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Background Diarrhea and respiratory tract infections are leading causes of child-
hood morbidity and mortality. This individually randomized, double-blind pla-
cebo-controlled trial was designed to evaluate the effects of different zinc supple-
mentation regimens on the incidence and duration of diarrhea and acute lower
(ALRID) and upper (AURL) respiratory tract infections among rural Laotian chil-
dren. The study included 3407 children, 6-23 months at enrollment.

Methods Children were randomized to one of four study groups: therapeutic
zinc supplements for diarrhea treatment (20 mg/d for 10 days with each epi-
sode; TZ), daily preventive zinc tablets (7 mg/d; PZ), daily multiple micronu-
trient powder (10 mg/d zinc, 6 mg/d iron and 13 other micronutrients; MNP),
or daily placebo powder for 9 months. Incidence and duration of diarrhea (=3
liquid stools/24 hours), ALRI (persistent cough with wheezing, stridor or chest
in-drawing) and AURI (purulent nasal discharge with cough) were assessed by
parental report during weekly home visits and analyzed using negative bino-
mial models.

Results Baseline mean age was 14.2 +5.1 months, and 71% had low plasma zinc
(<65 pg/dL). Overall diarrhea incidence (0.61 £0.01 episodes/100 days at risk)
and duration (2.12 +0.03 days/episode) did not differ by study group. Age mod-
ified the impact of the interventions on diarrhea incidence (P=0.06) and dura-
tion (P=0.01). In children >18 months, TZ reduced diarrhea incidence by 24%
vs MNP (P=0.035), and 36% vs Control (P=0.004), but there was no difference
with PZ. This pattern remained when analyses were restricted to diarrhea epi-
sode occurring after the first treatment with TZ. Also, in children >18 months,
TZ reduced diarrhea duration by 15% vs PZ (P=0.03), and 16% vs Control
(P=0.03), but there was no difference with MNP, There were no overall effects
of study group on incidence of ALRI (overall mean 0.005+0.001 episodes/100
days, P=0.14) or AURI (overall mean 0.09+0.01 episodes/100 days, P=0.72).

Conclusions There was no overall impact of TZ, PZ or MNP on diarrhea, ALRI
and AURIL. However, in children >18 months, TZ significantly reduced both
the duration of diarrhea episodes and the incidence of future diarrhea episodes
compared with placebo.

Trial registration ClinicalTrials.gov: NCT02428647
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Each year,~700000 children less than five years of age worldwide die from diarrhea, and ~ 1.3 million die
from pneumonia. A disproportionately high percentage of these deaths (>90%) occurs in low and middle
income countries [1], where zinc deficiency is prevalent [2-4]. In children 6 months and older, adjunctive
treatment of diarrhea with zinc has been shown to reduce the duration of illness and decrease the likelihood
of progression to persistent diarrhea [5]. Limited evidence also suggests that therapeutic zinc supplemen-
tation for diarrhea may prevent new episodes of diarrhea in the 2-3 months following initial treatment [6].
Thus, the World Health Organization (WHO) and UNICEF recommend therapeutic zinc (20 mg), to be
given daily for 10-14 days during diarrhea episodes, along with oral rehydration salt (ORS) solution (given
on diarrhea days) [7,8]. Unfortunately, restricting zinc supplementation just for diarrhea treatment has sev-
eral potential limitations, because this strategy requires appropriate recognition of diarrhea, caregiver moti-
vation to seek treatment and access to a health care facility or pharmacy to obtain the supplements. Cover-
age of therapeutic zinc supplementation programs is often low, typically reaching <30% of children in need
[9,10]. In addition, this strategy does not target other micronutrient deficiencies and has not been shown
to affect other functional outcomes related to zinc deficiency, such as physical growth and risk of pneumo-
nia [11-14]. Thus, a preventive zinc supplementation approach, universally targeting all children at risk for
zinc deficiency, may be a better strategy.

Meta-analyses of preventive zinc-alone supplementation trials found a 20% reduction in the incidence of
diarrhea and a 14% reduction in the incidence of respiratory tract infection; with the beneficial effects re-
stricted to children >12 months of age [2], although there was significant heterogeneity across trials. Addi-
tional evidence is needed to compare the impact of preventive vs therapeutic zinc supplementation in the
same population.

Uncertainties remain regarding the optimal formulation of preventive zinc supplements. When delivered as
a single micronutrient supplement, zinc has been shown to improve zinc status, increase linear growth and
weight gain, and reduce the burden of diarrhea and respiratory infections [2,15-17]. However, because zinc
deficiency often coexists with several other micronutrient deficiencies, multiple micronutrient formulations,
such as multiple micronutrient powders (MNP), are generally preferred for programmatic interventions. The
WHO and UNICEF currently promote an MNP formulation containing 12.5 mg iron, 4.1-5 mg zinc and 13
other micronutrients [18]. Despite the proven efficacy of MNP to prevent iron deficiency and anemia [19], its
effect on morbidity is uncertain, primarily because there is little evidence from randomized controlled trials
and the available results are inconsistent. In Pakistani children, MNP was associated with an increased inci-
dence of acute and bloody diarrhea, but there was no overall effect on hospital admission due to diarrhea,
respiratory illness or febrile episodes [20]; and a study in Ghana found a higher rate of hospitalization among
children who received MNP [21]. It has been speculated that these reported adverse effects may be related
to the iron contained in the MNP formulation [22]. In light of these observations, in the present study, we
used a new MNP formulation, which contained a lower amount of iron (6 mg per daily dose) and a high-
er amount of zinc (10 mg per daily dose) than current formulations, along with 13 other micronutrients.

The present study was designed to assess the effects of therapeutic zinc supplementation (20 mg zinc/d for
10 days, TZ) for the treatment of diarrhea, daily preventive zinc supplementation delivered alone (7 mg
zinc/d, PZ), and a daily preventive MNP (containing 10 mg zinc, 6 mg iron and 13 other micronutrients,
MNP) on the incidence and duration of diarrhea in rural Laotian children. As secondary outcomes, we also
assessed treatment effects on acute lower or upper respiratory tract illnesses.

METHODS

Ethical approval

The protocol of this trial, known as the Lao Zinc Study, and the consent procedures were approved by the
National Ethics Committee for Health Research (NECHR), Ministry of Health, Lao People’s Democratic
Republic (PDR), and the Institutional Review Board of the University of California, Davis, USA. The trial is
registered as a clinical trial with the US National Institutes of Health (ClinicalTrials.gov; NCT02428647).
The full study protocol has been published previously [23].

Study design and participants

This double-blind, randomized, placebo-controlled trial was implemented from September 2015 through
April 2017 in rural communities in Khammouane Province, Lao PDR. This province was chosen because
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of its high prevalence of stunting [24], which is suggestive of a possible high burden of zinc deficiency.
Moreover, a pilot survey completed in 2015 found that~62% of children (6- 23 months) were zinc defi-
cient, based on plasma zinc concentrations (<65 pg/dL) [23]. Under-five mortality rate in Laos is estimat-
ed at 71 per 1000 live births and the incidence of acute diarrheal illnesses is estimated at 894 per 10000
[25]. At the time of the study, the province had no existing programs to reduce the risk of micronutrient
deficiencies or treat diarrhea with therapeutic zinc supplementation.

The study area (~ 5300 km?) included 300 rural villages from five districts (Nongbok, Xebangfai, Mahaxay,
Xaibuathong and Yommalat). All households with potentially eligible children were invited for screening.
In Nongbok district, which was relatively more accessible compared to the other districts, the invitation
for screening and subsequent enrollment were restricted only to villages in the catchment areas of health
centers where the overall stunting prevalence among children 6-23 months was 225% [23].

Sample size considerations

To detect an effect size of 0.2 SD in mean diarrhea incidence between any two groups, with 90% power
and 5% type-1 error rate, a total sample size of 710 children per group was required. The effect size of
0.2 SD was based on results of previous meta-analyses, which reported a 20% reduction in diarrhea in-
cidence among children receiving preventive zinc supplements [2,16,26]. Allowing for 15% attrition, a
total sample of 835 children (rounded up to 850) per group was proposed, and 3400 children were tar-
geted for enrollment.

Inclusion and exclusion criteria

Children were considered eligible to participate if they met the following criteria: 6-23 months of age,
family intended to stay in the study area for the duration of the study, willingness to accept home visits,
and at least one of the caregivers (mother, father, legal guardian) provided written informed consent. Chil-
dren were excluded from participation if they presented with any of the following health conditions: se-
vere anemia (hemoglobin <70 g/L), severe wasting (weight-for-length z-score (WLZ)<-3 SD with respect
to the WHO 2006 standards [27]), bipedal edema, severe illness warranting hospital referral, congenital
abnormalities possibly interfering with growth, chronic medical conditions requiring frequent medical
attention, known HIV infection of the index child or the child’s mother, ongoing use of micronutrient
supplements, or current participation in another research study.

Randomization and study interventions

A statistician at the University of California Davis randomly assigned study ID numbers to the four study
arms, using a block randomization scheme with block lengths of four or eight. This predetermined ran-
domization list was used during enrollment. In the event that multiple eligible siblings resided in the
same household, only the youngest was enrolled. Twins were randomized as one unit (ie, given the same
intervention), but only one was randomly selected for inclusion at the time of data analyses.

Children were individually randomized into one of four study groups (Table 1 and Figure 1) as follows:
1) the therapeutic zinc (TZ) supplementation group received a daily placebo preventive supplement tab-
lets and a therapeutic zinc tablet containing 20 mg each day for 10 days for diarrhea treatment; 2) the
preventive zinc (PZ) supplementation group received a daily preventive zinc supplement tablet contain-
ing 7 mg zinc and placebo therapeutic tablets for diarrhea treatment; 3) the MNP group received a daily
preventive MNP containing 10 mg zinc, 6 mg iron and 13 other micronutrients (Table 1) and placebo

Tahle 1. Preventive and therapeutic supplements provided to each study group in the Lao Zinc Study
Center TZ Center PZ Center MNP Center CONTROL

Zn-containing tablet MNP (containing 10 mg Zn, 6 mg

P ti 1 t  Placebo tablet Placebo powde
reventive suppiemen acebo table (7 mg/day) Fe, +13 other micronutrients*) cebo powder
Thy ti 1 t ORS + Zn tablet (20 day) for 10 d: ORS + Placeb
erépeu e sHppiemen _+ n_ ablet ( _mg/ ay) 9r ® ORS + Placebo tablet  ORS + Placebo tablet racepe
for diarrhea starting with acute diarrhea episodes tablet

MNP — micronutrient powder; ORS — oral rehydration salt; PZ — preventive zinc supplementation; TZ — therapeutic zinc supplementation for diarrhea
*MN contents of one daily dose MNP sachet: vitamin A (400 pg RE), thiamin (0.5 mg), riboflavin (0.5 mg), niacin (6 mg), vitamin B6 (0.5 mg), folic
acid (150 pg DFE), cyanocobalamin (0.9 pg), ascorbic acid (30 mg), cholecalciferol (5 mg), dl-a-tocopheryl acetate (5 mg TE), copper sulphate anhy-
drous (to provide 0.56 mg copper), potassium iodate (to provide 90 pg iodine), ferrous fumarate (to provide 6 mg iron), selenium selenite (to provide
17 pg selenium), zinc gluconate (to provide 10 mg zinc).

www.jogh.org ® doi: 10.7189/jogh.10.010424 3 JUNE 2020 ¢ VOL. TONO. 1 « 010424




Barffour MA. et al.

Children screened
for elligibility Total ineligible (n=397)
[N=3830) + Declined consent (n=68)
+ Congenital abnormalities (n=42)
+ Chronic medical condition/
| matemal HIV (n=5)
L “|e  Multiple siblings in same
household (n=41)
Total enrolled *  Ageineligible [n=224)
(N=3433) *  Severely wasted (n=12)
« Severely anemic (n=1)

.| Twins excluded from
b " analyses (n=26)
Total eligible for
analyses (N=3407)

r k.

TZ [N=851) PZ (N=852) MNP [N=852) CONTROL (N=852)
Exived study Esited study Exited study Exited s udy before
=i before follow-up | before follow-up —® before follow-up follow-up began
began (n=1) began (n=8} Began (n=11) [m=5]

¥ h i A

Included in analyses
[n=847)

Included in analyses
[n=848)

Included in analyses
(n=844)
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Figure 1. Flow diagram of study participant randomization and inclusion into data analyses. MNP — Micronutrient
powder, PZ — preventive zinc, TZ — therapeutic zinc.

therapeutic tablets for diarrhea treatment; or 4) the placebo control group received daily placebo powder
and placebo therapeutic tablets for diarrhea treatment. Thus, each child, regardless of the group allocation
received both a preventive and a therapeutic supplement. The therapeutic intervention for diarrhea treat-
ment was delivered as a “diarrhea kit”, containing a 10-tablet blister pack of assigned therapeutic supple-
ments, 3 ORS packages and illustrative instructions. Caregivers were instructed to initiate diarrhea treat-
ment as soon as a child had >3 liquid or semi-liquid stools per day. Specifically, caregivers were instructed
to provide ORS while the diarrhea episode lasted and to give one therapeutic tablet per day for 10 days. In
addition, children were to continue taking the assigned preventive supplement during diarrhea episodes.
When appropriate at the time of the weekly home visit, the field workers reminded the caregiver to ini-
tiate and/or continue diarrhea treatment until the 10-day regimen was completed. After the completion
of a therapeutic regimen, caregivers were given a new diarrhea kit corresponding to the assigned study
group and were instructed to use it during the next diarrhea episode. In the event of persistent diarrhea
(ie, diarrhea lasting more than 14 days), the therapeutic tablets were replaced with ZincFant (Nutriset
SAS, Malaunay France), non-blinded tablets containing 20 mg of zinc, which the caregiver was instructed
to give to the child for the next 10 days. Caregivers where also instructed to temporarily stop providing
the assigned study interventions to the child until the “ZincFant” course was completed. The preventive
and therapeutic zinc and placebo tablets were produced by Nutriset SAS (Malaunay, France). The MNP
and placebo powder sachets were produced by DSM Fortitech Asia Pacific (Banting, Malaysia). Supple-
ments were pre-labelled (by the manufacturer) with four different numerical codes, along with the letters
P (for preventive supplements) or T (for therapeutic supplements). In addition, intervention products
were assigned specific colors (one color per intervention group) to facilitate correct delivery and tracking.

At enrollment, caregivers were instructed on how to administer the study products to their child, and
field workers repeated these instructions once per month during home visits. For both the preventive
and therapeutic dispersible zinc and placebo tablets, caregivers were instructed to dissolve one tablet with
clean water or breastmilk and feed the resulting suspension to the child at least 30 minutes before or af-
ter a meal. Caregivers were advised to mix the entire contents of a MNP or placebo powder sachet into
a small amount of semi-solid food that the child could easily consume. Each child was visited weekly
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for 32-40 weeks, unless lost to follow-up. Supplements and ORS were replenished during these week-
ly home visits. During the weekly visits, caregivers were interviewed to record reported consumption of
the intervention products, and unused blister packages and sachets were collected to assess adherence.

Data collection and consent procedures

On the day of enrollment, consent materials were presented first in a group education session conduct-
ed by a medical doctor, followed by a one-on-one session with a study nurse. Caregivers who wished to
participate in the study were asked to sign (or fingerprint) the consent statement in the presence of an
independent observer. Children with written, informed consent by one parent or a legal caregiver were
subsequently screened for eligibility. At baseline, mid-point (after~ 18 weeks) and endline (after 32-40
weeks), duplicate anthropometric assessments were recorded by trained and standardized anthropomet-
ric teams. Measurements included weight to the nearest 0.02 kg (SECA 383, Seca, Hamburg, Germany),
recumbent length to the nearest 0.1 cm (SECA 416) and mid-upper arm circumference (MUAC) to the

nearest 0.1 cm (ShorrTape®, Measuring Tape, Weigh and Measure, Olney, MD, USA). Maternal weight was
measured to 50 g precision (SECA 874) and maternal height to 0.1 cm precision (SECA 213) at baseline
or at another time over the course of the study.

Anemia status, based on capillary hemoglobin concentrations, was assessed for all children at baseline
and endline (32-40 weeks later) by Hemocue® Hb 301 System (Hemocue AB, Angelholm, Sweden). To
assess zinc status and inflammation, a total of 760 children (190 per group) were targeted for blood draw.
Due to logistical challenges of the large study area, blood had to be drawn from the children enrolled in
the health districts closest to provincial capital [23]. Among these children, approximately 7 ml of venous
blood were successfully collected from 701 of these children by trained nurses into evacuated, trace el-
ement-free 7.5 ml Lithium-Heparin tubes (Sarstedt AG & Co, Numbrecht, Germany). The heparinized
samples were maintained at 4-8°C in portable cooler boxes until they were transported to field labora-
tories later the same day for processing. In the field laboratory, the heparinized blood samples were cen-
trifuged (PowerSpin Centrifuge Model LX C856; United Products & Instruments, Inc., Dayton, NJ) at
1097 x g (3100 RPM) for 10 minutes and the plasma was aliquoted. Plasma samples were stored in the
field laboratory at -20°C, and later shipped on dry ice to collaborating laboratories for analyses. Samples
from a subgroup of 575 children with baseline and endline plasma sample were randomly selected for
laboratory analyses.

Weekly morbidity surveillance

All illness-related symptoms, including the reported number of liquid or semi-liquid stools per day, re-
ported and confirmed fever, signs and symptoms of respiratory tract infections, hospitalizations and clinic
visits, and any consumption of medications were assessed during weekly home visits by trained morbid-
ity surveillance workers. Caregivers were given a paper-based chart weekly to document daily morbidi-
ty symptoms and supplement consumption. While administering the electronic questionnaire, the field
worker would refer to the chart as needed to ensure consistency or to clarify disparities between the infor-
mation on the chart and the responses provided by the caregiver. Axillary body temperature was measured
when fever was reported in the previous 24 hours and once per month independent of any reported fever.

Laboratory analyses

Plasma zinc was analyzed by inductively coupled plasma optical emission spectrophotometry (ICP-OES
Agilent 5100 SVDV, Santa Clara, CA, USA) at the Children’s Hospital of Oakland Research Institute (CHO-
RI, Oakland, CA, USA) [28]. Inflammatory markers (CRP and AGP) were measured using a sandwich
enzyme-linked immunosorbent assay (ELISA) technique at the VitMin Laboratory (Willstaett, Germa-
ny) [29].

Data entry and analysis

All data were recorded electronically via a customized CommCare-HQ (Dimagi, Boston, USA) applica-
tion deployed on portable Samsung tablets (Samsung Galaxy, Tab-4, Suwon, South Korea). A statistical
analysis plan was published prior to analyses [30] and strictly followed to minimize bias. The groups’
identities were revealed only after the data analyses were completed and the study investigators reached
consensus on the interpretation of results. All analyses were done with STATA statistical software, release
13 (StataCorp, Austin, TX, USA) and SAS version 9.4 (SAS Institute, Cary, NC, USA).
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Definition of outcomes and indicators of child health

We defined diarrheal illness as 3 or more liquid or semi-liquid stools in a 24-hour period. A diarrhea epi-
sode was defined as all contiguous days of diarrheal illness followed by at least 2 diarrhea-free days. Acute
lower respiratory infection (ALRI) was defined as any episode in which the caregiver reported severe or
constant cough with respiratory difficulty (eg, wheezing/stridor, chest in-drawing or difficulty breathing);
an ALRI episode was defined as an ALRI illness followed by at least 3 days free of ALRI. Acute upper respi-
ratory infection (AURI) was defined as any episode in which the caregiver reported cough and a purulent
nasal discharge; an AURI episode was defined as an AURI illness followed by at least 7 days free of AURI.
Additional morbidity outcomes of interest included reported fever or confirmed fever (axillary tempera-
ture >37.5°C), severe diarrhea (defined as =6 liquid or semi-liquid stools in a 24h period) and dysentery
(ie, diarrhea with blood in stool). We assessed treatment effects on incidence density (defined as the num-
ber of episodes divided by number of days at risk), longitudinal prevalence (defined as the proportion of

days with illness) and duration (defined as the number of days per episode) of diarrhea, ALRI and AURL

Weight-for-age z-scores (WAZ), length-for-age z-scores (LAZ) and WLZ were used to define growth sta-
tus, and stunting (LAZ<-2 SD), underweight (WAZ<-2 SD) and wasting (WLZ<-2 SD) were based on the
WHO growth standards [31].

Adherence to the daily preventive supplement was defined as the total number of days in which the pre-
ventive supplement was consumed, expressed as a fraction of the total days of observation per child. We
defined total intake of therapeutic tablets as the total number of days the supplement was reportedly giv-
en to the child. In addition, we also assessed the total number of tablets used in treating diarrhea episodes
(ie, tablets given within 10 days of illness), the number of episodes treated (defined as treatment initi-
ated within 7 days of diagnosis) and the number of tablets given within 10 days of treatment initiation.

Statistical analyses

All analyses were done on a complete-case, intention-to-treat basis. In all analyses, the intervention group
was considered the primary exposure variable. Negative binomial models with an offset were used to as-
sess group differences in incidence density, longitudinal prevalence and duration of diarrhea, ALRI and
AURI. For incidence density, we modelled the total count per child with the days at risk as the offset. For
longitudinal prevalence, we modelled the total number of disease-specific sick days with the total days of
observation as the offset and for disease-specific duration, the total number of disease-specific sick days
was modelled with the total number of episodes as the offset. Cox proportional-hazard models were used
to assess time to diarrhea events. Models first assessed a global difference in intervention effect using a
likelihood ratio test, and post-hoc pairwise differences were assessed subsequently in the event of a statis-
tically significant global difference (global P-value <0.05). In all cases of statistically significant pair-wise
comparisons, multiple hypothesis testing adjustments were made to determine the sensitivity of estimates.
All models were rerun to assess evidence of potential effect modification by baseline variables, including
age (at enrollment), physical growth status, sex, socioeconomic status, complementary feeding practic-
es, breastfeeding status, maternal literacy and other indicators, by incorporating an interaction term. For
each outcome, intervention effect parameters were estimated using models that controlled for age at en-
rollment, sex and district as the only covariates. Full lists of the other covariates and effect modifiers ex-
plored are available in the published statistical analysis plan [30]. In the event of significant interactions
(P<0.1), marginal effect plots were developed to visually display the modifying effects and stratified anal-
yses using various categories were performed to better understand the nature of the effect modification.

Because of the nature of the therapeutic zinc intervention, we also performed secondary analyses to ex-
plore the prophylactic effects of therapeutic zinc supplementation on subsequent diarrhea incidence.
Since any effects of therapeutic zinc are limited to the period after initiation of therapeutic supplemen-
tation, we reran the main models after excluding children who never consumed the therapeutic supple-
ments and all observation days prior to initiation of therapeutic supplementation among children in all
4 groups. Additional exploratory analyses were done to assess treatment impact on the time to first and
second diarrhea episodes.

RESULTS

From 3830 children screened, 3407 eligible children were enrolled and individually randomized into the
TZ n=851), PZ (n=852), MNP (n=852) and Control (n=852) groups (Figure 1). Approximately 13%
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of study participants, including 10% in the TZ group, 13% in PZ and Control groups, and 17% in the
MNP group (P=0.01), dropped out before the scheduled endline. We excluded from the analyses chil-
dren (n=26) who exited the study immediately after enrollment and therefore did not provide morbidity
data. As previously reported, the characteristics of the children lost to follow-up were statistically simi-
lar to those who completed the study with respect to baseline age, maternal variables and anemia [32].

The mean age of participating children was 14.3+5.0 months at baseline (Table 2). At enrollment, the
prevalence of stunting and anemia were 39.6% and 55.1%, respectively; and 75.4% had low plasma zinc
concentration. About 73% of children were still breastfeeding at baseline.

Reported adherence to the daily preventive supplements was 92% (Table 3). Over the course of the fol-
low-up period, 2013 children (representing~60% of the study population) were diagnosed with at least

PAPERS

Table 2. Baseline characteristics among children and mothers included in the analyses

Au N = 3380 TZN = 848 PZN =844 MNP N = 841 Contror Nl = 847
Child characteristics*
Age (months) 14.3+5.0 14.4+52 14.2+5.1 14.3+5.0 14.1+5.1
Males, n (%) 1503 (51.1) 392 (51.3) 370 (50.1) 356 (50.8) 385 (52.0)
LAZ -1.75+1.08 -1.79+1.11 -1.81+1.03 -1.74+1.07 -1.68+1.09
Stunting, n (%) 1328 (39.3) 330 (38.9) 348 (41.3) 339 (40.3) 311 (36.7)
Hemoglobin, (g/L) 107.0+1.1 107.7+1.1 107.7+1.1 107.4+1.1 107.8+1.0
Anemia, n (%) 1871 (55.4) 468 (55.2) 466 (55.2) 476 (56.6) 461 (54.3)
Zinc Status (n=568):1
Plasma zinc (pg/dL) 54.2 (14.2) 54.4 (13.0) 52.2 (16.6) 55.2 (13.8) 555,1(13.5)
Zinc deficiency, n (%) 432 (75.4) 108 (74.5) 110 (74.3) 101 (72.1) 113 (80.7)
Maternal:*
Maternal age (years) 28.0+5.9 26.7+£6.0 27.8+5.7 28.1+£5.9 27.0+6.0
Maternal BMI (kg/m?) 21.4+29 21.4+29 21.4+3.0 21527 21.4+3.0

TZ — therapeutic zinc, PZ — preventive zinc, MNP — micronutrient powder, LAZ — length for age z-scores, BMI — body mass index

*Values represent mean=SD for continuous variable or N (%) for dichotomized variables. Stunting defined as LAZ<-2; anemia de-
fined as Hb <110 g/L.

tValues represent median (IQR) for continuous variable or N (%) for dichotomized variables. Zinc deficiency defined as plasma
zinc concentration <65pg/dL. Plasma zinc data adjusted for inflammation.

Tahle 3. Adherence to study interventions based on weekly caregiver reports

ADHERENCE T0 SUPPLEMENTATION™ 1z Pz mnp CONTROL P vawue
N children 848 844 841 847

Preventivet

Total preventive tablets/sachets used, n (%) 183762 (92.4) 179299 (92.1) 166009 (89.2) 178116 (91.0) <0.001
Therapeutic

Total therapeutic tablets given, n 8124 7972 7449 7962 0.46

Total number of diarrhea episodes reported 1128 1095 1091 1157

Days therapeutic tablet given per episode¥ 6.8+4.3 6.6+3.9 6.2+4.0 6.8+4.7 0.10

Episodes treated (%)8§ 982 (87) 949 (87) 953 (87) 999 (86) 0.902
Tablet given within 10 days of initiation of treatment, n (%) 6177 (76) 6080 (76) 5842 (78) 6188 (77) <0.01
Tablets given per treated episode 6.2+3.0 6.2+3.1 59+33 6.2+3.0 0.22

Days ORS used 2487 2705 2618 2651 0.47

Days ORS used per episode 0.64+0.7 0.62+0.7 0.63+0.7 0.65+0.7 0.95

Days treated with therapeutic tablet among children who 787 804 717 732 073

never had diarrhea

TZ — therapeutic zinc, PZ — preventive zinc, MNP —micronutrient powder, ORS — oral rehydration salt

*Excluded days for which the status of supplement intake was unknown.

tAdherence to preventive supplement defined as percentage of total observation days for which daily preventive supplement was given to the child.

#The “days therapeutic tablet given per episode” include the total number of days the child took the therapeutic tablet regardless of whether or not is
was given in relation to a diarrhea episode.

§A treat episode is defined as initiation of treatment (ie, consumption of the first tablet) within 7 days of the onset of diarrhea.
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one diarrhea episode; among those children about 97% received the therapeutic tablet at least one time.
On days that children consumed the therapeutic supplement, they concurrently consumed the preven-
tive supplement~92% of the time. Approximately 87% of all diarrhea episodes were treated (ie, treatment
initiated within 7 days of diarrhea onset) across all groups (P=0.90 for group-wise comparison, Table
3). The total number of children who never had diarrhea were 342 (TZ), 350 (PZ), 368 (MNP) and 333
(Control). On average, children consumed 7 out of the 10 required tablets per diarrhea episode, with
no differences between groups. Of the treated episodes (ie, episodes in which zinc therapy was initiated
within 7 days after illness onset), 76% (in TZ and PZ), 78% (in MNP) and 77% (in Control) of tablets
consumed were given within 10 days of the initiation of treatment. Based on reported adherence to both
the preventive and therapeutic supplements, children in the PZ group received an average of~6.5 mg
zinc/d, those in the MNP group ~9.0 mg zinc/d and those in the TZ group ~0.8 mg zinc/d over the study
duration (Table 3). ORS was given~ 1 day per episode, with no differences between groups (P=0.95).

Overall, acute diarrhea incidence was low (~0.6 episodes per 100 days at risk), and did not differ among
the four intervention groups (P=0.90, Table 4). On average, a diarrhea episode lasted for about 2 days,
with no group-wise differences in diarrhea duration (P=0.40). However, we found a modifying effect
of age on the group-specific incidence (P for interaction=0.06), duration (P for interaction=0.01) and
longitudinal prevalence of diarrhea (P for interaction=0.01). Specifically, there was a treatment effect in
older children (>18 months at baseline), but not in the younger children. In the subset of children old-
er than 18 months, the diarrhea incidence in the TZ group (0.40 per 100 days at risk) was significantly
lower (P<0.01) than in both the MNP (0.54 per 100 days at risk, P=0.035) and Control (0.58 per 100
days at risk, P=0.004) groups, but did not differ from the PZ group (0.47 per 100 days at risk, P=0.191).

Table 4. Effects of providing therapeutic zinc supplements for diarrhea or daily preventive zinc supplements or MNP on diarrhea and
acute respiratory infections among young Laotian children*®

L P MNP ControL I(’;-I;Z\I:.II\IIE FOR A:E ‘::I:IEIEIICTIUN
N children 848 844 841 847
Total observation days 198975 194603 186133 195804
Primary diarrhea outcomes:
Total number of diarrhea episodes 1128 1095 1091 1157
Diarrhea incidence (episodes per 100 days at risk) 0.60+0.03 0.60+0.03 0.62+0.03 0.62+0.03 0.90 0.06
Total number of days with diarrhea 2477 2443 2287 2470
Longitudinal prevalence (days with diarrhea per 100 days
observed) 1.48+0.09 1.53+0.09 1.42+0.09 1.44+0.09 0.82 0.01
Average duration (days per episode) 2.10+£0.06 2.20+0.06 2.08+0.06 2.08+0.09 0.40 0.01
Secondary diarrhea outcomes:
Incidence of severe diarrhea episodes 0.08+0.01 0.09+0.01 0.08+0.01 0.07+0.01 0.50 0.55
Incidence of dysentery 0.04+0.01 0.04+0.01 0.03+0.01 0.04+0.01 0.57 0.53
Acute lower respiratory tract infection (ALRI):
Total number of ALRI episodes 17 7 11 7
Total number of days with ALRI 38 25 27 23
Incidence (episodes per 100 d at risk) 0.009+0.002 0.004+0.001 0.006+0.002 0.004+0.001  0.14 0.08
Longitudinal prevalence (days with ALRI per 100 days
observed) 0.027+0.013 0.012+0.006 0.015+0.007 0.007+0.004  0.49 0.16
Average duration (days per episode) 2.40+0.41 3.45+0.76 2.35+0.47 2.14+0.67 0.50 0.87
Acute upper respiratory tract infection (AURI)#:
Total number of AURI episodes 167 178 155 187
Total number of days with AURI 709 782 667 830
Incidence (episodes per 100 d at risk) 0.09+0.11 0.10+0.11 0.09+0.11 0.10+0.11 0.72 0.60
Longitudinal prevalence (days with AURI per 100 days
observed) 0.32+0.06 0.46+0.9 0.34+0.06 0.41+0.07 0.45 0.98
Average duration (days per episode) 4.17+0.26 4.17+0.25 4.27+0.26 4.17+0.24 0.99 0.52

MNP — micronutrient powder, PZ — preventive zinc, TZ — therapeutic zinc

*All models adjusted for age, sex, district and respective baseline values.

TP value statistical significance of interaction with continuous age at enrolment measured in months. No other effect modification were observed.
FAcute lower respiratory tract infection (ALRI) defined as constant or severe cough with either wheezing, stridor, or chest in-drawing. Acute upper res-
piratory tract infection (AURI) defined as cough with nasal discharge; Global P-value represents statistical significance of main effect.
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Figure 2. Modifying effect of child age on the responses to therapeutic zinc sup-
plementation for diarrhea, daily preventive zinc supplementation, daily MNP
and placebo on diarrhea incidence and duration among young Laotian children.
TZ — therapeutic zinc, PZ — preventive zinc, MNP — micronutrient powder. All
values adjusted for age, sex, and district. Values with different superscripts are

Similarly in children older than 18 months,
but not younger ones (Figure 2), the av-
erage duration of diarrhea in the TZ group
(1.7+0.06 days) was significantly shorter
than among children in the Control (2.0+0.1,
P=0.03) and PZ groups (2.0+0.1, P=0.03).
No other significant pairwise group differenc-
es in diarrhea incidence and duration were
identified. The age-specific effects on diar-
rhea incidence and duration translated into
similar effects with respect to the longitudi-
nal diarrhea prevalence (Table S1 in the On-
line Supplementary Document). In partic-
ular, the longitudinal prevalence of diarrhea
among children >18 months was lower in the
TZ group (0.74 days per 100 days at risk)
compared to the PZ (1.12 days per 100 days
at risk, P=0.02), the MNP (0.99 days per 100
days at risk, P=0.065) and the Control groups
(1.26 days per 100 days at risk, P=0.002).

In secondary analyses, in which observation

significantly different (P<0.01). s )
days occurring prior to the first treatment

were excluded from analyses in all four in-
tervention groups, TZ significantly reduced the subsequent incidence of diarrhea relative to the Control
group (P<0.01) among children >18 months, but not in the younger children (Table S2 in the Online
Supplementary Document). There were no treatment effects on dysentery or severe diarrhea episodes
(Table 4). There was no evidence that any of the interventions significantly delayed the time to first or
subsequent diarrhea episodes (data not shown).

The incidence of ALRI was low, ranging from 0.004 to 0.009 episodes per 100 days at risk across the four
groups, with no differences among groups (P=0.14; Table 4). The incidence of AURI was also low (av-
erage of~0.095 episodes per 100 days at risk) with no group-wise differences (P=0.72). We observed a
significant age interaction regarding the study group effects on ALRI (P for interaction=0.08). However,
the total number of ALRI events was too small (n=42 ALRI episodes for the entire study duration) to ad-
equately model the age-specific trends.

DISCUSSION

In the present trial, the provision of 20 mg zinc for diarrhea treatment reduced the duration of the diar-
rhea episodes and the incidence of future episodes in older children, but had no significant effects among
younger children. Daily preventive zinc supplements, delivered either as single-nutrient tablets, or as part
of MNP, had no impact on either the incidence or duration of diarrhea. There were no overall treatment
effects on ALRI or AURI in any of the intervention groups. The MNP, containing a low iron dose of 6 mg,
was not associated with an overall increase in diarrhea, ALRI, AURI or any other adverse events.

The WHO and UNICEF recommend the provision of 20 mg zinc as part of diarrhea management [7,33],
and meta-analyses have consistently found a beneficial impact of therapeutic zinc supplementation on
reducing diarrheal duration [5,34]. Specifically, in children 6 months and older, diarrhea treatment with
zinc has been shown to shorten the duration of acute episodes by approximately half a day, and by about
1 day among children showing signs of malnutrition [35]. Thus, the limited impact of TZ on diarrhea
duration (~0.3 days reduction among TZ compared to Control and PZ), which was found only among
children >18 months of age in the present study, was unexpected. This observation may be due in part
to the mild degree of diarrhea severity observed overall in the study population. In particular, the du-
ration of diarrhea observed in this study was considerably shorter (~2 days/episode) than the 3-5 days
typically seen across studies that previously reported a beneficial effect of therapeutic zinc supplemen-
tation regimens [35].
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Thus far, the evidence seems to suggest that therapeutic zinc is only effective in reducing diarrhea du-
ration in older infants and children [36-39]. Our observation of an impact in older children, but not
younger, children is consistent with this pattern. This observation may reflect age-dependent maturation
of the zinc-reactive immune responses to diarrhea or possible protection of more intensive breast feeding
among the younger children [40]. Because the strength of adaptive immune response generally increase
with repeated exposure, it is plausible that the zinc may have elicited a stronger immune response in the
older children [40].

There is little information available on the effect of TZ on the incidence of subsequent episodes of di-
arrhea. Our results are consistent with the study by Baqui et al, which found a 15% reduction in the
subsequent incidence of diarrhea in Bangladeshi children following diarrhea treatment with 20 mg/d
zinc for 14 days [6]. On the other hand, these results differ from those of a study in Kenyan children,

which found no impact of adjunctive zinc therapy (10 mg/d for 10 days during diarrhea episodes) on
the incidence of subsequent diarrhea episodes [41]. A likely reason for the prophylactic benefits ob-
served in this population is that recurring diarrhea episodes closely followed the prior episode. For
instance, among children in the placebo group who had >1 diarrhea episode, roughly 60% of the suc-
cessive episodes occurred within 3 months of the prior episodes, which is within the 2- to 3-month
window during which a prophylactic effect may be conferred by the zinc therapy [6].

Meta-analyses of preventive zinc supplementation trials have consistently shown a reduction in diarrhea
incidence [2,42]. The lack of effect in the PZ in the current study was surprising, especially considering
the high prevalence of zinc deficiency at baseline (>70%). Compared with previous trials conducted in
Asia, our results are inconsistent with a trial conducted in Bangladesh [43], which found a small reduc-
tion in diarrhea incidence in the zinc supplemented group. On the other hand, our results are consistent
with a results from a large trial by Tielsch et al [44], which found no impact of daily preventive zinc
supplementation on the incidence of diarrhea and respiratory infections in 1 to 35 month-old Nepal-
ese children, despite using a higher 10 mg/d dose of zinc for preventive supplementation in a setting
with a relatively higher diarrhea burden. The differences in impact may be explained by a number of
factors, including the dose of zinc used, the underlying zinc status of the population, the prevailing risk
of diarrhea, the age of the study population and possible confounding effects of child feeding practices.

The equivalent daily dose of zinc used in previous trials ranged from~1 mg to 21.4 mg zinc/d, deliv-
ered either daily or intermittently in amounts ranging from 1-70 mg [2]. We chose a preventive dose
of 7 mg zinc per day for the present study because an earlier dose-response study by Wuehler et al
found that the greatest impact on diarrhea occurred with a dose of 6-7 mg zinc/d [45]. Considering
that the therapeutic use of 20 mg zinc in this study was associated with a reduction in diarrhea inci-
dence among older children, it is possible that a higher dose may have been needed in this population.
Alternatvely, it is possible that other factors than the dose of zinc were responsible for the observed
results, as proposed above.

Meta-analyses of previous studies also concluded that preventive zinc supplementation reduced the
incidence of ALRI by 13%-15% [2,42]. A possible explanation for the failure to detect an effect of
preventive zinc supplementation in this study is the methods used to identify ALRI. The previous me-
ta-analyses concluded that the impact on ALRI was detectable only when more specific case defini-
tions were applied, such as physician-assigned or radiologically-based diagnosis, whereas no impact
was found when the case definition was based on parental recall, as was done in the present study
[2,42]. In this study, ALRI and AURI were diagnosed by caregiver recall, which has been shown to be
unreliable in some contexts [46]. However, a further review of the reported ALRI cases showed that
most were accompanied by other indicators of severe disease, including hospital admissions and ele-
vated body temperature, and perhaps suggesting that the children may have experienced respiratory
distress. The prior meta-analyses of preventive zinc supplementation have also concluded that co-ad-
ministration of zinc with other micronutrients, including iron and vitamin A, may reduce or elimi-
nate the impact zinc supplementation on health outcomes [2,16]. Our results in the MNP group are
consistent with this observation. Despite increasing the zinc dose to 10 mg (from the typical 4.1-5
mg/sachet found in conventional formulations), the MNP did not have an impact on diarrhea, ALRI
and AURI. These results are also consistent with a study by McDonald et al which found no effect of
a multiple micronutrient supplementation on diarrhea incidence either [47]. Notably, the latter study

JUNE 2020 + VoL. TONoO. 1 » 010424 10 www.jogh.org * doi: 10.7189/jogh.10.010424



Therapeutic zinc supplementation for diarrhea in Lao

used a capsule containing 5 mg zinc along with 6 other vitamins, but not iron. Thus, the lack of ef-
fect of MNP on morbidity prevention may also be explained by the effects of other MNs on the effi-
cacy of zinc supplementation [48].

Our results differ from several previous MNP trials, which found an increased risk of infections [20,49].
In Pakistani children, Soofi et al reported that daily MNP supplementation was associated with an in-
creased duration of all acute diarrhea as well as bloody diarrhea specifically [20,49]; and in Ghana
Zlotkin et al found a higher rate of hospitalization among children who received MNP, mostly due to
diarrhea and respiratory infections [21]. Both of these studies used an MNP formulation containing
12.5 mg iron per sachet, as opposed to the 6 mg used in the present trial. Furthermore, there is evi-
dence that iron-containing MNP adversely affects the gut microbiome by decreasing the abundance of
non-pathogenic commensal bacterial such as bifidobacteria, while increasing the abundance of patho-

genic E coli [50-52]. We did not assess the gut microbiome in this trial, but if such changes had occurred
in the microbiome of our study population, this did not result in an increased diarrhea incidence. It
is worth mentioning that in a secondary analyses of modifying effects, the MNP was associated with a
small, marginally significant increase in diarrhea among the children with inherited hemoglobin dis-
orders [53]. The presence of hemoglobin variants may disrupt iron utilization [54], but it is not clear
why MNP might increase diarrhea among children with inherited hemoglobin disorders.

Of the plausible explanations for the lack of main effects in this trial, the most likely is perhaps the low
incidence of diarrhea observed in this population. It is estimated that on average, children in settings
similar to our study population experience ~3 episodes of diarrhea episodes per year [5]. In this trial,
children experienced the equivalence of~2 episodes per child-year, assuming uniform transmission
intensity throughout the year. The low burden of diarrhea may also explain the lack of effect on dura-
tion (by the TZ). The duration of diarrhea observed in this study (~2 days/episode) was shorter than
the 3-5 days typically seen across studies that found an effect with <20 mg/d zinc regimen [35]. It is
unlikely that the lack of effect is attributable to non-adherence. In the present trial, reported daily ad-
herence to the preventive supplements was high (~91% overall), and although the reliability of care-
giver reports remain debatable [55], the high adherence reported in this study was confirmed by an
increase in plasma zinc concentrations in the PZ group and increased concentrations of plasma ferritin
and soluble transferrin receptor in the MNP group [32].

The present study has several strengths that support the reliability of the results presented in this pa-
per. First, we implemented the study in a population that had a high prevalence of zinc deficiency at
baseline (>70%), and therefore a presumably greater potential for impact. In addition, we used an indi-
vidual-level randomization design, and we implemented an active disease surveillance protocol where-
by participating families were visited weekly for up to 9 months. We also implemented a rigorous set
of masking procedures throughout the field implementation and data analyses, minimizing potential
investigator-related biases. A potential threat to this blinding protocol is the preventive supplement
type. Dispersible tablets were used for the preventive supplements in the PZ and TZ groups, and pow-
der sachets for the MNP and Control groups. However, because there were two groups of each type of
preventive supplement (ie, tablet or powder), it was not possible to identify the allocation of the indi-
vidual study group.

CONCLUSIONS

In conclusion, the present study provides some support for the use of the therapeutic (but not pre-
ventive) zinc supplementation to reduce the diarrhea burden in older children. However, because
TZ was only beneficial in the older children, other interventions, such as the promotion of adequate
breastfeeding, safe complementary feeding and appropriate hygiene and sanitation practices, are still
needed to prevent diarrhea among infants and young children in this and similar populations. The
lack of impact of PZ on morbidity and growth [32], despite improving plasma zinc status, implies
that daily provision of zinc supplements may not be beneficial to achieve these functional outcomes
in this population. MNP neither showed any benefits nor any adverse effects on the diarrhea bur-
den of young children in the present study; but, as reported previously, had a positive impact on the
micronutrient status [32].
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