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Abstract 

Background Aflatoxins are regarded as the most potent genotoxic and carcinogenic type of mycotoxins. This meta‑
analysis was performed to investigate a the relation of aflatoxin B1 (AFB1) to growth measurements of infants/chil‑
dren, including wasting, underweight, stunting, as well as weight‑for‑age (WAZ), height‑for‑age (HAZ), and weight‑
for‑height (WHZ) z‑scores.

Methods Electronic databases of PubMed, Web of Science, and Scopus were searched to identify related pub‑
lications. Effect sizes for associations were pooled using the random effects analysis. Subgroup analysis by study 
design, method used to assess AFB1, and adjustment for covariateswas performed to detect possible sources 
of heterogeneity.

Results Pooled analysis of available data showed that AFB1 exposure was negatively associated growth z‑scores, 
including WHZ (β = ‑0.02, 95%CI = ‑0.07 to 0.03), with WAZ (β = ‑0.18, 95%CI = ‑0.33 to ‑0.02), and HAZ (β = ‑0.17, 
95%CI = ‑0.30 to ‑0.03) in infants/children. There was a remarkable heterogeneity among studies on WAZ and HAZ 
(P ≤ 0.001). In prospective cohort studies, AFB1 exposure was found to be significantly associated with the elevated 
risk of underweight (OR = 1.20, 95%CI = 1.03 to 1.40) and stunting (OR = 1.21, 95%CI = 1.11 to 1.33).

Conclusions This meta‑analysis highlighted the importance of AFB1 exposure as a potential risk factor for growth 
impairment in infants/children.
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Background
Produced by filamentous  fungi, mycotoxins, are low-
molecular-weight metabolites representing a public 
health concern worldwide. The global prevalence of 
mycotoxin contamination of food crops is estimated 
between 60 and 80% [1]. Aflatoxins (AFs) are regarded 
as the most potent genotoxic and carcinogenic  type of 
mycotoxins mainly produced by  Aspergillus flavus and 
Aspergillus parasiticus. These toxic metabolites could 
mostly flourish in food products such as rice, maize, 
groundnuts, legumes, and other grains, especially in trop-
ical and subtropical regions, when crops are under stress 
(e.g. drought) or poor storage conditions (e.g. humidity) 
[2]. There are four main aflatoxin chemotypes  (B1,  B2,  G1, 
and  G2), among which aflatoxin  B1   (AFB1) is the most 
frequent and carcinogenic analog [3]. Chronic exposure 
to  AFB1 could pose several adverse effects on the human 
body since upon its ingestion, AFB1 could convert to 
highly reactive metabolites  i.e. exo-AFB1 8, 9-epoxide. 
If not detoxified, these compounds could bind to deox-
yribonucleic acid (DNA) or protein molecules such as 
albumin, leading to immune suppression [4], hepatocel-
lular carcinoma [5], and childhood growth impairment 
[6]. AFB1 can be measured using various analyses, such 
as enzyme-linked immunosorbent assay (ELISA), high-
performance liquid chromatography (HPLC), thin layer 
chromatography (TLC), and isotope dilution mass spec-
trometry (IDMS) [6].

Child growth failure characterized by stunting (height-
for-age Z-score (HAZ) < -2 standard deviations (SDs), 
wasting (weight-to-height Z-score (WHZ) < -2 SDs, 
underweight (weight for age Z-score (WAZ) < -2 SDs has 
still remained a serious problem in many low- and mid-
dle-income countries [7]. According to the World Health 
Organization (WHO), impaired child growth as a result 
of nutrient deficiencies, recurrent infections, and envi-
ronmental toxins is responsible for about 45% of under-5 
mortality worldwide. This could also exert detrimental 
effects on children’s cognitive, metabolic, and physical 
development leading to serious health consequences later 
in life [8].

Accumulating evidence suggested long exposure to 
AFB1 could be a potential risk factor for poor growth 
among children, especially in countries that are more 
susceptible to AFs contaminations [9, 10]. However, the 
biological mechanisms through which AFB1 exposure 
may affect child growth are not fully understood. It has 
been hypothesized that exposure to aflatoxins may impair 
intestinal integrity, disturb liver metabolism, and inhibit 
the synthesis of proteins including insulin-like growth 
factor 1 (IGF-1), thus contributing to malabsorption, 
inflammation, and gut infection. Each of these effects 
could in turn impair child growth [11, 12]. Early exposure 

to Aflatoxin could occur during pre-natal and neonatal 
stages through transplacental transfer and breast milk. 
Once complementary feeding has started, the levels of 
AFB1 in children will significantly rise and reach as high 
as of those adults [13]. Therefore, early childhood is con-
sidered a critical stage to reduce aflatoxin exposure and 
prevent its long-lasting outcomes.

Existing literature regarding the causal association 
between AFB1 and child growth is limited and incon-
sistent. Previous epidemiological studies conducted on 
Gambia [14, 15], Nigeria [16], Kenya [17], Mexico [18], 
and Lebanon [19] reported AFB1 solely or in relation to 
other risk factors have negatively impacted child growth. 
However, other studies in Tanzania [20], Ethiopia [21], 
and Nepal [22] showed no relationship between AFB1 
exposure and child growth impairment. Likewise, a study 
among Kenyan children suggested that improving house-
hold access to aflatoxin-free maize reduced aflatoxin 
biomarker concentration in serum, but it showed no 
significant effect on linear child growth [23]. The incon-
sistencies in the results of the previous studies may be 
resulted from the difference in study design, method used 
to assess AFB1, and the varieties in adjustment for covar-
iates. With this regard, the present systematic review and 
meta-analysis aimed to summarize the findings on the 
association between AFB1 exposure and growth indica-
tors of children in the overall and different subgroups.

Materials and methods
This study was conducted based on the PRISMA guide-
lines [24] (Supplementary file 1).

Search strategy
A comprehensive literature search was conducted in 
PubMed, Web of Science, and Scopus for relevant lit-
erature from the beginning to August 2023. A manual 
search was also performed to avoid missing an article. 
The search was conducted using the keywords related 
to AFB1 in children growth indicators such as height, 
weight, stunting, wasting, and underweight. The com-
plete search strategies is reported in Supplementary file 
2. No language limitation was considered for the search. 
All articles were entered into the Endnote software. 
After removing duplicates, their titles and abstracts were 
checked separately by two researchers and quality assess-
ment was done and differences were resolved by group 
discussion with an involvement of a third researcher. 
Resolving disagreements among authors in terms of 
including studies in the meta-analysis  was conducted 
by an open communication among the authors involved 
in the disagreement and by reviewing the inclusion/
exclusion criteria. Then, articles related to the inclu-
sion criteria were included. Then the full articles were 
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downloaded and the information was entered in the 
extract table.Inclusion criteriaThe inclusion criteria were: 
1) observational studies (cross-sectional, cohorts, case–
control, nested case–control) reported AFB1 exposure 
(serum levels) in infants/children (≤ 12 years) in relation 
to growth measurements (stunting (HAZ < -2 standard 
deviations (SDs), wasting (WHZ < -2 SDs), underweight 
(WAZ < -2 SDs), HAZ, WAZ, and WHZ); 2) studies 
reported odds ratios (OR), hazard ratios (HR), relative 
risks (RR), or the standardized regression coefficient (β) 
and their 95% confidence intervals (CI) or raw data were 
available to calculate them. No limitation was considered 
for analysis methods used to measure AFBI in serum. 
Clinical and interventional studies on animals, review 
articles, methodology studies, animal and non-human 
studies were excluded. We developed a form based on the 
inclusion/exclusion criteria and evaluated the studies for 
their eligibility.

Data extraction
Data extraction was accomplished independently on all 
studies by two authors. Disagreement were solved by 
discussion. The author’s name, publication year, study 
design, sample size, region, outcomes, mean age of par-
ticipants, risk estimates for binary outcomes (stunting, 
wasting, underweight), standardized regression coeffi-
cient (β) and its 95%CI for continuous outcomes (growth 
z-scores), method used for AFB1exposure measurement, 
the level of adjustment for covariates and statistical mod-
els applied for data analyzes were extracted.

Quality assessment
We used the Newcastle–Ottawa scale (NOS) to check the 
methodological quality of the studies [25]. A modified 
version of NOS was used for cross-sectional studies as 
reported previously [26]. NOS included 3 categories and 
8 items that range from 0 to 9 stars. The three categories 

Fig. 1 Flow chart for studies selection
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include selection, comparison, and result, which contain 
4 stars, 2 stars, and 3 stars, respectively. High quality is a 
score greater than or equal to 6, medium quality is a score 
of 3 to 5, and low quality is a score of less than 3 [27].

Statistical analysis
The relationship between infants/children exposure to 
AFB1 and continuous outcomes (growth z-scores) was 
evaluated by determining the standardized regression 
coefficient (β) and 95%CI. The relation between expo-
sure to AFB1 and categorical outcomes (stunting, wast-
ing, and underweight) was computed by pooling ORs 
and corresponding 95%CIs. I2 statistic was used to assess 
statistical heterogeneity across included studies [28–31]. 
The DerSimonian and Laird random effects model was 
used to perform all pooled results due to anticipated het-
erogeneity [32]. Subgroup analysis by study design (pro-
spective cohort vs. non-cohort), method used to assess 
AFB1 (ELISA, HPLC, IDMS, and TLC), and adjustment 
for covariates (yes vs. no) was performed to detect pos-
sible sources of heterogeneity. For continuous outcomes, 
because quantitative variables have been reported with 

different statistical metrics (regression coefficient, corre-
lation coefficient, or mean differences in the exposed and 
non-exposed groups), standard regression coefficients (β) 
and corresponding 95%CI (or standard error) were used 
to present a combination of the findings of different stud-
ies. The β and its 95%CI (or standard error) was obtained 
from the estimates whose calculation method is given in 
the Supplementary file 3. STATA software (version 14.0; 
Stata Corporation, College Station, TX, USA) was used 
for statistical calculations.

Results
Study characteristics
The search strategy found 1345 publications and 386 
papers were identified to be duplicates. A total of 877 
articles excluded according to the titles and abstracts, 
yielding 82 potentially pertinent studies for the full-
text evaluation. Ultimately, 15 publications [14–17, 
21, 33–42], published between 2003 and 2023, with a 
total sample size of 5,511 subjects, were included in 
the meta-analysis. Figure 1 shows the flowchart of the 
screening process of studies based on the PRISMA 

Fig. 2 Meta‐analysis of the association between exposure to aflatoxin B1 and height of children stratified by study design (β coefficient and 95% 
confidence interval)
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guideline [43]. Studies were from 2 continents, 11 from 
Africa and 4 from Asia. Of these, 8 records were pro-
spective cohort [14, 15, 21, 36, 38–40, 42] and 7 records 
were non-cohort [16, 17, 33–35, 37, 41] in design. The 
sample size of the included studies ranged between 
46 and 1484 participants. AFB1 levels were measured 
using the ELISA in 5 studies [14, 15, 33, 35, 36], HPLC 
in 8 studies [16, 17, 21, 37–41], IDMS in one study [42], 
and TLC [34] in one study. The majority of the stud-
ies controlled the results for potential covariates, but, 
the results of 1 publication [34] was crude results with-
out adjustment for confounders. Data for height, HAZ, 
WAZ, WHZ, stunting, underweight, and wasting were 
available in 4 studies, 12 studies, 8 studies, 6 studies, 6 
studies, 3 studies, and 1 study, respectively. The meth-
odological quality of the analyzed publications was 
medium to high, with scores ranging from 4 to 8 (Sup-
plementary  file 4). The characteristics of the included 
papers are presented in Table 1.

AFB1 exposure and growth measurements
Pooled analyzes of all available studies revealed a 
negative association between higher AFB1 exposure 
and height (β = -0.17, 95%CI = -0.25 to -0.09; Fig.  2), 
HAZ (β = -0.17, 95%CI = -0.30 to -0.03; Fig.  3), WAZ 
(β = -0.18, 95%CI = -0.33 to -0.02; Fig.  4), and WHZ 
(β = -0.02, 95%CI = -0.07 to 0.03; Fig.  5) in children, 
with a significant evidence of heterogeneity across 
studies on HAZ (I2 = 99.0%, P ≤ 0.001) and WAZ 
(I2 = 98.2%, P ≤ 0.001). The results of the subgroup 
analysis by study design (prospective cohort vs. non-
cohort), method used to assess AFB1 (HPLC, ELISA, 
IDMS, and TLC), and adjustment for covariates (yes vs. 
no) is presented in Table  2. The inverse trend for the 
relation of AFB1 to height, HAZ, WHZ, and WAZ was 
also supported by the subgroups.

For dichotomous outcomes, an increased odds was 
observed for stunting (Fig.  6) and underweight (Fig.  7), 
while no association was found between AFB1 exposure 

Fig. 3 Meta‐analysis of the association between exposure to aflatoxin B1 and height‑for‑age z‑score (HAZ) stratified by study design (β coefficient 
and 95% confidence interval)
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and wasting (based on 1 study) when all effect sizes were 
pooled, with a remarkable heterogeneity across studies 
 (Pheterogeneity for stunting < 0.001,  Pheterogeneity for under-
weight = 0.03) (Table 2).

Discussion
The current study is the first systematic review and 
meta-analysis which aimed to investigate the associa-
tion of aflatoxin B1 (AFB1) exposure and growth fail-
ure in children. In our study, based on 17 studies with a 
total sample size of 5,633 participants, pooled analyzes 
of all available effect sizes found an inverse association 
between exposure to AFB1 and growth failure measure-
ments (height, HAZ, WAZ, and WHZ, underweight, 
and stunting) in children. Similarly to our results, Voth-
Gaeddert et  al., in 2018, confirmed a significant nega-
tive correlation between putative aflatoxin exposure 
levels and child HAZ [44].

The association of AFB1to growth of infants/children 
has been inconsistent. The cross-sectional study by 

Chen et al., in 2018, on 114 children under 36 months 
of age in Tanzania, indicated that, no associations 
were found between aflatoxin exposures and growth 
impairment as measured by stunting, underweight 
[WAZ <  − 2], or wasting [WHZ <  − 2] [20]. Moreo-
ver, in agreement with our study, a longitudinal study 
on 200 children 16–37 months of age indicated that 
there was a strong negative correlation between serum 
aflatoxin–albumin (AF-alb) and height increase over 
the 8-month follow-up after adjustment for age, sex, 
height at recruitment, socioeconomic status, and wean-
ing status. Also, this study emphasizes the association 
between aflatoxin and stunting, although the underly-
ing mechanisms remain unclear [45].

Uncertainty analysis by Rasheed et al., in 2021, revealed 
that reducing aflatoxin exposure in high exposure areas 
up to non-detectable levels could save the stunting disa-
bility-adjusted life years (DALYs) up to 50%. The burden 
of childhood all causes stunting is greater in countries 
with higher aflatoxin exposure such as Benin [46]. Kiarie 

Fig. 4 Meta‐analysis of the association between exposure to aflatoxin B1 and weight‑for‑height z score (WHZ) stratified by study design (β 
coefficient and 95% confidence interval)
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et  al., in 2016, reported that there was no association 
between total aflatoxins (aflatoxin B and aflatoxin G) and 
HAZ, WAZ and WHZ [47]. A cluster randomized con-
trolled design study on 1230 unborn children in Eastern 
Kenya indicated that reducing AF exposure through a 
swapping and stockist intervention significantly lowered 
serum AF levels: at study endline (24 months after study 
enrolment during pregnancy), children in intervention 
communities had serum AF levels that were 27% lower 
than in the control communities [48]. The inconsistencies 
in the results of the available studies may be due to the 
differences in study design, duration of exposure, age of 
subjects, and the level of adjustment for covariates.

Aflatoxins could potentially impact the growth of chil-
dren via three different mechanisms; it is believed that it 
may be involved in enteropathy. The damage caused by 
aflatoxin to the epithelium of the intestine could result 
in the loss of nutrients [49]. Additionally, there is a pos-
sibility that aflatoxin can suppress the immune system, 
increasing the susceptibility to infections, including 
diarrhea, which consequently reduces nutrient uptake 

[49] The immune suppression effect of aflatoxin has 
been observed in some animals and humans [50]. Lastly, 
chronic exposure to aflatoxin could lead to liver toxicity, 
causing damage to the insulin-like growth factor pathway 
proteins (IGFs), resulting in a decrease of IGFs in circu-
lation which ultimately affects child growth in an unfa-
vorable manner [12, 51]. A recent study on human liver 
cells identified that aflatoxin suppressed IGFs gene/pro-
tein expressions in a dose-dependent pattern [35]. The 
data supported that aflatoxin induced variations in IGFs 
could play a role in growth failure [52]. Overall, our study 
suggest that reducing exposure to aflatoxin is a poten-
tial strategy to decrease the burden of growth failure in 
children/infants. Some strategies to decrease exposure to 
aflatoxins and mitigate the risk of exposure include good 
agricultural practices (GAPs) to prevent fungal growth 
and contamination of crops [53], proper storage of crops 
to prevent moisture and fungal growth [54], simple food 
preparation methods such as sorting, washing, crush-
ing, and dehulling [55], adopting chemical methods, 
such as treatment with organic acids, ammonia, ozone 

Fig. 5 Meta‐analysis of the association between exposure to aflatoxin B1 and weight‑for‑age z score (WAZ) stratified by study design (β coefficient 
and 95% confidence interval)
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or enzymes to minimize the levels of aflatoxins present 
in food, and drying crops to reduce moisture content and 
prevent fungal growth [56]. In addition to these strate-
gies, monitoring and preventive programs can decrease 
the risk of exposure in humans [53]. Sequestering afla-
toxins in the gastrointestinal tract and reducing their 
bioavailability can also mitigate the risk of exposure 

[57]. Reporting any non-compliant food products to food 
safety authorities is also an important measure to pre-
vent exposure to aflatoxins [55]. By implementing these 
strategies and continuing to research the impact of afla-
toxin exposure on human health, we can work towards 
reducing the burden of this public health problem. It is 
important to note that the most effective intervention is 

Table 2 Subgroup analysis for the association between aflatoxin B1 and growth indicators of children

WHZ Weight-for-height z score, WAZ Weight-for-age z-score, HAZ Height-for-age z-scores, HPLC High-performance liquid chromatography, ELISA Enzyme-linked 
immunosorbent assay, TLC Thin layer chromatography, IDMS Isotope dilution mass spectrometry

Test of 
association

Test of 
heterogeneity

Continuous outcome Subgroup Studies β 95%CI I2 (%) P
Height Overall 4 ‑0.17 ‑0.25 to ‑0.09 19.0 0.29

Prospective cohort 3 ‑0.21 ‑0.30 to ‑0.12 0.0 0.60

Non‑cohort 1 ‑0.10 ‑0.20 to ‑0.001 ‑ ‑

HPLC 2 ‑0.20 ‑0.29 to ‑0.12 0.0 0.44

ELISA 2 ‑0.14 ‑0.31 to 0.03 26.0 0. 24

HAZ Overall 12 ‑0.17 ‑0.30 to ‑0.03 97.2  < 0.001

Prospective cohort 8 ‑0.05 ‑0.10 to ‑0.01 58.2 0.01

Non‑cohort 4 ‑0.33 ‑0.75 to 0.10 99.0  < 0.001

HPLC 6 ‑0.02 ‑0.10 to 0.05 73.3 0.002

ELISA 4 ‑0.31 ‑0.70 to 0.08 98.9  < 0.001

TLC 1 ‑0.46 ‑0.69 to ‑0.22 ‑ ‑

IDMS 1 ‑0.18 ‑0.32 to ‑0.04 ‑ ‑

Adjusted 11 ‑0.14 ‑0.29 to ‑0.001 97.4  < 0.001

Not‑adjusted 1 ‑0.46 ‑0.69 to ‑0.22 ‑ ‑

WAZ Overall 8 ‑0.18 ‑0.33 to ‑0.02 97.9  < 0.001

Prospective cohort 5 ‑0.05 ‑0.07 to ‑0.03 4.3 0.38

Non‑cohort 3 ‑0.32 ‑0.69 to 0.05 96.7  < 0.001

HPLC 3 ‑0.06 ‑0.11 to ‑0.02 41.1 0.18

ELISA 3 ‑0.33 ‑0.78 to 0.12 99.3  < 0.001

TLC 1 ‑0.20 ‑0.48 to 0.08 ‑ ‑

IDMS 1 ‑0.03 ‑0.17 to 0.11 ‑ ‑

Adjusted 7 ‑0.17 ‑0.34 to ‑0.01 98.2  < 0.001

Not‑adjusted 1 ‑0.20 ‑0.48 to 0.08 43.2 0.17

WHZ Overall 6 ‑0.02 ‑0.07 to 0.03 43.6 0.11

Prospective cohort 4 ‑0.01 ‑0.07 to 0.04 59.6 0.06

Non‑cohort 2 ‑0.07 ‑0.27 to 0.13 18.7 0.26

HPLC 4 ‑0.01 ‑0.05 to 0.03 0.0 0.50

ELISA 1 ‑0.06 ‑0.10 to ‑0.02 ‑ ‑

IDMS 1 0.09 ‑0.04 to 0.22 ‑ ‑

Dichotomous outcome Subgroup Studies Odds ratio 95%CI I2 (%) P
Stunting Overall 6 1.15 0.98 to 1.35 80.3  < 0.001

Prospective cohort 3 1.21 1.11 to 1.33 0.0 0.50

Non‑cohort 3 1.14 0.80 to 1.63 43.5 0.15

Underweight Overall 3 1.08 0.92 to 1.27 70.6 0.03

Prospective cohort 1 1.20 1.03 to 1.40 ‑ ‑

Non‑cohort 2 0.99 0.98 to 1.00 0.0 0.37

Wasting Overall 1 1.00 0.98 to 1.02 ‑ ‑
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Fig. 6 Meta‐analysis of the association between exposure to aflatoxin B1 and risk of stunting stratified by study design (odds ratio and 95% 
confidence interval)

Fig. 7 Meta‐analysis of the association between exposure to aflatoxin B1 and risk of underweight stratified by study design (odds ratio and 95% 
confidence interval)
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prevention. Therefore, it is essential to implement GAPs 
and proper storage methods to prevent fungal growth 
and contamination of crops [55]. 

Limitations
This is the first meta-analysis evaluating the relation of 
AFB1 exposure to growth indicators of children. The 
limitations of this meta-analysis should be declared. 
First, a significant evidence for heterogeneity was found 
across studies on HAZ and WAZ. Subgroup analysis 
identified the method used to assess AFB1, the level 
of adjustment for covariates, type of exposure (dietary 
vs. serum), and study design as sources of the observed 
heterogeneity. Second, some of the analyzed studies 
were cross-sectional in design, which are more sus-
ceptible to selection/recall biases compared to cohort 
publications. Third, because of the lack of adequate 
information in original studies, stratified analysis by sex 
was not carried out to evaluate likely gender-specific 
relationships. Another weakness of this study was the 
small number of the included studies, thus, publication 
bias analysis was not performed based on guidelines 
[58]. The results obtained for wasting was based on 1 
study and should be interpreted with caution. Moreo-
ver, although the results of most studies were adjusted 
for potential confounding variables, the results of some 
studies were crude and unadjusted, which may lead to 
bias.

Conclusions
Aflatoxin exposure is common in developing countries, 
making it an issue of substantial public health impor-
tance. Overall, this meta-analysis indicated that there 
existed a negatively association between AFB1 exposure 
and growth indicators of children. Therefore, it is essen-
tial develop preventive approaches, such as implement-
ing GAPs and improving proper storage methods to 
prevent fungal growth and contamination of crops, and 
thus reduce the burdens of aflatoxins on health [55].
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