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Abstract
Background: Zinc deϐiciency has been identiϐied as a contributing factor to poor appetite, impaired immune function, and various gastrointestinal 

disturbances in young children. 

Objective: To assess the effect of zinc supplementation on vomiting status in anorexic children. 

Methods: A randomized, controlled, single-blinded clinical trial. Fifty vomiting anorexic children (3–36 months old) without infection and gastro-
intestinal outlet obstructions were selected on admission to the nutrition recovery center: 25 (supplemented, S group) received 10mg/child daily of 
elemental zinc supplementation as gluconate with iron and vitamins of supplemental dosage, and 25 (non-supplemented, NS group) received a similar one 
but without zinc for 90 days. All children were also observed during a 90-day post-supplementation period, one child of the S group and four children of the 
NS group dropped out. On days 7, 10, and 15 the vomiting status was assessed. On days 0 and 30, the levels of energy intake and weight gain were measured. 
On days 0 and 90, serum zinc levels were also measured. 

Results: On days 7, 10, and 15, the healed proportions of the vomiting children were signiϐicantly higher (83.3% vs. 0.0%; 87.5% vs. 4.8% and 95.5% 
vs. 19%) in the S group than that in the NS group (p < 0.001 for each). On day 30, the levels of energy intake (108 ± 20 vs. 82 ± 16 Kcal/kg/day) and weight 
gain (414   120 vs. 248 ± 102 g/child/mo) were signiϐicantly higher in the S group than in the NS group (p < 0.001 for each). Serum zinc levels (μg/dl) were 
signiϐicantly higher (76.8 ± 8.4 vs. 71.2 ± 6.3, p < 0.05) in the S group than in the NS group on day 90. 

Conclusion: This study supports the role of zinc in protracted vomiting not due to gastro-intestinal outlet obstructions in anorexic children, while 
pointing out the need for large studies.
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addressing the underlying causes of vomiting is crucial in 
treatment, but in many cases, the cause remains unclear, 
leading to symptom-based treatment and frequent relapses. 
Therefore, determining the root cause of vomiting is essential 
for effective management.

Zinc plays a vital biological role in reducing vomiting 
through its inϐluence on various molecular and cellular 
mechanisms. Zinc is a cofactor for numerous enzymes, such 

Background

Vomiting is a common symptom with various underlying 
causes. It is essential to consider organic diseases, especially 
when vomiting is prolonged or severe [1]. Vomiting can 
also be indicative of serious gastrointestinal disorders [2]. 
In children, prolonged vomiting can signiϐicantly hinder 
the intake of energy and nutrients, leading to malnutrition 
and potentially severe complications [3]. Identifying and 
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as carbonic anhydrase, alkaline phosphatase, and alcohol 
dehydrogenase [4], which are critical for maintaining cellular 
function, metabolism, and acid-base balance. Its involvement 
in regulating ion channels and stabilizing cellular membranes 
further enhances its protective role in gastrointestinal health 
[5]. Zinc also exerts an anti-inϐlammatory effect by modulating 
cytokine production and immune response, which may help 
alleviate irritation and inϐlammation of the gastrointestinal 
lining-a potential contributor to vomiting [6]. Additionally, zinc 
is known to inϐluence neurotransmitter function, particularly 
serotonin and dopamine, which are involved in the vomiting 
reϐlex. By stabilizing these neurotransmitter pathways, zinc 
may help in reducing nausea and vomiting [7].

During our observation of digestive disorders in anorexic 
children, we noted that those who experienced vomiting 
showed rapid improvement in both vomiting and anorexia 
symptoms following zinc supplementation [8]. This 
observation aligns with prior research demonstrating the 
efϐicacy of zinc supplementation in reducing vomiting episodes 
in children with acute diarrhea [9]. These ϐindings suggest that 
zinc's effects may extend beyond diarrhea to other vomiting-
associated conditions. Consequently, we conducted this study 
to investigate the effect of zinc supplementation on prolonged 
vomiting in anorexic children.

Methods

Study population characteristics

A randomized, controlled, single-blinded clinical trial was 
conducted at the Rehabilitation Center for Malnourished 
Children in Ho Chi Minh City, Vietnam. Fifty children aged 
3–36 months with a history of vomiting and anorexia lasting 
over a week were enrolled. Children with acute infections or 
gastrointestinal obstructions were excluded.

The study targeted children aged 3–36 months with 
symptoms of vomiting and anorexia lasting at least one week. 
A key inclusion criterion was borderline zinc deϐiciency, 
deϐined by serum zinc levels in the range of 60–70 μg/dL, as 
this range indicates a risk for metabolic dysfunctions while 
not necessitating immediate medical intervention for severe 
deϐiciency [10]. Zinc deϐiciency is particularly common 
in children from low-income settings due to diets high in 
phytates and low in bioavailable zinc, as well as limited intake 
of animal-based protein [11,12].

On day 0 of the study, the children were assessed for 
vomiting duration, anorexia, and nutritional status using 
weight-for-age Z scores (WAZ) and height-for-age Z scores 
(HAZ), based on the growth reference data from the National 
Center for Health Statistics (NCHS) of the USA [4]. Length (for 
children under 24 months) or standing height (for children 
over 24 months) and weight were measured by the same 

individual. Length and height were recorded in centimeters 
using an infant meter, while weight was recorded in kilograms 
using a pediatric scale. Height was measured on day 0, and 
weight was measured on days 0 and 30.

Sample size and rationale: The sample size was 
determined based on the prevalence of zinc deϐiciency 
in the target population and the anticipated effects of 
supplementation on vomiting cessation. The limited sample 
size was due to logistical constraints but was sufϐicient for 
statistical validity. Borderline zinc-deϐicient children were 
identiϐied using serum zinc levels (<70 mg/dL).

Anorexia: For quality, the child had manifestations of 
eating and sucking refusal; for quantity, food intake was 
decreased compared with the one before [5].

Sleep disorders: These include difϐiculty falling asleep, 
frequent awakenings (≥ 3 times per night), insomnia, crying 
at night, and a reduction in total sleep duration compared to 
normal previous sleep patterns [6].

Diagnosis of zinc de iciency in children: Zinc deϐiciency 
is diagnosed when serum zinc concentration is below 70 mg/
dL [7].

Energy intake: The energy intake of the subjects was 
estimated using the twenty-four-hour recall method over 
three consecutive days [8]. Standard measuring tableware 
items, such as bowls, plates, glasses, spoons, and feeding 
bottles of various sizes, were used to assist mothers in 
accurately describing the quantity of food consumed by the 
child, excluding any portions that were vomited. Breast milk 
intake was estimated based on the excretory quantity of milk 
in breastfeeding mothers in Vietnam and other developing 
countries [13]. Foods were converted into their raw, uncooked 
equivalents, and the energy values were calculated using the 
"A Food Products in Vietnam Composition and Nutritive Value 
Table" [14].

Enzymatic activity as a marker

Zinc is a cofactor in over 300 enzymes critical to various 
metabolic pathways. In this study, the following zinc-
dependent enzymes were used as biomarkers to validate the 
intervention:

- Alkaline phosphatase (ALP): Facilitates dephosphory-
lation, critical in bone metabolism and cellular 
regulation.

- Carbonic anhydrase: Regulates pH balance and 
inϐluences digestive function.

- Superoxide dismutase (SOD): Provides antioxidant 
defense by neutralizing reactive oxygen species.
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- Vitamin C (20 mg): Promotes zinc absorption and 
provides antioxidant protection.

- Vitamin B complex (B6 and B12): Supports energy 
metabolism and neurological health.

The multi-micronutrient approach aimed to address 
common nutritional deϐiciencies without confounding the 
speciϐic effect of zinc on vomiting.

Serum zinc measurement

Serum zinc levels were measured in all children at the 
beginning of the study and on day 60 using differential pulse 
polarography with stripping. This method is noted for its 
accuracy, high sensitivity, and selectivity, and it allows for 
the detection of elements in small serum samples (0.5 - 1 
ml) using the 746 VA Trace Analyzer from Metrohm Ltd., CH-
9101 Herisau, Switzerland. Serum samples were obtained by 
centrifuging 1 ml of serum from 3 ml of blood drawn from a 
peripheral vein. The serum samples were then stored at -20 
°C until they were analyzed by the Department of Analytical 
Chemistry, University of Natural Sciences.

Statistical analysis

The mean ± standard deviation (s.d.) of WAZ (weight-
for-age Z-score), HAZ (height-for-age Z-score), vomiting 
duration (in months), and vomiting frequency (per day) were 
calculated on day 0. The percentage of vomiting cessation in 
both groups was assessed using a t-test for two proportions 
on days 7, 10, and 15. A sign test was used to compare pre- and 
post-supplementation values within the S group after 7 days. 
A Student's t-test was employed to compare the mean ± s.d. of 
energy intake and weight gain between the two groups on day 
30, and serum zinc levels were assessed on day 90. A p-value 
of < 0.05 was considered statistically signiϐicant. Statistical 
analysis was performed on an IBM-compatible computer 
using the Epi Info version 6.0 program. 

Ethical approval

The study was conducted under the Declaration of Helsinki 
and approved by the Institutional Review Board (IRB) of the 
Rehabilitation Center for Malnourished Children and Support 
for Handicapped Children (No. 0129/CMS-HĐYĐ) before 
ofϐicial data collection. All study participants provided written 
informed consent, and their information was kept conϐidential 
and solely used for research purposes.

Results

Forty-ϐive subjects completed the study, while ϐive subjects 
withdrew for various reasons: two families moved to other 
provinces (one from the S group and one from the NS group), 
and three parents in the NS group voluntarily withdrew their 
children, believing that the vomiting had decreased. On day 0, 

The baseline and post-intervention activities of these 
enzymes were assessed to conϐirm the physiological impact of 
zinc supplementation.

Design

The subjects were randomly assigned to two groups: a 
supplemented group (S group) that received an oral dose of 10 
mg/child of elemental zinc daily, along with iron and vitamins 
in supplemental dosages, and a non-supplemented group 
(NS group) that received a similar regimen but without zinc. 
Vomiting was assessed on days 7, 10, and 15. Serum zinc levels 
were measured on days 0 and 90. Anthropometric measures 
(weight gain and energy intake) were recorded on days 0 and 
30. Throughout the study, all children were monitored by one 
physician and two nurses, and they were re-examined on days 
7, 10, and 15, as well as monthly and whenever unexpected 
illness occurred. The research protocol applied from the 
Department of Pediatrics, University of Medicine and Pharmacy, 
as well as the Rehabilitation Center for Malnourished Children 
and Support for Handicapped Children. All measurements 
were conducted using standardized procedures to ensure 
consistency.

Rationale for zinc dosage: The study administered 10 mg 
of elemental zinc per day in the form of zinc gluconate. This 
dosage was selected based on established safe and effective 
levels for young children with borderline deϐiciency, as it 
optimizes serum zinc restoration while minimizing potential 
side effects like nausea or gastrointestinal upset [15]. The 
supplementation period lasted 90 days to allow for observable 
changes in both enzymatic activity and clinical outcomes.

Supplementation

The zinc-treated subjects (S group) received a daily 
supplement of 10 mg of elemental zinc in the form of gluconate, 
along with iron and vitamins at supplemental dosages. The 
control subjects (NS group) received a similar supplement, 
minus the zinc, over 90 consecutive days. The supplements 
were prepared as powdered forms mixed with sugar and 
packaged into two types of packets: "B" containing zinc and "A" 
without zinc. Mothers were instructed to add a small amount 
of water to the powder before administration.

Supplement Composition

The zinc supplement contained:

- Zinc (10 mg/child/day as gluconate): Essential for 
enzymatic and immune functions.

- Iron (5 mg): To address coexisting risks of iron 
deϐiciency anemia.

- Vitamin A (400 IU): Enhances epithelial integrity and 
immune responses.
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there were no signiϐicant differences between the zinc group 
and the control group regarding the study variables. The 
mean ± SD of the anthropometric indices, energy intake, and 
serum zinc levels were low, indicating malnutrition among the 
subjects. Additionally, the mean ± SD duration of vomiting was 
prolonged in both groups. Zinc deϐiciency was present in 71% 
of the subjects. Furthermore, the subjects exhibited symptoms 
of jitteriness and sleep disorders (Table 1). On days 7, 10, and 
15, the proportions of subjects with resolved vomiting were 
signiϐicantly higher in the S group compared to the NS group 
(83.3% vs. 0.0%, 87.5% vs. 4.8%, 95.5% vs. 19.0%, respectively, 
p < 0.001 for each; Table 2).

A comparison before and after 7 days of zinc 
supplementation in the zinc-treated subjects, using the sign 
test, demonstrated that zinc supplementation had a signiϐicant 
effect on 88% of vomiting cases (with 83% of cases fully 
healed and 5% showing a decrease in symptoms), reaching 
a 99% conϐidence level. In contrast, no changes (0%) were 
observed in the control group during the same period. During 
the treatment process, three cases of vomiting recurred due to 
respiratory infections, but these resolved once the infections 
were treated. After three months, 10 children in the Non-
Supplemented (NS) group still experienced vomiting, which 
was resolved after 12 days of zinc supplementation. On day 
30, the mean ± standard deviation of energy intake (108 ± 
20 vs. 82 ± 16, p < 0.001) and weight gain (414 ± 120 vs. 248 
± 102, p < 0.001) in the zinc-supplemented (S) group were 
signiϐicantly higher than in the NS group (Table 3). 

In the ϐinal study, due to psychological concerns among 
some parents about their children losing blood, seventeen 
mothers refused to have their child’s blood drawn a second 
time. However, the initial characteristics of the children, 
regardless of whether their zinc levels were measured at the 
second time point, did not differ signiϐicantly. On day 90, the 
serum zinc levels of the remaining participants in the S group 
were signiϐicantly higher than those in the NS group (76.8 ± 
8.4 vs. 71.2 ± 6.3 mg/dl, p < 0.05) (Table 4).

Discussion
The study results showed that zinc supplementation not 

only improved food intake and weight gain among the subjects, 
consistent with the ϐindings of previous studies [16-18] but 
also alleviated vomiting. The subjects whose serum zinc levels 
were measured were representative of the entire study group, 
suggesting that the observed changes in zinc levels could be 
generalized to the whole group. Although the ϐinal serum 
zinc levels of the subjects returned to the normal range, they 
were slightly lower than those reported in other studies [19-
21], possibly due to the initially low serum zinc levels in our 
subjects. Additionally, zinc deϐiciency in the subjects was likely 
a contributing factor to the anorexia and decreased energy 
intake observed [22,23].

Additionally, most of the subjects in this study belong 
to poor families, similar to the majority of children in 
the Vietnamese countryside, where they lack adequate 
breastfeeding [24-26]. This issue is compounded by the 
consumption of supplementary foods that are low in energy 
and animal protein, the latter being a primary source of zinc. 
Furthermore, the high intake of rice and vegetables, which are 
rich in phytates and ϐibers, can hinder zinc absorption and is 
consistent with the presence of infectious diseases [27,28]. 
The ϐindings suggest that zinc supplementation is necessary 
for these subjects. Although our observations indicated that 
zinc supplementation alleviated vomiting, the underlying 
mechanism remains unclear. However, considering zinc's 
biological functions, it is plausible that the vomiting observed 
may be linked to zinc deϐiciency, potentially related to the 
jitteriness symptom of zinc deϐiciency [10,11]. The associated 
sleep disturbances might also be a manifestation of this 
deϐiciency [29].

Table 1: Characteristics of the study group on admission.

Characteristics S Group
n = 24

NS group
n = 21

%Female 46.6 47.6
Age (month) 20.7 ± 10.6* 21.6 ± 10.9
Weight (kg) 7.3 ± 1.1 7.4 ± 1.2
Height (cm) 74.5 ± 6.1 74.9 ± 6.3

WAZ -2.89   0.64 -2.85 ± 0.72
HAZ -3.05   1.10 -3.01 ± 098

Vomiting duration (month) 7.2 ± 4.4 7.4 ± 4.9
Vomiting time/day 3.0 ± 0.8 3.1 ± 0.9

Energy intake (Kcal/kg/day)n 64.6 ± 22.1 65.1 ± 22.4
%Sleep disordern 62.5 61.9

* X  ± SD

Table 2: The healed effect of zinc supplementation on vomiting.
The proportions of 

vomiting was healed
S Group
n = 24

NS Group
n = 21 p

% healed after 1 week 83.3 0.0* < 0.001
% healed after 10 days 87.5 4.8 < 0.001
% healed after 15 days 95.5 19.0 < 0.001

* This comparison was adjusted according to the Vander Waarden formula to compare 
when one in two proportions is 0% (13)

Table 3: Effect of zinc supplementation on energy intake and weight gain.

After a treated-zinc month S Group
n = 24

NS Group
n = 21 p

Energy intake (Kcal/Kg/d) 108 ± 20* 82 ± 16 < 0.001
Weight gain (g/child/mo.) 414 ± 120 248 ± 102 < 0.001

* X  ± SD

Table 4: Effect of zinc supplementation on serum levels (μg/dl)(1).

 The study days S Group
n = 16(*)

NS group
n = 12(*) p

0 67.5 ± 6.6 (2) 68.1 ± 6.4 ns
90 76.8 ± 8.4 71.2 ± 6.3 < 0.05

(1) Serum zinc levels of the healthful children that were in the same age group in the study 
subjects = 80.4 ± 8.8 μg/dl. (2) X  ± SD. (*): Although only half of the total participants had 
day 90 measurements due to blood draw refusals, baseline characteristics conϐirmed 
representativeness. NS (non-signiϐicant).
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Zinc is involved in the activity of over 300 enzymes essential 
for various metabolic processes, including crucial peptidases 
in the digestive tract and enzymes necessary for protein 
synthesis, where zinc acts as a catalyst [30-31]. Additionally, 
zinc inϐluences the activity of important hormones involved 
in metabolism, such as insulin, growth hormone, thyroxin, 
testosterone, and insulin-like growth factor-1 [15,32,33]. 
Therefore, zinc deϐiciency may impair metabolic processes, 
potentially causing stagnation in the digestive tract due to 
reduced enzyme activity and inϐluencing the functions of 
the aforementioned hormones [34]. Vomiting in these cases 
might be a response to relieve stagnation and irritation in 
the stomach, and it may also be a manifestation of jitteriness 
in the subjects. The observed improvement in vomiting 
following zinc supplementation could be due to the reduction 
of jitteriness and the restoration of enzyme activity [12,35]. 
Previous studies have demonstrated that zinc supplementation 
can restore the activity of zinc-dependent enzymes, leading to 
increased absorption of lipids and proteins [36-40].

Zinc supplementation improved vomiting, nutritional 
intake, and weight gain in anorexic children, aligning with prior 
studies. Zinc’s role in enzyme activity and hormone regulation 
likely contributed to these outcomes. Despite promising 
results, the study’s limitations include a small sample size and 
lack of long-term follow-up. Future research should explore 
zinc’s toxic effects and investigate optimal dosages.

Limitations and future directions

Limited sample size necessitates caution in generalizing 
results. Future studies should assess long-term impacts 
and zinc toxicity at higher doses. Also, investigations into 
the precise mechanisms of zinc’s effects on vomiting are 
warranted.

Conclusion

This study demonstrated that zinc supplementation 
signiϐicantly reduces vomiting frequency and improves 
appetite, energy intake, and weight gain in anorexic children 
with prolonged vomiting. Zinc's role in restoring enzymatic 
activity and addressing borderline deϐiciency highlights 
its therapeutic potential. We recommend routine zinc 
supplementation (10 mg/day) for children with similar 
clinical proϐiles, particularly in settings with high deϐiciency 
prevalence. Future research should explore the long-term 
effects of zinc on digestive health and its interplay with other 
micronutrients.
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