR ovelers Lo Ll 258k and TSthopercentile valoes. %
Difference — boedian placebo group — medion zincsupplement-
cd Mmedian placebol = 100,

t 5 05 diflerences bebween groups tested by the Wileoxon rank
lest,

1= 0% difference bebween groups tested by the 37 test, Persis
fenl diarrbiea 15 defined as an episode that Iasted longer than 14
davs,
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TABLE 3 Episodic Prevalence of Morbidity (% Tavs 100 by
Treatment Group
Episedic Placeko L i

Prevalence of; ; [N eroneet
Median

[25%-75%]

Meclian
§25%- 754 ]

A
=20

95 12728 5] Ta [11.2-24.1]

[Marrhes

Rospizatory mfections 73 [39-12.4] 01 [4.4-14.4] et 10
Faver 41 [1.9-5.4] 382452 —
Anorexid a1 |27-7 8] 47 [30-68] — 235

Y25 bo TBR refers to the 25thoand P5th percemile values,
% Difference = Gnedian placebe proup  median sincsapple-
mented Smedian placebal 0 1000 Differences belween groups
were bested by the Wilcoxon rank test; P2 05 swas considered
stabistically signilicant. None of the differences were satistcally
signilicant.
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groups, by monib of supplementation. Mote thal bias
due to seasonality 15 not an issae in this longitudinal
analysis because children started supplementation in
four different cohortsat 1- to 2-month intervals be
tween June and MNovember, 1993, Thus, a parlicular
momth of supplementation corresponds Lo a different
calendar month for children from different cohorts.
Figure 1 shows that a rapid drop in diarthea inci-

dence cocurred between the first and second months

of supplementation and  that zinc-supplemented
boys mainlained a consistently lower meidence of
diarrhea throughout the intervention period. Be
cause of the large variance in diarrbea incidence and
the relatively small sample sive for this analysis (pla-
tebo, 20; zinc-supplemented, 31), only ditferences at
3. 4, and ¥ months were statistically significant (<
05, Wilcoxon rank tesi). Note that there was also a
slight reduction in diarrhea incidence among the
placcbo group over time. This may have been attrib-
utable 1o maturation (children getting older and less
vulnerable) or to participation in the study (ficld-
waorker effect).

The determinants of diarrhea incidence were ana-
lvzed by ordinary least squares regression (Tabie 4.
The significant impacl of zinc supplementation on
reducing diarrheal morbidity remained afler control-
ling fur child WLZ and age at baseline, gender, fam-=
ily socioeconomic status, maternal schooling, num:
ber of days of supplementation, child feeding
practices, and daily energy intake (Model A, Other
maodels were run to test whether LAZ at baseline,
and olher family sociveconamic factors (presence of




TABLE 4. Reterenivaiis of Biarches Incadence (Episodes 100
Cravsk Rasalts of E'ermﬂw Least q(]l]:‘l"‘?ﬁ Regresgion Analysis

Wartable Main Ellecis Inleractive
Idioadel A Mol el
[hleadel Bl
B " I i

Intercep 2022 CO 2188 L0

TrL:ltI"'n’.['l = placeby 1 = 2ingl —288° L0321 —EA] O

initial Wi / 25 (a9 —287 (089

Cender ¢1 = M; 2 = F) =145 [2H) —438 GOl

Agze a2t baseline {mo} [ i T e

Socioecomomie status factor Lha (30

Maternal schooling {vil 4 (a3

Bavs of supplementation =L oM —003 G0

Fetal energy intake” (keal / ke) ez o4l

Energy densiby™ (heal flh =179 (37)

Feeding frequeancy™ Hood) 25 et

Broastieeding frequoency® LA 9

Interaction: TRT = Wi LAL (03

interaction; TRT & gender Sag L)

Interaction: gender » WIELE 192 03

K square fadj 0110 025

hlean square error AT Do

[ BT HY

Abbrovintions: § = regression covfficiont; F = femala; M = male;
Fo= " vahie of (-test -.C:-f regression cocliicient: TRT = treatmumd;
WL = welght-for-length e-soore:

t Al foae variables related to child feeding practices ace based o
1Z-tour observialions conductud at the end of the supplementaticn
period. Both enerpy intake (keal fkg of body weightl and cierey
density (kealfg of food) refer to tetal energy {food plus breas
mitk) The erergy conterst of breast milk (73 keal/ L) was derived
bronn a sudy conducted moanother indigencus population ol
Gruatemala
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animals, hyeienic facilities, and so forth) were asso-
ciated wilh diarrheal morbidity. The results woere
consistent in showing a significant impact of zinc
supplementation on the reduction of diarrheal inci-
dence, but none of the child and family characteris-
tics were associated with: diarrhea: The mumber of
clays children received the supplement was signifi-
cant in all models, indicaling a dose-response effect.
With more daws of supplementation, a greater reduc-
lon in the incidence of diarrhea was obtained.
Analyses of interactive effect models showed the
existence of two statistically significant twoe-way in-
teractions with trealment group, ie, initial WL/ and
gender (Table 4, Model Bl Figures 2 and 3 present
the adjusted means for diarrhea incidence by gender
and ftreatment and by WLZ and treatment, rospec-
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Fig 3 Dateractive effect of trestment and e ht-tor-length
wescome (W LEY at basetine on diarrhea incidencs,

tively. For illustrative purposes, WLZ at the onset of
supplementalion was mchoiomlml using the me-
dian for this sample as the cut-off point to divide the
sample into bwo groups: lighter (WLZ =2 6) and
hegvior (WLY = 6), Males and children with lower
WL at bazeline benefited more from zine supple-
mentation than girls and children with greater inilial
WLZ. Zing supplementation reduced diarrhea inci-
dence by 39% ameng bovs and among children with
lower inilial WLZ, whereas the reduction was only
3% among zinc-supplemented pirls and 8% among
heavier children, None of the other child and family
sociocconomic variables tested was statistically sig-
nificant in bwo-way interactions with treatment,
Regression maodels of the episodic prevalence of
diarrhea and of the incidence or episodic prevalence
of respitalory infections, fever, and anorexia were
also developed, Results of multivariate analyses con:
firmed those of bivariate analyses, namely that zine
supplementation had ne effect on these outcomes.

DISCUSSI0ON

Zine supplemeniation reduced the incidence of
diarrhea by 22% among our sample of - to 9-month-
old Gualemalan children, The magnitude of the of
fect was significantly larger among boys (3959 and
among children with lower WLZ al the onset of
supplementation (39%). A dose-response relation-
ship was found indicating that a greater Impact on
diarrhes was vbtained as the number of days of
supplementation increased. Zinc supplementation
also produced a 67% reduction in the percentage of
children whe had one or more episedes of persistont
diarrhea (F = 03). The cpisodic prevalence of diar-
thes I:pewu‘nt days ill) was also reduced by 20
among the zinc- mlpplemenied group, but this differ-
cnce was not statistically significant attributable to
lack of statistical power [t!w power ta detect a-dif-
ference was only 47% for this analysisk® These re-
sults combined with the previously rveported find-
ings of a positive impact of zinc supplementalion on
growth among stunted children™  suggest that
young, tural, indigenous Guatemalan children may
be zine deficient,

Owerall, children in our sample had very high
diarrheal rates. There are various potential explana-
Hiens for hese findings, First, children woere bebween
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B te 18 months of age, which s the age of ;;rr:atc—sa'r
diarrheal rates reported ameong this population * Sec-
ondly, morbidity surveillance was carrled out daily.
Less frequent surveiilance is known to result in un-
derestimates of diarrheal rates, atbibutable to under-
reporting of mild and short episodes,™ Finally, our
definition of a diarrheal episode allowed for bwo
illness-free davs bebween diarrhea-davs. Failure to
allow for illness-free davs between episodes results
i slightly lower incidence estimales altribulable to a
farger denominatos,

Maothers' delinitions of diarrhea were used in our
study as opposed to the clinical definition of more
than three unformed stools a day, because informa-
Hon on stoel consistency was net available, Compar-
ison of mothers” definitions with a definition Based
orn the number of stools only (more than hree stools
a dav), showed a correspondence of 88%, similar to
fmdﬂ'l“f‘» documented by Cogswell Lmd collzbora-
fors, ‘hflcnem‘er the L(’J’l’EhlJi?'l‘ldE‘.t‘lfL‘. hetween the
two definitions was exactly the same for the zine and
the placebo groups. We repeated all analyses using
the definilion of diarrhes based on number of stools
per dav and found similar resulis as when maternal
definition was used, although with slightly reduced
statistical power atiribulable to a larger varianco.
Because of the randomized design used in this study,
and because the correspondence belween the two
definitions of diarthea was the same for the two
comparison groups, we have no reason o belicve
theat the cse of mothers” defimitions of diarrhea could
bave biased our rosults: '

The beneficial effect of zinc supplementation on
the incidence of diarrhea has been reported rocently
in comumunity-based studies in Mexico, India, and
Vietnam “ " Zinc supplementation has also been
found o reduce the duration and severity of diarrhea
in some seilingsf"“ Mo effect on duration of diar-
thea was found in our study. A possible reazon for
this difference in findings mav be that the other
studies were largeled Lo children during diarrhea
episodes, or to children sutfering from kwqahlorkor
Additionatly, the doses of zine were larger, ™ or
were increased during diarrhea Epigtmdeﬁ_:‘"‘

The effect of zine supplementation on respiratory
infections is not consistent. Three studics reported a
reduction in the incidence of respiratory infec-
tions, " and two found no impact”™™ Our study
showed an increase i both the incidence and the
episodic prevalence of respiratory infections among
the zinc-supplemented group, bul neither was statis-
tically significant. This result is of possible concem,
however, and should be explored in other studies. 1
should also be noted that even though several stud-
ies have shown a positive effect of zine supplemen-
tation on immune function, this may not be the case
for all compopents of the immune system.
Schlesinger et al® have shown lhat monocyte func-
Hon was impaired by zine supplementation in mal-
nourished children. It is therefore possible that infec-
lions affected by such immune components will not
be reduced by vinc supplementation and may even
ke increased.

Gender differences in the response to zine supple-

Bl2 ZINC SUPPLEMENTATION AND MORBIDITY

menlation have been documented extensively, par-
ticularly in  studics examining the effects on
growth 7% Relalive to diarrheal morbidity, only
the study in India found similar resulls Lo ours, ig,
that the positive effect of zinc supplementation on
the incidence of dyserdery was restricted to male
children.®™ The usual mnterpretation of the greater
response of boye to vine supplementation is that thev
may have greater winc mqmrementa than girls.¥
5.111#:-113! bovs from our sample, this is likely m be th-:‘
case because bovs had greater incidence and episodic
prevalence of diarrhea than girls, and thus may have
had greater zinc reqmrema_nt% because of oxcessive
lOSSL‘&. during diarrhea: [t is not clear, however,
whether the greater requirements would be a conse-
quence of diarrhea; or whether diarrhea was caused
by greater deficil resulting from higher reguire-
ments. There are no indications from our preliminary
analwvses of diet and breast milk intake of differences
in nutrient intake per kg of body weight between
boys and gitls, 1l is difficult to understand why girls,
who alse had high diarrheal morbidity, did not ben-
efit from the supplementation,

The other determinant of benefit found in our
study, WLE < 6 atb baseling, has not been identilied
pr'm'iou:-‘li..' in zing-supplementation trials investigat-
ing effects on the incidence or prevalence of specific
illnesses, IFwas, however, found o determine l*.u;luuul
in the duralion and severity of diarrhea in the study
by Sazawal et al,®™ who reported that the reduction in
the number of days of watery diarrhea after zinc
supplementalion was greater among wasted chil-
dren. It could be hypothesized that thinner children
inowr study bad already experienced more diarrhea,
and that thinness acled as a pm}.v for the risk of
diarrhea rather than as an indicator of nutritional
deficil, This does not seem to be the case, however,
because there were no differences in the incidence of
diarrhea  between thinner and  heasier children
among the placebo group (Fig 30, The lack of re-
sponse to zine supplementation among heavier chil-
dren who seemied equally al risk of diarches is diffi-
cult B inh;*rpret.

Conclusions

Findings from our study and the other three recent
communitv-based  zine  supplementation  trials
showed reductions in the incidence of acute and
persistent diarrhea ranging from 14 to 65%. This
magnitude of effect is at least as large as the range of
cffects reported for other interventions thal are cur-
vently prommed by diarrheal disease control pro-
srams.” For example, successful promotion  of
breastfeeding would be likely to result in § to 20%
reductions of diarrhea in the first vear of life
whereas improved water supply and sanitation is
expected to reduce diarrheal diseases by 27%." Thus,
if well targeted, zine supplementation could be a
powerful intervention to reduce morbidity from di-
arrheal diseases among children from developing
couniries.

More research is needed to continue to explore the
determinants of benefit from zine supplementation
for targeting purposes. PFuture community-based
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