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Effects of daily preventive zinc,
daily multiple micronutrient powder
or therapeutic zinc supplementation
for diarrhea on health and nutritional status of Laotian children
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o ANCOVA for continuous outcomes
o Modified Poisson regression for dichotomous outcomes
o Negative binomial for incidence density and duration of diarrhea
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Children screened for
68 ncadunmdng: e —
eclined consent (n=
amofydiogeeuruidiniovand Declined home visit (n=38)
Congenital abnormalities(n=42)
Chronic medical condition/maternal HIV (n=9)
Multiple sibling in same household (n=41)
Age ineligible (n=224)
Severely wasted (n=12)
Severely anemic (n=1)

h 4

Total enrolled
(N=3433)

Twins excluded from
4 analyses (n=26)
Total eligible for
analyses (N=3407)

l l ‘, l

PZ (N=852) TZ (N=851) MNP (N=852) CONTROL (852)
Exited study before Exited study before Exited study before Exited study before
Ly follow-up began |y follow-up began —» follow-up began follow-up began (n=5)
(n=8) (n=3) (n=11)
A 4 A 4 A 4 A 4
Included in analyses Included in analyses Included in analyses Included in analyses

(n=844) (n=848) (n=841) (n=847)
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Baseline characteristics, adherence and attrition [NC
(oucd Variable 61 Value
Uramnew Higodn N 3407# AmugunRvnnFgneSnn ooy
@ Nuwzendsen 91 gy
978 (cO9V) Age (months) 143+ 5.0 it
tOnge Males 51.1 % Reported adherence to daily
2INFMWSWIZUSS Stunting 39.7 % DEVEMINE SUBDIEMETENE WEE
@ . very high (~91%).
(NSN3 Anemia 54.8 % Y high ( °)
2'|ﬂlﬂ'|ﬂ§ljm§ Zinc deficiency* (<65 pg/dL) 75.4 % Attrition was 13%.
NINCNANC Low ferritin* (<12 ug/L) 26.1 %
- o S - # Biomarkers assessed in a sub-set of children
20090 (cu 1)  Thiamine deficiency (<70nmol/L) 58.1 %
29021STuLV (U 2) Riboflavin deficiency (EGRac >1.4) 50.6 % *Plasma zinc and ferritin adjusted for inflammation
- (CRP, AGP) following BRINDA recommendations
2103 TLAN Folate deficiency (<10 nmol/L) 81 %
210 3mdu tw 12 Low/marginal vitamin B, (<221 pmol/L) 6.2 %

EGRac, erythrocyte glutathione reductase activity coefficient
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N
Hemoglobin (g/L)

N

Plasma zinc*
(ng/dL)

Plasma ferritin*
(ng/L)

Soluble transferrin
receptor (mg/L)

Retinol binding
protein* (umol/L)

751
110.6 £ 0.4

145

56.8
(54.7, 58.9)

18.0°
(16.4, 19.7)

10.3 b
(9.9, 10.7)

1.35
(1.31, 1.40)

722 689
110.4+0.4 111.6£0.4
145 138
66.4 2 62.2°
(64.0, 68.9) (59.8, 64.5)
18.9b 26.02
(17.2, 20.7) (2375, Z8.5)
10.2 b 9.52
(9.8, 10.7) (9-1--9-9)
1.33 1.33
(1.28, 1.37) (1.29, 1.38)

726
110.6 £ 0.4

140

56.0 ¢
(53.9, 58.1)

18.4 b
(16.7, 20.1)

10.4 b
(10.0, 10.9)

1.33
(1.29, 1.38)

Mean + SD and geometric mean (95% Cl) after adjusting for baseline concentration, age, sex and district.

Values on same row with different letters are significantly different (p<0.05).

*Plasma zingc, ferritin and retinol binding protein adjusted for inflammation (CRP, AGP).

0.09

<0.001

<0.001

0.02

0.58

Barffour et al, J Peds, 2018


https://pubmed.ncbi.nlm.nih.gov/30580974/
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N 130 130

Erythrocyte thiamine 109.5 109.6 0.980

diphosphate (nmol/L) (100.9, 118.7) (101.1, 118.9)

Erythrocyte glutathione 1.46 1.48 0.314

reductase activity (1.42, 1.49) (1.45, 1.52)

coefficient

Plasma folate (nmol/L) 28.2 19.8 <0.001
(26.6, 29.8) (18.2, 21.5)

Plasma vitamin B, 518.2 521.0 0.874

(pmol/L) (493.3, 543.0) (496.2, 545.9)

Geometric mean (95% Cl) after adjusting for baseline concentration, age, sex and district.
MNP included 0.5 mg thiamine, 0.5 mg riboflavin, 150 pug DFE folic acid, 0.9 ug cyanocobalamin and 11 other micronutrients

Hinnouho et al,


https://pubmed.ncbi.nlm.nih.gov/35534778/
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100

P<0 001 _
90 P-values at endline

P<0.001
I P<0026

Zinc* Ferritin* sTfR Thiamine Riboflavin Folate Vit B12

80

70

6

o

5

o

4

o

3

Prevalence of deficiency (%)
o

2

o

1

o

o

M Baseline MNP  ® Baseline Control ® Endline MNP  m Endline Control

Barffour et al, J Peds, 2018; Hinnouho et al, Eur J Nutr. 2022

Zinc (<65 ug/dL); Ferritin (<12 ug/L); sTfR (>8.3 mg/L); RBP (<0.81 umol/L); Thiamine (<70 nmol/L); Riboflavin (EGRac >1.4); Folate (<10 nmol/L); Vit B, (<221 pmol/L)

*Adjusted for inflammation (CRP, AGP)
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N 848 844 841 847

Days at risk 195,287 190,966 182,659 192,080

Acute diarrhea 0.60 0.60 0.62 0.62 0.90
episodes per +0.03 +0.03 +0.03 +0.03

100 days at risk

Average 2.10 2.20 2.08 2.08 0.40
diarrhea + 0.06 + 0.06 + 0.06 + 0.09

duration per
episode (days)

Mean * SD after adjusting for age, sex and district.

d A s ) Y oo . .
> U0BulunuEunmndgnednnunsnie; No overall main intervention effects on diarrhea outcomes

Barffour et al, J Glob Health, 2020
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Effect on diarrhea incidence Effect on diarrhea duration
(p for age interactions=0.06) (p for age interactions=0.01)
@1 N
~ 4 b N b b
g } b a,b
2 a,b - |
g a
g 2 5
< @ -
™ - <
| </= |18 monthsl , | > |18 monthsl | </=18 months _ | I> 18 month;
Age in months Age in months

MNP Control
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Bars with different letters are significantly different (p<0.05) Barffour et al, J Glob Health, 2020
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Lao Zinc: Publications in peer-reviewed journals

Hinnouho GM, Wessells KR, Barffour MA, Sayasone S, Arnold CD, Kounnavong S, Hess SY. Impact of different strategies for delivering supplemental zinc on selected fecal markers of environmental enteric dysfunction among young Laotian children: a randomized controlled trial. American
Journal for Tropical Medicine and Hygiene, doi: 10.4269/ajtmh.20-0106.

Hinnouho GM, Hampel D, Shahab-Ferdows S, Barffour MA, McAnena L, Arnold CD, Ryan Wessells K, Kounnavong S, Allen LH, McNulty H, Hess SY.
Eur J Nutr. 2022 Oct;61(7):3423-3435. doi: 10.1007/s00394-022-02890-3. Epub 2022 May 9.PMID: 3553477

Hinnouho GM, Bernstein RM, Barffour MA, Arnold CD, Wessells KR, Ratsavong K, Bounheuang B, Kounnavong S, Hess SY. Impact of two forms of daily preventive zinc or therapeutic zinc supplementation for diarrhea on hair cortisol concentrations among rural Laotian children: a randomized
controlled trial. Nutrients, 2019, 11: 47; doi:10.3390/nu11010047.

Hinnouho GM, Barffour MA, Wessells KR, Brown KH, Kounnavong S, Chanhthavong B, Ratsavong K, Kewcharoenwong C, Hess SY. Comparison of haemoglobin assessments by HemoCue® and by automated hematology analysers in young Laotian children.
Journal of Clinical Pathology, 2017;0:1—7. doi:10.1136/jclinpath-2017-204786.

Wessells KR, Brown KH, Arnold CD, Barffour MA, Hinnouho GM, Killilea DW, Kounnavong S, Hess SY. Plasma and nail zinc concentrations, but not hair zinc, respond positively to two different forms of preventive zinc supplementation in young Laotian children:
a randomized community trial. Biological Trace Element Research, doi.org/10.1007/s12011-020-02163-2 .

Wessells KR, Hinnouho GM, Barffour MA, Arnold CD, Kounnavong S, Kewcharoenwong C, Lertmemongkolchai G, Schuster GU, Stephensen CB, Hess SY . Im
.Am J Trop Med Hyg. 2020 Feb;102(2):415-426. doi: 10.4269/ajtmh.19-0584.PMID: 31889508

Wessells KR, Brown KH, Kounnavong S, Barffour MA, Hinnouho GM, Sayasone S, Ratsavong K, Stephensen C, Larson CP, Arnold CD, Harding KB, Reinhart GA, Lertmemongkolchai G, Fucharoen S, Bernstein RM, Hess SY. .
. BMC Nutrition, 2018: 4:39.

https://doi.org/10.1186/s40795-018-0247-6
Hess SY, Hinnouho GM, Barffour MA, Bounheuang B, Arnold CD, Bell D, Marts TH, Kounnavong S. First field test of an innovative, wider tape to measure mid-upper arm circumference. Food Nutr Bull, 2018;39:28-38. doi: 10.1177/0379572117742502.

Hess SY, Wessells KR, Hinnouho GM, Barffour MA, Sanchaisuriya K, Arnold CD, Brown KH, Larson CP, Fucharoen S, Kounnavong S.
BrJ Nutr. 2019 Oct 28;122(8):895-909. doi: 10.1017/S0007114519001715.PMID: 31303184

Kingchaiyaphum B, Sanchaisuriya K, Fucharoen G, Chaibunruang A, Hess SY, Hinnouho GM, Barffour MA, Wessells KR, Kounnavong S, Fucharoen S. Hemoglobins F, A2 , and E levels in Laotian children aged 6-23 months with Hb E disorders: Effect of age,
sex, and thalassemia types. International Journal of Laboratory Hematology. 2020 Feb 12. doi: 10.1111/ijlh.13164.

Kewcharoenwong C, Schuster GU, Wessells KR, Hinnouho GM, Barffour MA, Kounnavong S, Brown KH, Hess SY, Samer W, Tussakhon I, Lertmemongkolchai G, Peerson JM, Stephensen CB. Daily preventive zinc supplementation decreases lymphocyte and
eosinophil concentrations in rural Laotian children from communities with a high prevalence of zinc deficiency: results of a randomized controlled trial. Journal of Nutrition, 2020. doi:

Barffour MA, Hinnouho GM, Kounnavong S, Wessells KR, Ratsavong K, Bounheuang B, Chanhthavong B, Sitthideth D, Sengnam K, Arnold CD, Brown KH, Larson CP, Hess SY.
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