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Abstract:  

Objectives: 

Supplemental zinc during acute diarrhea reduces illness duration but also increases vomiting. In 

a recent trial, we found that children receiving lower daily doses of zinc (5 mg or 10 mg vs. 20 

mg) had lower rates of vomiting with comparable stool output and duration of 

diarrhea.  We performed a secondary analysis to identify sociodemographic and clinical factors 

associated with vomiting in children with acute diarrhea.  

Methods 

We performed a secondary data analysis of 4500 children aged 6-59 months with an acute 

episode of diarrhea (< 72 hours before enrollment) in a randomized, double-blind controlled trial 

in India and Tanzania. To identify clinically important risk factors for overall, regimen-related 

and regimen-unrelated vomiting, we created log-binomials models with relative risks (RRs) and 

95% confidence intervals (CIs). 

Results 

The trial enrolled 4500 children of whom 1203 (26.7%) had any vomiting. After adjusting for 

multiple demographic and clinical characteristics, presence of dehydration (RR 1.45, CI 1.10 – 

1.92), being underweight (RR 1.22, CI 1.05 – 1.41), receipt of the rotavirus vaccine (RR 1.89, CI 

1.69 – 2.12), and household wealth above the median (RR 1.17, CI 1.07 – 1.29) were factors 

associated with an increased risk of vomiting. Older age and lower zinc dosing were associated 

with a lower risk of vomiting.  

Conclusions 

Young, underweight or dehydrated children are more likely to have concurrent vomiting with 

zinc supplementation. Identification of these factors may allow providers to better monitor such 

children, thus reducing the chances of recurrent dehydration or inadequate dietary intake.    



  



What is known: 

• Zinc supplementation during acute diarrhea improves outcomes but can lead to vomiting. 

 

• Lower daily dose (5 or 10 mg vs. 20 mg) of zinc reduces vomiting rates. 

 

What is new: 

• Among 4500 children with acute diarrhea in India and Tanzania, vomiting was noted in 

more than one quarter. 

 

• Children who were younger, dehydrated, underweight, had received the rotavirus 

vaccine, who had families with higher wealth or who received 20 mg zinc daily were all 

independently more likely to have vomiting during an episode of diarrhea. 

 

  



 

 

Introduction:   

Diarrheal illness is a significant cause of morbidity and mortality worldwide, ranking as 

the fifth leading cause of mortality for children younger than five years of age 1–3. Despite 

substantial improvements in diarrhea mortality rates following the introduction of oral 

rehydration solution in the 1960s and 70s, the current morbidity burden4,5 demonstrates an 

ongoing need for the development of new and revised treatment approaches6,7. Since 2004, the 

World Health Organization and UNICEF have recommended supplemental zinc in children with 

diarrheal illness (20 mg per day of zinc for children older than 6 months for 10-14 days and 10 

mg per day for infants under six months old)8 since supplemental zinc during acute diarrheal 

episodes has been found to reduce the duration of illness9,10 and the risk of persistent 

diarrhea10,11. Adherence to this recommendation has been suboptimal, with under 50% treatment 

adherence estimated in a cohort in India12. 

Zinc, meanwhile, is a known gastric irritant. High-dose zinc ingestion can present with 

epigastric pain, nausea, and vomiting13. Zinc supplementation is associated with an increased 

risk of vomiting9,13,14, complicating its utility during a diarrheal illness that may include vomiting 

as one of its symptoms. Notably, the dosages recommended by the WHO/UNICEF (10 mg/day 

for children under 6 months of age and 20 mg/day for children older) greatly exceed the US 

Recommended Dietary Allowances (RDAs) for zinc (2 mg/day for 0 – 6-month-olds, and 3 

mg/day between 7 months and 3 years of age)15. A Cochrane review found with moderate 

certainty that zinc supplementation increased the risk of vomiting in children with acute diarrhea 

(RR = 1.57 [1.32 – 1.86] compared with placebo in 2605 subjects enrolled in 6 trials16.  



We completed a randomized trial (the Zinc Therapeutic Dosing Trial (ZTDT) – 

NCT03078842) that determined that lower daily doses of zinc (5 mg and 10 mg) in children 

older than 6 months with acute diarrhea offered the advantages of a reduced risk of vomiting 

(relative risks of 0.71 and 0.81, respectively) but was non-inferior with respect to stool output 

and duration of diarrhea compared to the standard dose of 20 mg17. The ZTDT constituted a 

large multi-national cohort of children with diarrheal illness who were closely monitored during 

zinc supplementation and follow-up. We hypothesized that risk factors for vomiting beside the 

receipt of supplemental zinc existed, and performed this secondary analysis to examine which 

sociodemographic and clinical risk factors were associated with vomiting in children with acute 

diarrhea. Identifying these factors might help providers and caregivers to stratify the risk for the 

development of vomiting (and therefore, the associated risks of inadequate oral intake, 

dehydration, and/or lower adherence to zinc supplementation) during diarrheal illness.  

 

Methods:  

We performed a secondary data analysis of 4500 children aged 6-59 months with an 

acute episode of diarrhea who had been enrolled in a two-center randomized, double blind 

controlled trial in India and Tanzania. The study sites were peri-urban areas of Delhi and Dar es 

Salaam, respectively. The trial’s protocol and main results have been published17,18. Children 

with diarrheal illness who presented to outpatient health facilities in India and Tanzania were 

screened and enrolled by the trial team, with selection meant to approximate a general pediatric 

population presenting with diarrhea to an ambulatory care setting. 

Children aged 6 to 59 months having diarrhea (defined as three or more loose or watery 

stools in the past 24 hrs) for less than 72 hrs, or dysentery (defined as diarrhea with visible 



blood) were included in the study. Participants were also required to have caregivers provide 

written informed consent and have a high likelihood of staying nearby the study area for the 

duration of the study. Children with severe acute malnutrition, severe dehydration, or other signs 

of severe or clinically unstable illness were excluded from the study, as were individuals who 

had previously enrolled in the trial, were actively enrolled in another clinical trial or who had 

used zinc supplements in the 72-hour period prior to enrollment17.  

Data collection: 

All participants received standard of medical care throughout the trial and were followed 

for 14 days of zinc administration. Blood specimens for plasma zinc were collected twice 

throughout the study. Symptoms (diarrhea, vomiting, fever, cough, etc.) and anthropometric data 

(weight, height, weight-for-length/height) were measured throughout the 60-day study period.  

Several clinical and sociodemographic variables were extracted from the trial’s dataset 

for use in this analysis. Clinical factors included child age, prior receipt of rotavirus vaccine, 

dehydration status, axillary temperature, respiratory rate, presence of intercurrent illness, 

breastfeeding status, and plasma zinc concentration. (The parent trial was designed to only obtain 

blood for zinc measurement in ~1/3rd of subjects.) Sociodemographic factors included family 

socioeconomic status, maternal education, household water quality, household sanitation quality, 

study site, and child sex. 

The trial received ethical approval by the WHO Ethics Review Committee, the 

institutional review board of Boston Children’s Hospital, the Tanzania Food and Drug Authority, 

the Tanzanian National Institute of Medical Research, the Muhimbili University of Health and 

Allied Sciences, Dar es Salaam, and the institutional ethics committee of Subharti Medical 



College and Hospital, Meerut, India17.  Caretakers of all enrolled children signed written 

informed consent forms.  

Outcome variables:  

The primary outcome for this analysis was the n (%) of participants with vomiting (at any 

point) throughout the study period.  Vomiting was defined as the forceful expulsion of stomach 

contents, as opposed to gastro-esophageal reflux, or “spitting up” which was defined as effortless 

regurgitation. Secondarily, vomiting was considered as zinc-related when it was noted within 30 

minutes of supplement administration and as non-zinc-related when it occurred more than 30 

minutes after supplement administration. Caregiver report via daily written diary provided all 

reports of vomiting (both zinc-related and non-zinc-related) occurrences except for day 1 zinc-

related vomiting, which was measured by direct observation17.  

Statistical analysis: 

Baseline subject characteristics were summarized using means and standard deviations 

(SD) for continuous variables and frequency (percentage) for categorical variables. We used log-

binomial models to examine the associations of vomiting at any time, vomiting within 30 

minutes and vomiting outside 30 minutes of zinc administration with potential risk factors. Risk 

ratios and 95% confidence intervals (CIs) were used to assess the associations. Risk factors with 

P value <0.05 in univariable analyses were entered into multivariable analysis.  Covariates 

considered in the analysis included both sociodemographic (e.g. maternal age, maternal 

education, age, sex, etc.) and clinical (e.g. prior receipt of rotavirus vaccination, duration of 

diarrhea before study enrollment, presence of dehydration, dysentery, fever, or tachypnea; prior 

use of antibiotics, etc.) categories. Two-tailed p-values <0.05 were considered significant. All 

statistical analyses were performed using SAS version 9.4 (SAS Institute). 



 

Results:  

The cohort was divided evenly by study site (n=2250 each) and by intervention arm (5 

mg, 10 mg, and 20 mg) groups (Table 1). The mean (SD) age of participants at the time of 

randomization was 23 (14.9) months with a roughly even distribution by sex (47.9% female).  

The mothers of study participants were in their late 20s on average with 7 years being the 

average length of maternal education (Table 1). The most frequent duration of diarrhea was 

between 24 and 48 hours (82.5%), with an average of 6 stools in the 24h hours preceding 

enrollment (Table 1). In the Tanzanian cohort 2235 (99.3%) were vaccinated against rotavirus, 

whereas only 3/2250 (0.001%) of the Indian children were vaccinated (Table 1). The average 

plasma zinc concentration at enrollment was 73.5 µg/dl for the 29.1% of participants who had 

this information recorded. Out of that group, 37.6% had a plasma zinc concentration <65 µg/dl at 

enrollment.  

Of the 4500 children enrolled, 26.7% (n=1208) were noted to have vomiting at any point 

during the trial; 16.2% (n=728) had zinc-related vomiting (within 30 minutes of zinc 

administration) and 23.2% (n=1037) had vomiting outside the 30-minute time period. The 

proportion of participants reporting any vomiting was 11.3% on the first day (6.5% reported as 

zinc-related) (Supplemental Figure 1). Vomiting became less common as the day of illness 

progressed, with a 50% decline in proportion of vomiting by day 3 (5.7% had any vomiting and 

3.0% had zinc-related vomiting) and 75% decline by day 7. Generally, rates of vomiting 

underwent the highest rates of decline in the first five days, with slow resolution across the rest 

of the 14-day study. 



The univariate analysis for the occurrence of any vomiting during the study period 

revealed that longer duration of diarrhea before enrollment (>48 hours), dehydration, fever 

(>38°C), tachypnea (>40 breaths/minute), previous use of antibiotic agent, prior receipt of the 

rotavirus vaccine, household wealth index above the median, and breastfeeding before 

enrollment were all associated with higher relative risk of developing any vomiting (Table 2). 

The 5 mg and 10 mg intervention arms were associated with a lower risk of vomiting, as was 

older age (12-24 months and 24-60 months compared to 6-12 months), being underweight at 

enrollment and being stunted at enrollment.  

After adjusting for multiple clinical and sociodemographic characteristics and treatment 

arm, presence of dehydration (RR 1.45, CI 1.10 – 1.92), being underweight at enrollment (RR 

1.22, CI 1.05 – 1.41), prior receipt of the rotavirus vaccination (RR 1.89, CI 1.69 – 2.12), and 

household wealth above the median (RR 1.17, CI 1.07 – 1.29) were associated with a higher 

relative risk of developing any vomiting throughout the duration of the study period (Table 2). 

Older age (12-24 months RR 0.83, CI 0.74 – 0.93; 24-60 months, RR 0.50, CI 0.42 – 0.60), and 

lower zinc dosing (5 mg intervention arm RR 0.73, CI 0.65 – 0.82; 10 mg intervention arm RR 

0.84, CI 0.75 – 0.93) were associated with a lower relative risk of vomiting. 

Comparing zinc-related and non-zinc-related vomiting (whether or not the vomiting 

occurred within 30 minutes of zinc administration), there were several shared risk factors 

associated with a higher risk of any vomiting (presence of dehydration, being underweight, 

previous use of an antibiotic agent, prior receipt of the rotavirus vaccination, randomization arm) 

and a lower risk of vomiting (older age) (Tables 3 and 4). In none of these analyses was 

improved water or sanitation markers associated with a higher risk of vomiting.  

 



Discussion:   

In this secondary analysis of a large, multicenter clinical trial of children with acute 

diarrheal illness receiving zinc supplementation, vomiting affected more than a quarter of 

children after enrollment, and gradually declined over the course of the 14-day follow-up. 

Multiple clinical (prior receipt of rotavirus vaccination, underweight status, presence of 

dehydration) and sociodemographic (younger age, household wealth) risk factors were 

associated with higher relative risk of vomiting. Of note, when stratified by zinc-related and non-

zinc-related vomiting, the study demonstrated only prior use of an antibiotic agent as an 

additional risk factor associated with increased risk of vomiting in the zinc-related vomiting 

cohort.  

Prior studies aiming to identify risk factors for vomiting in diarrheal illness have been 

sparse. Most studies identifying risk factors for the development of vomiting have focused on 

post-operative or chemotherapy-associated vomiting19,20, with few papers examining the 

relationship between various risk factors and the development of vomiting within the context of 

acute diarrhea. Several studies examined risk factors associated with the severity of diarrheal 

illness21–23, however, the isolated impact of those risk factors on vomiting has not been clearly 

defined. A large cohort study of children presenting with vomiting in the absence of diarrhea 

demonstrated that only 54.6% of cases identified a pathogenic microbial agent24, with the 

majority of those with an identified pathogen being viral (51.7% of cases). However, no 

association was made between additional risk factors (other than microbial agent) and the 

development of vomiting in those illness episodes24.  

Of note, one study conducted in Ethiopia demonstrated that vomiting was associated with 

the withholding of fluid by caretakers within the context of pediatric diarrheal illness25. 



However, other risk factors were not identified. The withholding of fluids may be associated 

with dehydration, which correlates with our finding of dehydration as a significant risk factor for 

the occurrence of vomiting, although the causal nature of that relationship is unknown.  

Zinc supplementation has been noted to be a risk factor for the development of vomiting 

in diarrheal illness13,14,26, especially in high doses. This has likely resulted in lower treatment 

adherence rates, as the side effect of vomiting potentially counters the benefit of improved 

diarrheal symptoms and may act as a disincentive for caretakers to provide an intervention that 

causes vomiting. The findings of the Zinc Therapeutic Dosing Trial17 that lower dose zinc was 

non-inferior to standard dose but safer (i.e., lower risk of vomiting) is likely to change global 

recommendations for zinc dosing in diarrhea27. This is helpful to consider, alongside the finding 

in this study that prior use of antibiotics was associated with increased likelihood of vomiting. 

This could represent a generalized aversion of medications by some children (resulting in 

vomiting)28, or could be specific to the antibiotics used in diarrheal illness (such as 

metronidazole), some of which are known to cause side effects of nausea and vomiting29. 

This analysis also demonstrates that vomiting appeared to be more prevalent in the first 

3-5 days of diarrheal illness, with a sharp reduction in the proportion of study participants 

reporting vomiting noted from day one compared to day six. These findings could have 

implications for the recommendations for zinc supplementation dosing during diarrheal illness, 

as well as for the counseling of families administering nutritional interventions for children with 

diarrheal illness. Given the lower prevalence of vomiting after five days observed in this large 

cohort, this time course can be used to describe the natural history of vomiting (both within and 

outside of the context of zinc supplementation) within diarrheal illness for expectation-setting 

with caregivers.  



Limitations from this study include the difficulty of clearly distinguishing between zinc-

related and non-zinc-related causes of vomiting. The study used a cutoff of 30 minutes after zinc 

administration as the distinction between zinc-related and non-zinc-related vomiting. However, 

since one pharmacokinetic study of oral zinc administration suggests peak plasma concentration 

at 2 hours30, the 30-minute time frame may have underestimated the prevalence of zinc-related 

vomiting. The study also did not quantify the volume of gastric fluid loss via vomiting, which 

may have led to variation in the classification of an event as vomiting because different 

caregivers may have different definitions of vomiting (e.g. large volume vomiting episode versus 

“spit-up” versus vomiting immediately after medication administration). Further, although the 

sociodemographic risk factors in this study help elucidate potential health-related social needs 

associated with increased risk of vomiting, the risk factors were not comprehensive. Additional 

health-related social needs, such as health care access and quality (insurance status, distance 

from nearest health center, etc.), and social and community context could elucidate further 

factors altering the risk for development of vomiting. Lastly, data surrounding the 

enteropathogen causing diarrheal illness were not collected in this study, which could have 

augmented the understanding of different risk factors for vomiting. The differential exposure to 

rotavirus vaccine between the two sites may well have altered the enteropathogens associated 

with illness in the cohort 24,31. Since rotavirus vaccine receipt was strongly correlated with study 

site, the former can be considered as a proxy for the latter. The near 100% concordance of the 

variables did not allow us to run multivariable models in which both variables were included due 

to lack of convergence. As a result, although we can speculate that rotavirus vaccination receipt 

differences between study sites was responsible for the differences in occurence of vomiting 



between the two sites, we cannot isolate the effect of vaccination status from that of study site in 

our current analysis.  

In summary, younger, smaller, dehydrated infants are at higher risk of vomiting during 

episodes of diarrhea treated with zinc supplementation. Since vomiting is also a risk factor for 

dehydration, identifying children at higher risk of vomiting in the setting of zinc supplementation 

can help clinicians determine which children are at highest risk of dehydration and/or inadequate 

intake and provide appropriate caregiver guidance and counseling. These findings could also 

promote cost-effective use of urgent and emergent care settings by improving the triaging ability 

for primary care clinicians counseling families on the decision whether to report for care in those 

settings. Further research on the enteropathogen causing diarrheal illness and associated 

vomiting in children might improve the quality of evidence around this common problem.  

 

Acknowledgements: 

 

The authors express their gratitude to the external scientific reviewers of the proposal, for their 

valuable inputs, which led to important improvements in the study protocol. The authors 

appreciate the willingness of the DSMB members Dr William MacLeod (Chair), Dr Mario 

Gheri, Dr Godwin D Ndossi, Professor Rosalind Gibson and Professor Nita Bhandari to provide 

external study oversight. Additionally authors would like to acknowledge the India core field, 

data management and lab team: Dr. Pratibha Dixit, Dr. Aishwarya Chauhan, Vishi Saxena, 

Sanjay Kaushik, Vinod, Kumar, Manoj Kumar, Anita Rani and Arvind Sharma and Tanzanian 

study core team: Dr. Kristina Lugangira, Dr. Abraham Samma, Sr. Juliana Mghamba, Sr. 

Veneranda Ndesangia, Upendo Kibwana, Cecilia Msemwa, Zachariah Mtulo, Salmin Baleche 

and all the site staff for their support and hard-work in setting up of field and laboratory systems, 

piloting testing and SOP development.  



References: 

 

1. GBD 2016 Causes of Death Collaborators. Global, regional, and national age-sex specific 

mortality for 264 causes of death, 1980-2016: a systematic analysis for the Global Burden of 

Disease Study 2016. Lancet Lond Engl. 2017;390(10100):1151-1210. doi:10.1016/S0140-

6736(17)32152-9 

2. Black RE, Cousens S, Johnson HL, et al. Global, regional, and national causes of child 

mortality in 2008: a systematic analysis. Lancet Lond Engl. 2010;375(9730):1969-1987. 

doi:10.1016/S0140-6736(10)60549-1 

3. GBD 2016 Diarrhoeal Disease Collaborators. Estimates of the global, regional, and 

national morbidity, mortality, and aetiologies of diarrhoea in 195 countries: a systematic analysis 

for the Global Burden of Disease Study 2016. Lancet Infect Dis. 2018;18(11):1211-1228. 

doi:10.1016/S1473-3099(18)30362-1 

4. Santosham M, Daum RS, Dillman L, et al. Oral Rehydration Therapy of Infantile 

Diarrhea. N Engl J Med. 1982;306(18):1070-1076. doi:10.1056/NEJM198205063061802 

5. Mahalanabis D, Choudhuri AB, Bagchi NG, Bhattacharya AK, Simpson TW. Oral fluid 

therapy of cholera among Bangladesh refugees. Johns Hopkins Med J. 1973;132(4):197-205. 

6. Reiner RC, Wiens KE, Deshpande A, et al. Mapping geographical inequalities in 

childhood diarrhoeal morbidity and mortality in low-income and middle-income countries, 

2000–17: analysis for the Global Burden of Disease Study 2017. Lancet. Published online 2020. 

doi:10.1016/S0140-6736(20)30114-8 

7. Hartman RM, Cohen AL, Antoni S, et al. Risk Factors for Mortality Among Children 

Younger Than Age 5 Years With Severe Diarrhea in Low- and Middle-income Countries: 

Findings From the World Health Organization-coordinated Global Rotavirus and Pediatric 

Diarrhea Surveillance Networks. Clin Infect Dis Off Publ Infect Dis Soc Am. 2022;76(3):e1047-

e1053. doi:10.1093/cid/ciac561 

8. WHO/UNICEF. Clinical management of acute diarrhoea. Rep No WHOFCHCAH 047. 

2004;Geneva: World Health Organization. 

9. Patel A, Mamtani M, Dibley MJ, Badhoniya N, Kulkarni H. Therapeutic Value of Zinc 

Supplementation in Acute and Persistent Diarrhea: A Systematic Review. PLOS ONE. 

2010;5(4):e10386. doi:10.1371/journal.pone.0010386 

10. Lukacik M, Thomas RL, Aranda JV. A Meta-analysis of the Effects of Oral Zinc in the 

Treatment of Acute and Persistent Diarrhea. Pediatrics. 2008;121(2):326-336. 

doi:10.1542/peds.2007-0921 

11. Bhutta ZA, Bird SM, Black RE, et al. Therapeutic effects of oral zinc in acute and 

persistent diarrhea in children in developing countries: pooled analysis of randomized controlled 

trials. Am J Clin Nutr. 2000;72(6):1516-1522. doi:10.1093/ajcn/72.6.1516 

12. Lamberti LM, Walker CLF, Taneja S, Mazumder S, Black RE. Adherence to zinc 

supplementation guidelines for the treatment of diarrhea among children under–five in Uttar 

Pradesh, India. J Glob Health. 2015;5(2):020410. doi:10.7189/jogh.05.020410 

13. Fosmire GJ. Zinc toxicity. Am J Clin Nutr. 1990;51(2):225-227. 

doi:10.1093/ajcn/51.2.225 

14. Patro B, Golicki D, Szajewska H. Meta-analysis: zinc supplementation for acute 

gastroenteritis in children. Aliment Pharmacol Ther. 2008;28(6):713-723. doi:10.1111/j.1365-

2036.2008.03787.x 



15. Office of Dietary Supplements - Zinc. Accessed October 21, 2023. 

https://ods.od.nih.gov/factsheets/Zinc-HealthProfessional/ 

16. Lazzerini M, Wanzira H. Oral zinc for treating diarrhoea in children. Cochrane Database 

Syst Rev. 2016;(12). doi:10.1002/14651858.CD005436.pub5 

17. Dhingra U, Kisenge R, Sudfeld CR, et al. Lower-Dose Zinc for Childhood Diarrhea — A 

Randomized, Multicenter Trial. N Engl J Med. 2020;383(13):1231-1241. 

doi:10.1056/NEJMoa1915905 

18. Somji SS, Dhingra P, Dhingra U, et al. Effect of dose reduction of supplemental zinc for 

childhood diarrhoea: study protocol for a double-masked, randomised controlled trial in India 

and Tanzania. BMJ Paediatr Open. 2019;3(1):e000460. doi:10.1136/bmjpo-2019-000460 

19. Gan TJ. Risk Factors for Postoperative Nausea and Vomiting. Anesth Analg. 

2006;102(6):1884. doi:10.1213/01.ANE.0000219597.16143.4D 

20. Mosa ASM, Hossain AM, Lavoie BJ, Yoo I. Patient-Related Risk Factors for 

Chemotherapy-Induced Nausea and Vomiting: A Systematic Review. Front Pharmacol. 

2020;11. Accessed February 15, 2023. 

https://www.frontiersin.org/articles/10.3389/fphar.2020.00329 

21. Alam NH, Faruque ASG, Dewan N, Sarkar SA, Fuchs GJ. Risk Factors for Severe 

Persistent Diarrhoea. J Pediatr Gastroenterol Nutr. 1998;27(2):254. Accessed February 15, 

2023. 

https://journals.lww.com/jpgn/Fulltext/1998/08000/RISK_FACTORS_FOR_SEVERE_PERSIS

TENT_DIARRHOEA.74.aspx 

22. Randremanana RV, Razafindratsimandresy R, Andriatahina T, et al. Etiologies, Risk 

Factors and Impact of Severe Diarrhea in the Under-Fives in Moramanga and Antananarivo, 

Madagascar. PLOS ONE. 2016;11(7):e0158862. doi:10.1371/journal.pone.0158862 

23. Yilgwan CS, Okolo SN. Prevalence of diarrhea disease and risk factors in Jos University 

Teaching Hospital, Nigeria. Ann Afr Med. 2012;11(4):217. doi:10.4103/1596-3519.102852 

24. Freedman SB, Xie J, Lee BE, et al. Microbial Etiologies and Clinical Characteristics of 

Children Seeking Emergency Department Care Due to Vomiting in the Absence of Diarrhea. 

Clin Infect Dis Off Publ Infect Dis Soc Am. 2021;73(8):1414-1423. doi:10.1093/cid/ciab451 

25. Mediratta RP, Feleke A, Moulton LH, Yifru S, Sack RB. Risk Factors and Case 

Management of Acute Diarrhoea in North Gondar Zone, Ethiopia. J Health Popul Nutr. 

2010;28(3):253-263. Accessed February 13, 2023. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2980890/ 

26. Lazzerini M, Ronfani L. Cochrane review: Oral zinc for treating diarrhoea in children. 

Evid-Based Child Health Cochrane Rev J. 2009;4(4):1351-1417. doi:10.1002/ebch.459 

27. World Health Organization. Stakeholder consultative meeting on prevention and 

management of childhood pneumonia and diarrhoea report. Published online October 12, 2021. 

https://iris.who.int/bitstream/handle/10665/352846/9789240046702-eng.pdf?sequence=1 

28. Mennella JA, Beauchamp GK. Optimizing oral medications for children. Clin Ther. 

2008;30(11):2120-2132. doi:10.1016/j.clinthera.2008.11.018 

29. Quiros-Buelna E. Furazolidone and Metronidazole for Treatment of Giardiasis in 

Children. Scand J Gastroenterol. 1989;24(sup169):65-69. doi:10.3109/00365528909091335 

30. Bajait C, Thawani V. Role of zinc in pediatric diarrhea. Indian J Pharmacol. 

2011;43(3):232-235. doi:10.4103/0253-7613.81495 



31. Hagbom M, Istrate C, Engblom D, et al. Rotavirus Stimulates Release of Serotonin (5-

HT) from Human Enterochromaffin Cells and Activates Brain Structures Involved in Nausea and 

Vomiting. PLOS Pathog. 2011;7(7):e1002115. doi:10.1371/journal.ppat.1002115 

 

  



Table 1. Baseline Characteristics of 4500 Children with Diarrhea Enrolled in a Clinical Trial of 

Zinc Supplementation.            

 

 

n (%) or mean 

[SD] 

Enrollment country  

-    India 2250 (50.0)  

-    Tanzania 2250 (50.0) 

Zinc intervention arms  

-    5 mg 1504 (33.4) 

-    10 mg 1498 (33.3) 

-    20 mg 1498 (33.3) 

Mother's age, years 26.8 [5.0] 

Mother's Education, years 7.2 [4.1] 

Maternal education >7 years 1990 (44.8) 

Household wealth above median 2270 (50.5) 

Child age in months at randomization 23.0 [14.9] 

Age group at randomization  

-    6 to <12 mo 1256 (27.9) 

-    12 to <24 mo 1477 (32.8) 

-    24 to <60 mo 1767 (39.3) 

Child female sex 2155 (47.9) 

Breastfeeding on day before enrollment 2586 (57.6) 

Rotavirus vaccination 2238 (49.8) 

Duration of diarrhea before enrollment  

-    =< 24 hr 165 (3.7) 

-    25 to 48 hr 3714 (82.5) 

-    49 to <72 hr 621 (13.8) 

Number of loose or watery stools the child passed in previous 24 hours 5.7 [2.1] 

Dysentery 167 (3.7) 

Some dehydration 56 (1.2)  

Axillary temperature >38°C 122 (2.7) 

Observed respiratory rate >40 breaths/min 255 (5.7)  



 

n (%) or mean 

[SD] 

Cough or difficulty breathing 1267 (28.2) 

Vomiting everything at enrollment 3 (0.1) 

Ear pain at enrollment 23 (0.5) 

Previous use of antibiotic agent 96 (2.1) 

Weight-for-age z-score (WAZ) -1.2 [1.1] 

Length/height-for-age z-score (HAZ) -1.3 [1.2] 

Weight-for-length/height z-score (WLZ) -0.7 [1.0] 

Mid–upper-arm circumference for age z score -0.8 [1.0] 

Underweight at enrollment (WAZ < -2) 1034 (23.0) 

Stunted at enrolment (HAZ < -2) 1188 (26.4) 

Wasted at enrolment (WLZ < -2) 407 (9.0) 

Improved water# 4455 (99.2) 

Improved sanitation$ 4463 (99.4) 

Plasma zinc concentration at enrollment, µg/dl 73.5 [24.9] 

Plasma zinc concentration at enrollment <65 µg/dl 492 (37.6) 

  Values of polytomous variables may not sum to 100% due to rounding. 

   

  # WHO/UNICEF Joint Monitoring Programme definition that included piped water, boreholes 

or tubewells, protected dug wells, protected springs, rainwater, and packaged or delivered water 

https://washdata.org/monitoring/drinking-water (accessed May 24, 2020) 

  $ WHO/UNICEF Joint Monitoring Programme definition that included flush/pour flush to piped sewer 

system, septic tanks or pit latrines; ventilated improved pit latrines, composting toilets or pit latrines with 

slabs https://washdata.org/monitoring/sanitation (accessed May 24, 2020) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
Table 2. Risk factors of any vomiting during study period (n=4500) 

 

   Univariate   Multivariate 

Variables n/N (%) Risk Ratio P value   Risk Ratio P value 

Rotavirus vaccination received 
  

   

No 397/2259 (17.6%)        Ref. 
 

 Ref.  

Yes 806/2238 (36.0%) 2.05 (1.85, 2.28) <0.001  1.89 (1.69, 2.12) <0.001 

Maternal age >25 years     

No 576/2114 (27.3%) Ref. 
 

   

Yes 623/2346 (26.6%) 0.97 (0.88, 1.07) 0.60    

Maternal education >7 years    

No 668/2455 (27.2%) Ref. 
 

   

Yes 525/1990 (26.4%) 0.97 (0.88, 1.07) 0.54    

Child age, months  
  

   

6 to <12 461/1256 (36.7%) Ref. 
 

 Ref.  

12 to <24  457/1477 (30.9%) 0.84 (0.76, 0.94) 0.002  0.83 (0.74, 0.93) 0.001 

24 to <60 285/1767 (16.1%) 0.44 (0.39, 0.50) <0.001  0.50 (0.42, 0.60) <0.001 

Child sex  
  

   

Female 566/2155 (26.3%) Ref. 
 

   

Male 637/2345 (27.2%) 1.03 (0.94, 1.14) 0.50    

Household wealth index above median     

No 544/2221 (24.5%) Ref. 
 

 Ref.  

Yes 659/2270 (29.0%) 1.19 (1.08, 1.31) 0.001  1.17 (1.07, 1.29) <0.001 

Breastfeeding before enrollment    

No 382/1904 (20.1%) Ref.     

Yes 820/2586 (31.7%) 1.58 (1.42, 1.76) <0.001  1.05 (0.92, 1.20) 0.48 

Duration of diarrhea before enrollment 
 

   

<=24 hours 40/165 (24.2%) Ref. 
 

 Ref.  

25 to 48 hours 962/3714 (25.9%) 1.07 (0.81, 1.41) 0.64  1.01 (0.77, 1.32) 0.93 

49 to <72 hours 201/621 (32.4%) 1.34 (1.00, 1.79) 0.05  0.93 (0.70, 1.25) 0.63 

Dysentery  
  

   

No 1151/4330 (26.6%) Ref. 
 

   

Yes 51/167 (30.5%) 1.15 (0.91, 1.45) 0.25    

Dehydration  
  

   

No 1178/4444 (26.5%) Ref. 
 

 Ref.  

Yes 25/56 (44.6%) 1.68 (1.25, 2.26) <0.001  1.45 (1.10, 1.92) 0.01 

Axillary temperature >38°C 
 

   

No 1159/4378 (26.5%) Ref. 
 

 Ref.  

Yes 44/122 (36.1%) 1.36 (1.07, 1.73) 0.01  1.20 (0.94, 1.53) 0.15 

Observed respiratory rate >40 breaths/min    

No 1102/4242 (26.0%) Ref. 
 

 Ref.  



   Univariate   Multivariate 

Variables n/N (%) Risk Ratio P value   Risk Ratio P value 

Yes 101/255 (39.6%) 1.52 (1.30, 1.79) <0.001  0.90 (0.76, 1.07) 0.24 

Cough or difficulty breathing    

No 883/3233 (27.3%) Ref. 
 

   

Yes 320/1267 (25.3%) 0.92 (0.83, 1.03) 0.16     

Previous use of antibiotic agent    

No 1163/4395 (26.5%) Ref. 
 

 Ref.  

Yes 40/96 (41.7%) 1.57 (1.24, 2.01) <0.001  1.20 (0.95, 1.51) 0.12 

Plasma zinc concentration at enrollment < 65µg/dl    

No 189/817 (23.1%) Ref. 
 

   

Yes 136/492 (27.6%)  1.19 (0.99, 1.44) 0.07      

Intervention arms       

5 mg 344/1504 (22.9%) 0.73 (0.65, 0.82) <0.001  0.73 (0.65, 0.82) <0.001 

10 mg 390/1498 (26.0%) 0.83 (0.74, 0.93) 0.002  0.84 (0.75, 0.93) 0.001 

20 mg 469/1498 (31.3%) Ref.     

Underweight at enrollment     

No 952/3466 (27.5%) Ref.   Ref.  

Yes 251/1034 (24.3%) 0.88 (0.78, 1.00) 0.04  1.22 (1.05, 1.41) 0.008 

Stunted at enrollment     

No 942/3311 (28.5%) Ref.   Ref.  

Yes 260/1188 (21.9%) 0.77 (0.68, 0.87) <0.001  0.94 (0.81, 1.09) 0.43 

Wasting at enrollment      

No 1098/4093 (26.8%) Ref.     

Yes 105/407 (25.8%) 0.96 (0.81, 1.14) 0.66    

Improved water       

No 12/36 (33.3%) Ref.     

Yes 1191/4455 (26.7%) 0.80 (0.50, 1.28) 0.35    

Improved sanitation       

No 8/28 (28.6%) Ref.     

Yes 
1195/4463 (26.8%) 0.94 (0.52, 1.69) 0.83  

 

 
 

Risk factors associated with any vomiting (zinc- or non-zinc-related) throughout the study 

period, with all variables/factors included in univariate analysis and only variables with p<0.05 

included in the multivariate analysis.  

 

 

 

 

 

 

  



 
Table 3. Risk factors of zinc-related vomiting (within 30 min after zinc administration) during 

study period (n=4500) 

 

   Univariate   Multivariate 

Variables n/N (%) Risk Ratio P value   Risk Ratio P value 

Rotavirus vaccination received 
  

   

No 182/2256 (8.1%)        Ref. 
 

 Ref.  

Yes 546/2238 (24.4%) 3.03 (2.59, 3.54) <0.001  2.72 (1.35, 5.47) 0.005 

Maternal age >25 years    

No 334/2114 (15.8%) Ref. 
 

   

Yes 392/2346 (16.7%) 1.06 (0.93, 1.21) 0.41    

Maternal education >7 years    

No 415/2455 (16.9%) Ref. 
 

   

Yes 306/1990 (15.4%) 0.91 (0.79, 1.04) 0.17    

Child age, months  
  

   

6 to <12 305/1256 (24.3%) Ref. 
 

 Ref.  

12 to <24  272/1477 (18.4%) 0.76 (0.66, 0.88) <0.001  0.75 (0.64, 0.87) <0.001 

24 to <60 151/1767 (8.6%) 0.35 (0.29, 0.42) <0.001  0.49 (0.38, 0.62) <0.001 

Child sex  
  

   

Female 353/2155 (16.4%) Ref. 
 

   

Male 375/2345 (16.0%) 0.98 (0.85, 1.12) 0.72    

Household wealth index above median     

No 337/2221 (15.2%) Ref. 
 

   

Yes 391/2270 (17.2%) 1.14 (0.99, 1.30) 0.07    

Breastfeeding before enrollment    

No 202/1904 (10.6%) Ref.   Ref.  

Yes 525/2586 (20.3%) 1.91 (1.65, 2.23) <0.001  1.23 (1.02, 1.50) 0.03 

Duration of diarrhea before enrollment 
 

   

<=24 hours 20/165 (12.1%) Ref. 
 

 Ref.  

25 to 48 hours 571/3714 (15.4%) 1.27 (0.84, 1.93) 0.26  1.19 (0.78, 1.81) 0.41 

49 to <72 hours 137/621 (22.1%) 1.82 (1.18, 2.82) 0.007  1.12 (0.72, 1.74) 0.62 

Dysentery  

  
   

No 695/4330 (16.1%) Ref. 
 

   

Yes 33/167 (19.8%) 1.23 (0.90, 1.68) 0.19    

Dehydration  

  
   

No 712/4444 (16.0%) Ref. 
 

 Ref.  

Yes 16/56 (28.6%) 1.78 (1.17, 2.71) 0.007  1.42 (0.94, 2.16) 0.10 

Axillary temperature >38°C 
 

   

No 702/4378 (16.0%) Ref. 
 

   

Yes 26/122 (21.3%) 1.33 (0.94, 1.88) 0.11    

Observed respiratory rate >40 breaths/min    

No 660/4242 (15.6%) Ref. 
 

 Ref.  



   Univariate   Multivariate 

Variables n/N (%) Risk Ratio P value   Risk Ratio P value 

Yes 68/255 (26.7%) 1.71 (1.38, 2.13) <0.001  0.84 (0.67, 1.05) 0.13 

Cough or difficulty breathing    

No 549/3233 (17.0%) Ref. 
 

 Ref.  

Yes 179/1267 (14.1%) 0.83 (0.71, 0.97) 0.02  1.06 (0.91, 1.23) 0.48 

Previous use of antibiotic agent    

No 698/4395 (15.9%) Ref. 
 

 Ref.  

Yes 30/96 (31.3%) 1.97 (1.45, 2.67) <0.001  1.42 (1.06, 1.91) 0.02 

Plasma zinc concentration at enrollment < 65µg/dl    

No 99/817 (12.1%) Ref. 
 

 Ref.  

Yes 81/492 (16.5%) 1.36 (1.04, 1.78)         0.03   0.94 (0.72, 1.23)  0.64 

Intervention arms       

5 mg 206/1504 (13.7%) 0.71 (0.60, 0.84)      <0.001  0.71 (0.61, 0.83) <0.001 

10 mg 233/1498 (15.6%) 0.81 (0.69, 0.94) 0 .007  0.81 (0.69, 0.94) 0.007 

20 mg 289/1498 (19.3%) Ref.     

Underweight at enrollment     

No 598/3466 (17.3%) Ref.   Ref.  

Yes 130/1034 (12.6%) 0.73 (0.61, 0.87) <0.001  1.06 (0.85, 1.33) 0.58 

Stunted at enrollment     

No 582/3311 (17.6%) Ref.   Ref.  

Yes 146/1188 (12.3%) 0.70 (0.59, 0.83) <0.001  1.04 (0.84, 1.29) 0.75 

Wasting at 

enrollment 
      

No 669/4093 (16.3%) Ref.     

Yes 59/407 (14.5%) 0.89 (0.69, 1.13) 0.34    

Improved water       

No 9/36 (25.0%) Ref.     

Yes 719/4455 (16.1%) 0.65 (0.37, 1.14) 0.13    

Improved sanitation       

No 5/28 (17.9%) Ref.     

Yes 723/4463 (16.2%) 0.91 (0.41, 2.01) 0.81    

Risk factors associated with zinc-related vomiting (within 30 minutes of zinc administration) 

throughout the study period, with all variables/factors included in univariate analysis and only 

variables with p<0.05 included in the multivariate analysis.  

 

  



Table 4. Risk factors of non-zinc related vomiting (>30 min after zinc administration) during study 

period (n=4474) 

 

   Univariate   Multivariate 

Variables  Risk Ratio P value   Risk Ratio P value 

Rotavirus vaccination received 
 

   

No 300/2243 (13.4%)        Ref. 
 

 Ref.  

Yes 737/2228 (33.1%) 2.47 (2.19, 2.79) <0.001  1.58 (0.58, 4.30) 0.38 

Maternal age >25 years     

No 485/2104 (23.1%) Ref. 
 

   

Yes 548/2338 (23.4%) 1.02 (0.91, 1.13) 0.76    

Maternal education >7 years    

No 588/2445 (24.1%) Ref. 
 

   

Yes 439/1982 (22.2%) 0.92 (0.83, 1.03) 0.14    

Child age, months  
  

   

6 to <12 399/1247 (32.0%) Ref. 
 

 Ref.  

12 to <24  396/1470 (26.9%) 0.84 (0.75, 0.95) 0.004  0.83 (0.74, 0.94) 0.004 

24 to <60 242/1757 (13.8%) 0.43 (0.37, 0.50) <0.001  0.54 (0.45, 0.65) <0.001 

Child sex  
  

   

Female 484/2140 (22.6%) Ref. 
 

   

Male 553/2334 (23.7%) 1.05 (0.94, 1.17) 0.39    

Household wealth index above median     

No 470/2212 (21.3%) Ref. 
 

 Ref.  

Yes 567/2261 (25.1%) 1.18 (1.06, 1.31) 0.003  1.17 (1.06, 1.30) 0.002 

Breastfeeding before enrollment*    

No 331/1897 (17.5%) Ref.   Ref.  

Yes 706/2575 (27.4%) 1.57 (1.40, 1.77) <0.001  1.06 (0.92, 1.23) 0.40 

Duration of diarrhea before enrollment 
 

   

<=24 hours 33/164 (20.1%) Ref. 
 

 Ref.  

25 to 48 hours 827/3694 (22.4%) 1.11 (0.82, 1.52) 0.50  1.03 (0.77, 1.38) 0.86 

49 to <72 hours 177/616 (28.7%) 1.43 (1.03, 1.98) 0.03  0.89 (0.65, 1.22) 0.48 

Dysentery  
  

   

No 994/4305 (23.1%) Ref. 
 

   

Yes 42/166 (25.3%) 1.10 (0.84, 1.43) 0.50    

Dehydration  
  

   

No 1016/4420 (23.0%) Ref. 
 

 Ref.  

Yes 21/54 (38.9%) 1.69 (1.21, 2.37) 0.002  1.39 (1.01, 1.92) 0.04 

Axillary temperature >38°C 
 

   

No 998/4352 (22.9%) Ref. 
 

 Ref.  

Yes 39/122 (32.0%) 1.39 (1.07, 1.82) 0.01  1.07 (0.84, 1.37) 0.60 

Observed respiratory rate >40 breaths/min    

No 941/4219 (22.3%) Ref. 
 

 Ref.  

Yes 96/252 (38.10%) 1.71 (1.45, 2.02) <0.001  0.96 (0.80, 1.14) 0.63 



   Univariate   Multivariate 

Variables  Risk Ratio P value   Risk Ratio P value 

     

Cough or difficulty breathing    

No 774/3216 (24.1%) Ref. 
 

 Ref.  

Yes 263/1258 (20.9%) 0.87 (0.77, 0.98) 0.03  1.07 (0.95, 1.20) 0.28 

Previous use of antibiotic agent    

No 1000/4378 (22.8%) Ref. 
 

 Ref.  

Yes 37/95 (39.0%) 1.71 (1.32, 2.21) <0.001  1.28 (1.00, 1.64) 0.048 

Plasma zinc concentration at enrollment < 65µg/dl    

No 164/811 (20.2%) Ref. 
 

 Ref.  

Yes 122/492 (24.8%) 1.23 (1.00, 1.51) 0.05   0.91 (0.75, 1.11)  0.35 

Intervention arms       

5 mg 301/1496 (20.1%) 0.74 (0.65, 0.85) <0.001  0.75 (0.67, 0.85) <0.001 

10 mg 333/1488 (22.4%) 0.83 (0.73, 0.94) 0.003  0.84 (0.74, 0.94) 0.003 

20 mg 403/1490 (27.1%) Ref.     

Underweight at enrollment     

No 823/3447 (23.9%) Ref.   Ref.  

Yes 214/1027 (20.8%) 0.87 (0.76, 1.00) 0.045  1.28 (1.10, 1.48) 0.001 

Stunted at enrollment     

No 826/3292 (25.1%) Ref.   Ref.  

Yes 210/1181 (17.8%) 0.71 (0.62, 0.81) <0.001  0.89 (0.76, 1.04) 0.13 

Wasting at enrollment      

No 947/4068 (23.3%) Ref.     

Yes 90/406 (22.2%) 0.95 (0.79, 1.15) 0.61    

Improved water       

No 11/36 (30.6%) Ref.     

Yes 1026/4437 (23.1%) 0.76 (0.46, 1.24) 0.27    

Improved sanitation       

No 8/28 (28.6%) Ref.     

Yes 1029/4445 (23.2%) 0.81 (0.45, 1.46) 0.48    

Risk factors associated with any non-zinc-related vomiting (vomiting occurred more than 30 

minutes after zinc administration) throughout the study period, with all variables/factors included 

in univariate analysis and only variables with p<0.05 included in the multivariate analysis.  

 

 

 

 

 

 

 

 



Supplemental Figure 1: 

 

 

 
 

Proportion of children who reported vomiting (all vomiting, zinc-related and non-zinc-related) 

by day throughout the study period. 

 
 


