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Revisión

Abstract
Introduction: early exposure to cadmium toxic metal has been suggested to be associated with reduced infants/children growth; nevertheless, 
the available evidence is contradictory. 

Objective: this meta-analysis aimed to examine the association of cadmium exposure through biological samples to growth measurements of 
infants/children, including body weight, height, body mass index (BMI), BMI-for-age (BMI z-score), weight-for-age (WAz), height-for-age (HAz), 
and weight-for-height (WHz) z-scores. 

Methods: a systematic search in PubMed and Scopus was implemented to obtain the related studies. The standardized beta coefficients (b) and 
95 % confidence intervals (95 % CI) were used as effect sizes to test the associations using the random effects analysis. 

Results: a total of 15 studies with 6,181 participants were included in the meta-analysis. In the overall analysis, pooled analysis of available data 
revealed that cadmium exposure was inversely linked to height (b = -0.06, 95 % CI = -0.12 to -0.01) and WAz (b = -0.01, 95 % CI = -0.02 to 
-0.003). These relationships were also supported by prospective cohort studies and urinary cadmium exposure. In the stratified analysis, cadmium 
exposure was negatively linked to the weight of children in prospective cohort studies, in studies that assessed urinary cadmium exposure. No 
significant association was detected between cadmium exposure and BMI, BMI z-score, WHz, and HAz in the overall and subgroup analyses. 

Conclusions: this meta-analysis emphasized the importance of cadmium exposure as a risk factor for growth failure in infants/children. 

Keywords: 

Infants. Children. Growth. 
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Resumen
Introducción: se ha sugerido que la exposición temprana al metal tóxico cadmio se asocia a un crecimiento reducido de los bebés y niños; sin 
embargo, la evidencia disponible es contradictoria.

Objetivo: este metaanálisis tuvo como objetivo examinar la asociación de la exposición al cadmio a través de muestras biológicas con las mediciones 
de crecimiento de bebés/niños, incluidos el peso corporal, la altura, el índice de masa corporal (IMC), el IMC para la edad (puntuación z del IMC) y 
las puntuaciones z de peso para la edad (WAz), altura para la edad (HAz) y peso para la altura (WHz).

Métodos: se implementó una búsqueda sistemática en PubMed y Scopus para obtener los estudios relacionados. Los coeficientes beta estandari-
zados (b) y los intervalos de confianza del 95 % (IC 95 %) se utilizaron como tamaños del efecto para probar las asociaciones mediante el análisis 
de efectos aleatorios.

Resultados: se incluyeron en el metaanálisis un total de 15 estudios, con 6.181 participantes. En el análisis general, el análisis conjunto de los datos 
disponibles reveló que la exposición al cadmio estaba inversamente relacionada con la altura (b = -0,06, IC del 95 % = -0,12 a -0,01) y WAz (b = 
-0,01, IC del 95 % = -0,02 a -0,003). Estas relaciones también fueron respaldadas por estudios de cohortes prospectivos y exposición al cadmio en 
orina. En el análisis estratificado, la exposición al cadmio se relacionó negativamente con el peso de los niños en estudios de cohortes prospectivos, 
en estudios que evaluaron la exposición al cadmio en la orina. No se detectó ninguna asociación significativa entre la exposición al cadmio y el IMC, 
la puntuación z del IMC, el WHz y el HAz en los análisis generales y de subgrupos.

Conclusiones: este metaanálisis enfatizó la importancia de la exposición al cadmio como factor de riesgo del retraso del crecimiento en 
lactantes/niños.

Palabras clave: 

Lactantes. Niños. 
Crecimiento. Cadmio. 
Metaanálisis. 

INTRODUCTION

Growth failure in children, featured by stunting, underweight, 
and wasting (1), is a significant public health concern worldwide, 
with long-term implications on both physical and cognitive de-
velopment (2-4). The growth and development of children are 
affected by several factors, such as genetics, recurrent infec-
tions, nutritional status, and socio-economic conditions (4-8). 
Environmental factors, such as exposure to heavy metals, have 
also been implicated as potential contributors to this problem (9). 
Among heavy metals, cadmium has attracted significant atten-
tion due to its high degree of toxicity, widespread presence in the 
environment, and the potential adverse effects it may have on 
children’s growth (10).

Cadmium is released into the environment through various 
industrial processes, waste disposal methods, and agricultural 
practices (11). It can contaminate air, water, and soil, eventually 
accumulating in the human body mainly through food and drink-
ing water (5,12). Once ingested, cadmium can cause multiple 
health issues, including renal dysfunction (13), skeletal damage 
(14), neurodevelopment impairment (15), immune dysfunction 
(16), and an increased risk of cancer (17). In humans, cadmium 
has a remarkably extensive biological half-life (> 15 years) with 
a very low excretion rate, and the total body contents of cadmi-
um increases with age (18). Early exposure to cadmium could 
happen during prenatal and neonatal periods via transplacental 
transfer, breast milk, and complementary feeding (19,20). Thus, 
early childhood is considered a vital stage to decrease cadmium 
exposure and hinder its long-lasting outcomes. 

Animal studies have established that the administration of 
cadmium is linked to decreased body weight and growth (21,22). 
In humans, prenatal cadmium has been negatively related to 
birth weight (23), but evidence of growth-associated impacts of 
cadmium exposure through various biological samples in infants/
children is limited and inconclusive. The prospective cohort study 
by Gardner et al. (24) revealed that a higher urinary cadmium 
exposure during childhood is negatively linked to height, weight, 
and growth velocity at 5 years of age, while some studies failed to 

observe an association between cadmium in blood (25) and urine 
(26) with the growth indicators of children. The inconsistencies 
among the findings of the previous studies might be due to the 
difference in type of biological sample, sample size, study design, 
gender of participants, method used to assess cadmium, and the 
varieties in adjustment for covariates. Accordingly, the objective 
of this meta-analysis was to evaluate the association of cadmium 
exposure through biological samples to growth measurements of 
infants/children, including body weight, height, BMI, BMI-for-age 
z-score, WAz z-score, HAz z-score, and WHz z-score. 

MATERIALS AND METHODS

This study was reported by following the PRISMA guidelines 
(27).

SEARCH STRATEGY 

A comprehensive search of relevant literature from the be-
ginning to September 2023 was conducted using PubMed and 
Scopus databases. Additionally, a manual search was conduct-
ed in the references of the related reviews and included studies 
to ensure no articles were missed. The search strategy was as 
follows: (“Cadmium”[Mesh] OR Cadmium[Title/Abstract]) AND 
(“Child”[Mesh] OR “Infant”[Mesh] OR child[Title/Abstract] OR 
Infant[Title/Abstract] OR children[Title/Abstract] OR infants[Ti-
tle/Abstract] OR neonatal[Title/Abstract]) AND (growth[Title/
Abstract] OR weight[Title/Abstract] OR length[Title/Abstract] 
OR height[Title/Abstract] OR anthropometry[Title/Abstract] OR 
length-for-age[Title/Abstract] OR height-for-age[Title/Abstract] 
OR weight-for-age[Title/Abstract] OR weight-for-length[Title/
Abstract] OR weight-for-height[Title/Abstract] OR stunting[Ti-
tle/Abstract] OR wasting[Title/Abstract] OR underweight[Title/
Abstract] OR “Growth”[Mesh] OR Body Height”[Majr] OR “Child 
Development”[Mesh]). The search was restricted to articles pub-
lished in English language. The retrieved studies were entered 
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into the Endnote software, duplicates were removed, the titles/
abstracts were reviewed by two independent authors, and then 
the full-text of the related articles were screened by two authors 
independently; any differences were resolved through a discus-
sion among all researchers. Finally, studies meeting the inclusion 
criteria were included in the meta-analysis. 

INCLUSION CRITERIA

The following inclusion criteria were considered: 1) observa-
tional studies (cohort, cross-sectional, or case-control) examin-
ing the relation of cadmium exposure to growth measurements 
(weight, height, BMI, BMI z-score, WAz, HAz, or WHz) in in-
fants/children (under 12 years); 2) reported the standardized 
regression coefficient (b) and 95 % confidence interval (CI) for 
the associations or provided raw data to compute them; 3) the 
exposure was measured in biological samples, such as blood, 
urine, or hair. Animal studies, letters, book chapters, studies on 
adolescents/adults, editorials, review articles, studies that were 
on pregnant women, studies with irrelevant exposure/outcome, 
and studies that were not extractable were excluded. 

DATA EXTRACTION AND QUALITY 
ASSESSMENT

Two authors independently conducted the data extraction pro-
cess for all included studies and disagreements were resolved 
through discussion. The following information was gathered 
from each publication: author’s name, publication year, sample 
size, country, gender of participants, study design, outcomes 
assessed, mean age of participants, b and 95 % CI for the as-
sociations, method used for cadmium evaluation, type of expo-
sure (sample), covariates used for adjustment in analyses, and 
statistical models applied for the analyzing of data. The meth-
odological quality of the included studies was assessed using 
the Newcastle-Ottawa Scale (NOS) (28), on a scale ranging from 
0 to 9 stars. For cross-sectional studies, we applied a modified 
version of NOS to assess the quality of studies. A score of 6 or 
higher indicates high quality, a score between 3 and 5 indicates 
medium quality, and a score below 3 indicates low quality (29).

STATISTICAL ANALYSIS

To evaluate the relationship between exposure to cadmium 
and growth indicators, the standardized regression coefficient 
(b) and its 95  % CI were applied. Since different statistical 
metrics (regression coefficient, correlation coefficient, or mean 
differences of outcomes in the low-exposed and high-exposed 
groups) were presented in the included publications, the b and 
its 95 % CI were used to synthesize the findings. The b and its 
95 % CI were estimated with the use of the formulas presented 
in the supplementary figure 1 (https://www.nutricionhospitalar-

ia.org/anexos/04965-01.pdf). Statistical heterogeneity among 
the included studies was assessed using the Q and I2 statistics 
(30,31). Due to the anticipated heterogeneity, the DerSimoni-
an and Laird random effects model was used for all pooled 
results (32). Subgroup analysis was performed based on the 
study design (prospective cohort vs. cross-sectional), method 
of cadmium measurement (inductively coupled plasma mass 
spectrometry (ICP-MS), graphite furnace atomic absorption 
spectrometry (GFAAS), and flame atomic absorption spectrom-
etry [FAAS]), adjustment for covariates (yes vs. no), gender of 
participants (boy, girl, and both) and type of sample (blood, 
urine, and hair) to explore possible sources of heterogeneity. 
Publication  bias  was  evaluated  using  the Egger’s test (33). 
Statistical calculations were performed using STATA software 
(version 14.0; Stata Corporation, College Station, TX, USA), and 
p-values < 0.05 were considered statistically significant.

RESULTS

STUDY CHARACTERISTICS

The systematic search yielded a total of 1,160 publications, out 
of which 302 were identified as duplicates. After excluding 808 
articles based on their titles and abstracts, 50 studies remained 
for full-text evaluation. Ultimately, 15 publications (5,9,18,24-
26,34-42), published between 2001 and 2022 with a combined 
sample size of 6,181 subjects, were included in the meta-analy-
sis. The screening process of the studies is depicted in figure 1. 
These studies originated from four continents, with 5 from Eu-
rope (25,26,35,36,41), 3 from Africa (18,39,40), 1 from America 
(34), and 6 from Asia (5,9,24,37,38,42). Among them, 5 records 
were prospective cohort studies (5,24,34,38,41) and 10 records 
were cross-sectional studies (9,18,25,26,35-37,39,40,42). 
The sample sizes of the analyzed publications ranged from 
32 to 1,505 participants. The man age of participants ranged 
from ≤ 4 weeks to 11 ± 0.4 years. The frequency of partic-
ipants with male sex among the included studies varied from 
49 % to 52 %. Type of exposure (sample) was hair in 2 studies 
(35,41), urine in 5 studies (5,24,26,37,38), and blood in 8 stud-
ies (9,18,25,34,36,39,40,42). Cadmium levels were determined 
using inductively coupled plasma mass spectrometry (ICP-MS) 
in 10 studies (5,24,26,34,35,37-41), graphite furnace atomic 
absorption spectrometry (GFAAS) in 4 studies (9,25,36,42), and 
flame atomic absorption spectrometry (FAAS) in 1 study (18). 
Most studies adjusted their results for potential covariates, al-
though 6 publications (18,25,36,37,39,41) reported unadjust-
ed results without accounting for confounders. Data on height, 
weight, BMI, BMI z-score, WAz, WHz, and HAz were available in 
4 studies (9,24,36,42), 6 studies (9,18,24,25,36,37), 3 studies 
(26,36,42), 8 studies (5,24,34,35,37-39,41), 2 studies (39,41), 
and 8 studies (5,24,34,35,38-41), respectively. The quality of 
the included publications ranged from medium to high, with 
scores between 3 and 9 (median score: 6.73). Table I provides 
an overview of the characteristics of the included papers.
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CADMIUM EXPOSURE AND GROWTH 
MEASUREMENTS

The results of the overall and subgroup analyses by study de-
sign, method used to assess cadmium, gender of participants, 
adjustment for covariates (yes vs. no), and type of sample is pre-
sented in table II. In the overall analysis, when all effect sizes 
were pooled using the random effects model, a significant in-
verse relationship was found between higher cadmium exposure 
and height (b = -0.06, 95 % CI = -0.12 to -0.01; Fig. 2) and 
WAz (b = -0.01, 95 % CI = -0.02 to -0.003; Fig. 3) in children. 
In the subgroup analyses, the negative correlation of cadmium 
to height and WAz was also supported by prospective cohort 
studies (height: b = -0.11, 95  % CI = -0.17 to -0.05; WAz: 
b = -0.01, 95 % CI = -0.02 to -0.002) and urinary cadmium 
exposure (height: b = -0.11, 95  % CI = -0.17 to -0.05 [Fig. 
2]; WAz: b = -0.01, 95 % CI = -0.02 to -0.004 [Fig. 3]) (Table 
II). Moreover, in the stratified analysis, cadmium exposure was 
negatively linked to the weight of children in prospective cohort 
publications, in studies that assessed urinary cadmium exposure, 
and in studies that used ICP-MS or FAAS to assess cadmium 
levels (Table II). No significant association was detected between 
cadmium exposure and BMI (Fig. 2), BMI z-score (Fig. 3), WHz 
(Fig. 3), and HAz (Fig. 3) in the overall and subgroup analyses 
(Table II).

HETEROGENEITY AND PUBLICATION BIAS

A significant heterogeneity was observed across the studies on 
weight (I2 = 76.5 %, p = 0.001), BMI z-score (I2 = 66.5 %, p = 0.01), 

WAz (I2 = 48.9 %, p = 0.02), WHz (I2 = 69.9 %, p = 0.03), and HAz 
(I2 = 62.3 %, p = 0.002). There was no publication bias for all growth 
indicators (Table II, Supplementary figures 2-8).

DISCUSSION

With a comprehensive analysis of 15 studies encompassing a 
total sample size of 6,181 participants, this study assesses the 
relationship between cadmium exposure in different biological 
samples and various growth measurements, including weight, 
height, BMI, BMI z-score, HAz, WAz, and WHz. By synthesizing 
the available studies, we disclosed that cadmium exposure may 
negatively affects the growth indicators of infants/children, in-
cluding height, weight, and WAz. 

Worldwide, several millions of individuals are exposed to cadmi-
um because of anthropogenic and natural activities that result in a 
widespread distribution of cadmium in the environment, contributing 
to potential adverse effects on health outcomes (43). Recently, an-
imal and human studies have proposed that  In utero exposure to 
cadmium can have serious negative effects on the growth of ne-
onates (44). Nevertheless, the association of postnatal exposure 
to cadmium with growth of infants/children has been contradicto-
ry. In contrast to the present analysis, the cross-sectional study by 
Olszowski et al. (25) on 71 subjects in Poland did not find a relation-
ship between blood cadmium and body weight of infants. Moreover, 
in the study by Wang et al. (26) in Belgium on 249 children (aged 
5.83 ± 0.37 years), urinary cadmium was not relates to BMI of chil-
dren. However, a longitudinal cohort in rural Bangladesh reported 
that children’s urinary cadmium, reflecting long-term exposure, was 
negatively linked to WAz, and possibly HAz at 10 years of age (5).  

Records identi�ed through database search:
PubMed (n = 422), Scopus (738)

Records after duplicates removed (n = 858)

Full-text articles assessed for eligibility (n = 50)

Studies included in quantitative analysis: 15 studies

Excluded based on title and abstract (n = 808)

Records excluded (n = 35)
 Studies on adolescents/adults (3)

 Reviews (3)

 Animal studies (3)

 Studies that were on pregnant women (15)

 Studies with irrelevant exposure/outcome (6)

 Data were not extractable (3)

 Other irrelevant articles (2)

Figure 1. 

Flow chart of study selection.
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In line with the present meta-analysis, the prospective cohort study 
by Gardner et al. (24) on 1505 children aged 1.5 to 5 years re-
vealed that a higher urinary cadmium exposure is negatively linked 
to height and weight at 5 years of age. The contradictions among 
the results of the available studies might result from the differences 
in study design, duration of exposure, adjustment for confounders, 
and the characteristics of participants such as age and gender. Our 
meta-analysis supported the negative relation of cadmium exposure 
to growth indicators of children. Chronic exposure to low levels of 
cadmium in infants/children can occur through polluted water as 
well as breast milk, cereals, seafood, and vegetables, which are 
common complementary foods for infants in low-income countries 
(43). Overall, our results propose that reducing exposure to cadmium 
could be an essential preventive approach to reduce the burden of 
growth failure in children/infants, especially in polluted regions. To re-
duce exposure to cadmium in children and infants, several measures 
can be taken based on the identified sources of exposure. Cadmium 
exposure can occur through various pathways, including consump-
tion of contaminated food, air pollution, and consumer products like 
cheap jewelry and some plastics (45,46). Some preventive mea-
sures based on the identified sources of exposure include: 1) en-
couraging pregnant women and children to limit the consumption of 
certain types of food known to contain high levels of cadmium, such 
as contaminated rice, leafy vegetables, and shellfish (46); 2) imple-
menting measures to reduce air pollution, such as promoting the 
use of clean energy sources and reducing emissions from industrial 
activities (45); and 3) increasing awareness about the potential risks 
associated with the use of cadmium-containing consumer products, 
and promote the use of safer alternatives (46).

The biological mechanisms for the association between cadmi-
um exposure and growth failure in children are not well-known, 
but can be explained by several mechanisms, including disrup-
tion of the endocrine system, impairment of nutrient absorption 
and utilization, oxidative stress and cellular damage, disruption of 
bone and calcium homeostasis, and immune system dysfunction 
(47-50). Cadmium can interfere with the normal functioning of the 
endocrine system, which plays a critical role in growth regulation. 
It can disrupt hormone production and signaling, particularly af-
fecting the growth hormone (GH) axis (51). Cadmium exposure 
has been shown to decrease GH secretion, impair insulin-like 
growth factor 1 (IGF-1) production, and alter thyroid hormone lev-
els (47,52). These disruptions in hormone balance can potentially 
lead to reduced weight and height of children. Cadmium can affect 
the absorption and utilization of essential nutrients necessary for 
growth and development. It can interfere with the absorption of cal-
cium, zinc, and iron, resulting in deficiencies of these vital nutrients 
(53). Calcium and zinc are essential for bone growth and develop-
ment, while iron is crucial for red blood cell production and oxygen 
delivery (54,55). Deficiencies in these nutrients can directly impact 
growth and contribute to growth failure (55). Cadmium exposure 
can induce oxidative stress, a condition characterized by an imbal-
ance between the production of reactive oxygen species (ROS) and 
the body’s ability to detoxify them (48). ROS can cause damage to 
cells, tissues, and organs, including those involved in growth and 
development (56). Oxidative stress can lead to inflammation, im-

Figure 2. 

Meta‐analysis of the association between exposure to cadmium and height 
(A), weight (B), and body mass index (BMI) (C) of children stratified by sample 
type (b coefficient and 95 % confidence interval (CI) (DL: The DerSimonian 
and Laird random effects analysis; CI: confidence interval). 
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Figure 3. 

Meta‐analysis of the association of exposure to cadmium with weight-for-age z score (WAz) (A), height-for-age z-score (HAz) (B), weight-for-height z score (WHz) (C), 
and body mass index (BMI)-for-age z score (D) stratified by sample type (b coefficient and 95 % confidence interval) (DL: The DerSimonian and Laird random effects 
analysis; CI: confidence interval).

paired DNA synthesis, and disrupted cellular signaling, all of which 
can hinder normal growth processes (57). Cadmium can disrupt 
calcium homeostasis in the body. It can accumulate in bones, re-
placing calcium and impairing their structural integrity (49). These 
effects on bone health can contribute to a decrease in height in 
children. Cadmium exposure can also suppress immune function, 
making children more susceptible to infections and illnesses (50). 
Frequent infections can negatively impact growth and contribute 
to growth failure (58). The extent and severity of the effects may 
depend on other factors such as the level and duration of exposure, 
genetic susceptibility, and overall nutritional status.

This meta-analysis has some strengths. This study presents 
the first systematic review and meta-analysis examining the 
association between cadmium exposure and growth failure in 
children. The study included a relatively high sample size and no 
publication bias was detected for the associations. Furthermore, 
various subgroup analyses were performed, which revealed the 
potential sources of heterogeneity across the results of the pre-

vious studies. Several limitations should be acknowledged in this 
meta-analysis. First, there was significant heterogeneity for anal-
yses. Stratified analysis revealed that differences in cadmium 
assessment methods, type of sample, study design, and level 
of adjustment for confounders contributed to this heterogeneity. 
Second, a proportion of the included studies were cross-section-
al, which are more prone to selection and recall biases compared 
with cohort studies. Third, a low number of studies were included 
in subgroup analyses; thus, the findings obtained from the sub-
groups should be interpreted with caution. Finally, while most 
studies adjusted the results for potential confounders, some pre-
sented unadjusted effect sizes which may be at risk of bias.

In conclusion, this meta-analysis revealed a negative asso-
ciation between cadmium exposure and growth indicators in 
infants/children. Further research with larger and more diverse 
study populations, along with better adjustment for potential con-
founders, especially with prospective cohort design, is warranted 
to obtain more robust conclusions.
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Table II. Subgroup analysis for the association between cadmium and growth indicators  
of children

Test of association Test of 
heterogeneity

Continuous 
outcome Subgroup Studies 

(effect sizes) bb 95 % CI I2 (%) p Publication 
bias 

Height 

Overall 4 (4) -0.06 -0.12 to -0.01 27.6 0.24

0.65 
Prospective cohort 1 (1) -0.11 -0.17 to -0.05 – –

Cross-sectional 3 (3) -0.02 -0.08 to 0.04 0.0 0.98

ICP-MS 1 (1) -0.11 -0.17 to -0.05 – –

Weight 

GFAAS 3 (3) -0.02 -0.08 to 0.04 0.0 0.98

0.88

Adjusted 3 (3) -0.07 -0.14 to 0.01 46.2 0.15

Not-adjusted 1 (1) -0.03 -0.14 to 0.08 – –

Urine 1 (1) -0.11 -0.17 to -0.05 – –

Blood 3 (3) -0.02 -0.08 to 0.04 0.0 0.98

Overall 6 (6) -0.07 -0.16 to 0.03 76.5 0.001

Prospective cohort 1 (1) -0.14 -0.20 to -0.08 – –

Cross-sectional 5 (5) -0.05 -0.17 to 0.08 72.4 0.006

ICP-MS 2 (2) -0.14 -0.20 to -0.08 0.0 0.92

GFAAS 3 (3) 0.03 -0.09 to 0.15 68.7 0.04

FAAS 1 (1) -0.42 -0.71 to - 0.13 – –

Adjusted 2 (2) -0.09 -0.18 to 0.01 78.7 0.03

Not-adjusted 4 (4) -0.06 -0.27 to 0.15 78.5 0.003

Urine 2 (2) -0.14 -0.20 to -0.08 0.0 0.92

Blood 4 (4) -0.03 -0.18 to 0.12 78.0 0.003

BMI

Overall 3 (3) 0.03 -0.03 to 0.10 0.0 0.71

0.34

ICP-MS 1 (1) -0.01 -0.13 to 0.11 – –

GFAAS 2 (2) 0.05 -0.03 to 0.13 0.0 1.00

Adjusted 2 (2) 0.02 -0.06 to 0.10 0.0 0.47

Not-adjusted 1 (1) 0.05 -0.06 to 0.16 – –

Urine 1 (1) -0.01 -0.13 to 0.11 – –

Blood 2 (2) 0.05 -0.03 to 0.13 0.0 1.00

BMI z-score

Overall 3 (5) 0.02 -0.20 to 0.24 66.5 0.01

0.39

Prospective cohort 2 (4) 0.04 -0.30 to 0.21 62.0 0.04

Cross-sectional 1 (1) 0.21 0.02 to 0.40 – –

Boy 2 (2) -0.18 -0.67 to 0.31 80.8 0.02

Girl 2 (2) 0.08 -0.15 to 0.31 0.0 0.40

(Continues on next page)
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Table II (cont.). Subgroup analysis for the association between cadmium and growth 
indicators of children

Test of association Test of 
heterogeneity

Continuous 
outcome Subgroup Studies 

(effect sizes) bb 95 % CI I2 (%) p Publication 
bias 

BMI z-score

Both 1 (1) 0.21 0.02 to 0.40 – –

0.39

Adjusted 2 (3) 0.13 -0.01 to 0.26 0.0 0.44

Not-adjusted 1 (2) -0.12 -0.77 to 0.53 83.9 0.01

Hair 2 (3) 0.00 -0.42 to 0.42 83.0 0.003

Blood 1 (2) 0.04 -0.16 to 0.23 0.0 0.80

WAz

Overall 8 (12) -0.01 -0.02 to -0.003 48.9 0.02

0.48

Prospective cohort 5 (9) -0.01 -0.02 to -0.002 56..2 0.01

Cross-sectional 3 (3) -0.01 -0.11 to 0.09 35.6 0.21

Boy 4 (4) -0.01 -0.01 to -0.001 0.0 0.92

Girl 4 (4) -0.01 -0.01 to -0.001 0.0 0.93

Both 4 (4) -0.05 -0.15 to 0.05 74.9 0.008

Adjusted 5 (8) -0.01 -0.02 to -0.004 62.1 0.01

Not-adjusted 3 (4) 0.00 -0.07 to 0.07 0.4 0.39

Hair 2 (3) 0.05 -0.10 to 0.21 0.0 0.88

Urine 4 (6) -0.01 -0.02 to -0.004 74.6 0.001

Blood 2 (3) 0.02 -0.05 to 0.08 0.0 0.79

WHz

Overall 2 (3) -0.08 -0.37 to 0.21 69.9 0.03

0.83

Prospective cohort 1 (2) -0.11 -0.73 to 0.50 82.1 0.01

Cross-sectional 1 (1) -0.01 -0.13 to 0.10 – –

Hair 1 (2) -0.11 -0.73 to 0.50 82.1 0.01

Blood 1 (1) -0.01 -0.13 to 0.10 – –

HAz

Overall 8 (12) -0.01 -0.02 to 0.01 62.3 0.002

0.55

Prospective cohort 5 (9) 0.02 -0.04 to 0.01 68.8 0.001

Cross-sectional 3 (3) 0.01 -0.01 to 0.02 0.0 0.48

Boy 4 (4) 0.00 -0.02 to 0.02 5.5 0.36

Girl 4 (4) -0.001 -0.01 to 0.002 0.0 0.68

Both 4 (4) -0.04 -0.11 to 0.03 87.7 0.001

Adjusted 6 (9) -0.01 -0.03 to 0.01 67.4 0.002

Not-adjusted 2 (3) 0.03 -0.20 to 0.26 54.4 0.11

Hair 2 (3) -0.02 -0.32 to 0.28 62.6 0.06

Urine 3 (5) -0.02 -0.4 to 0.01 80.9 0.001

Blood 3 (4) 0.01 -0.01 to 0.02 0.0 0.98

ICP-MS: inductively coupled plasma mass spectrometry; GFAAS: Graphite furnace atomic absorption spectrometry; FAAS: Flame atomic absorption spectrometry; WHZ: 
weight-for-height z score; WAZ: weight-for-age z-score; HAZ: height-for-age z-scores.



700 C. Liu and G. Park

[Nutr Hosp 2024;41(3):690-701]

REFERENCES 

1. Kinyoki DK, Osgood-zimmerman AE, Pickering BV, Schaeffer LE, Marczak 
LB, Lazzar-Atwood A, et al. Mapping child growth failure across low- and 
middle-income countries. Nature 2020;577(7789):231-4. DOI: 10.1038/
s41586-019-1878-8

2. DeBoer MD, Lima AA, Oría RB, Scharf RJ, Moore SR, Luna MA, et al. Early child-
hood growth failure and the developmental origins of adult disease: do enteric 
infections and malnutrition increase risk for the metabolic syndrome? Nutrition 
reviews 2012;70(11):642-53. DOI: 10.1111/j.1753-4887.2012.00543.x

3. Cooke R, Foulder-Hughes L. Growth impairment in the very preterm and 
cognitive and motor performance at 7 years. Archives of disease in childhood 
2003;88(6):482-7. DOI: 10.1136/adc.88.6.482

4. Mohammed SH, Habtewold TD, Abdi DD, Alizadeh S, Larijani B, Esmaillzadeh 
A. The relationship between residential altitude and stunting: evidence from> 
26 000 children living in highlands and lowlands of Ethiopia. British Journal of 
Nutrition 2020;123(8):934-41. DOI: 10.1017/S0007114519003453

5. Igra AM, Warnqvist A, Rahman SM, Ekström E-C, Rahman A, Vahter M, et 
al. Environmental metal exposure and growth to 10 years of age in a longi-
tudinal mother-child cohort in rural Bangladesh. Environment International 
2021;156:106738. DOI: 10.1016/j.envint.2021.106738

6. Mohammed SH, Muhammad F, Pakzad R, Alizadeh S. Socioeconomic inequal-
ity in stunting among under-5 children in Ethiopia: a decomposition analysis. 
BMC research notes 2019;12:1-5. DOI: 10.1186/s13104-019-4229-9

7. Rashidi K, Darand M, Garousi N, Dehghani A, Alizadeh S. Effect of infant 
formula supplemented with prebiotics and probiotics on incidence of respira-
tory tract infections: A systematic review and meta-analysis of randomized 
clinical trials. Complementary Therapies in Medicine 2021;63:102795. DOI: 
10.1016/j.ctim.2021.102795

8. Janmohammadi P, Nourmohammadi z, Fazelian S, Mirzababaei A, Alizadeh 
S, zarei M, et al. Does infant formula containing synbiotics support adequate 
growth in infants? A meta-analysis and systematic review of randomized con-
trolled trials. Critical Reviews in Food Science and Nutrition 2023;63(6):707-
18. DOI: 10.1080/10408398.2021.1952548

9. zeng X, Xu X, Qin Q, Ye K, Wu W, Huo X. Heavy metal exposure has adverse 
effects on the growth and development of preschool children. Environmental 
geochemistry and health 2019;41:309-21. DOI: 10.1007/s10653-018-0114-z

10. Schoeters G, Hond ED, zuurbier M, Naginiene R, Van Den Hazel P, Stilianakis 
N, et al. Cadmium and children: exposure and health effects. Acta Paediatrica 
2006;95:50-4. DOI: 10.1080/08035320600886232

11. Pinot F, Kreps SE, Bachelet M, Hainaut P, Bakonyi M, Polla BS. Cadmium in the 
environment: sources, mechanisms of biotoxicity, and biomarkers. Reviews on 
environmental health 2000;15(3):299-324. DOI: 10.1515/reveh.2000.15.3.299

12. Mahmood Q, Asif M, Shaheen S, Hayat MT, Ali S. Cadmium contamination in water 
and soil. Cadmium toxicity and tolerance in plants: Elsevier; 2019. p. 141-61.

13. Bernard A. Renal dysfunction induced by cadmium: biomarkers of 
critical effects. Biometals 2004;17:519-23. DOI: 10.1023/b:bi-
om.0000045731.75602.b9

14. Qing Y, Yang J, Chen Y, Shi C, zhang Q, Ning z, et al. Urinary cadmium in 
relation to bone damage: Cadmium exposure threshold dose and health-
based guidance value estimation. Ecotoxicology and Environmental Safety 
2021;226:112824. DOI: 10.1016/j.ecoenv.2021.112824

15. Cao Y, Chen A, Radcliffe J, Dietrich KN, Jones RL, Caldwell K, et al. Postnatal 
cadmium exposure, neurodevelopment, and blood pressure in children at 2, 5, 
and 7 years of age. Environmental health perspectives 2009;117(10):1580-
6. DOI: 10.1289/ehp.0900765

16. Ebrahimi M, Khalili N, Razi S, Keshavarz-Fathi M, Khalili N, Rezaei N. Effects 
of lead and cadmium on the immune system and cancer progression. Journal 
of Environmental Health Science and Engineering 2020;18:335-43. DOI: 
10.1007/s40201-020-00455-2

17. Bernard A. Cadmium & its adverse effects on human health. Indian journal 
of medical research 2008;128(4):557-64.

18. Hossny E, Mokhtar G, El-Awady M, Ali I, Morsy M, Dawood A. Environmental 
exposure of the pediatric age groups in Cairo City and its suburbs to cadmi-
um pollution. Science of the Total Environment 2001;273(1-3):135-46. DOI: 
10.1016/s0048-9697(00)00848-2

19. Geng H-X, Wang L. Cadmium: Toxic effects on placental and embryonic devel-
opment. Environmental toxicology and pharmacology 2019;67:102-7. DOI: 
10.1016/j.etap.2019.02.006

20. Winiarska-Mieczan A. Cadmium, lead, copper and zinc in breast milk in 
Poland. Biological trace element research 2014;157:36-44. DOI: 10.1007/
s12011-013-9870-x

21. Barański B. Effect of cadmium on prenatal development and on tissue 
cadmium, copper, and zinc concentrations in rats. Environmental research 
1987;42(1):54-62. DOI: 10.1016/s0013-9351(87)80006-3

22. Webster WS. Cadmium-induced fetal growth retardation in the mouse. 
Archives of Environmental Health: An International Journal 1978;33(1):36-
42. DOI: 10.1080/00039896.1978.10667306

23. Huang S, Kuang J, zhou F, Jia Q, Lu Q, Feng C, et al. The association between 
prenatal cadmium exposure and birth weight: A systematic review and 
meta-analysis of available evidence. Environmental Pollution 2019;251:699-
707. DOI: 10.1016/j.envpol.2019.05.039

24. Gardner RM, Kippler M, Tofail F, Bottai M, Hamadani J, Grandér M, et al. Envi-
ronmental exposure to metals and children’s growth to age 5 years: a pro-
spective cohort study. American journal of epidemiology 2013;177(12):1356-
67. DOI: 10.1093/aje/kws437

25. Olszowski T, Baranowska-Bosiacka I, Rębacz-Maron E, Gutowska I, Jamioł 
D, Prokopowicz A, et al. Cadmium concentration in mother’s blood, milk, and 
newborn’s blood and its correlation with fatty acids, anthropometric char-
acteristics, and mother’s smoking status. Biological trace element research 
2016;174:8-20. DOI: 10.1007/s12011-016-0683-6

26. Wang H, Dumont X, Haufroid V, Bernard A. The physiological determinants of 
low-level urine cadmium: an assessment in a cross-sectional study among 
schoolchildren. Environmental Health 2017;16:1-12. DOI: 10.1186/s12940-
017-0306-5

27. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS medicine 
2009;6(7):e1000097. DOI: 10.1371/journal.pmed.1000097

28. Wells G, Shea B, O’connell D, Peterson J, Welch V, Losos M, et al. The 
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised 
studies in meta-analyses. Ottawa Hospital Research Institute. Clinical Epi-
demiology 2016.

29. Pourhassan B, Meysamie A, Alizadeh S, Habibian A, Beigzadeh z. Risk of 
obstructive pulmonary diseases and occupational exposure to pesticides: a 
systematic review and meta-analysis. Public Health 2019;174:31-41. DOI: 
10.1016/j.puhe.2019.05.024

30. Raeisi T, Mozaffari H, Sepehri N, Darand M, Razi B, Garousi N, et al. The 
negative impact of obesity on the occurrence and prognosis of the 2019 
novel coronavirus (COVID-19) disease: a systematic review and meta-anal-
ysis. Eating and Weight Disorders-Studies on Anorexia, Bulimia and Obesity 
2021:1-19. DOI: 10.1007/s40519-021-01269-3

31. Mohseni R, Mohseni F, Alizadeh S, Abbasi S. The association of dietary 
approaches to stop hypertension (DASH) diet with the risk of colorectal 
cancer: a meta-analysis of observational studies. Nutrition and cancer 
2020;72(5):778-90. DOI: 10.1080/01635581.2019.1651880

32. DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled clinical 
trials 1986;7(3):177-88. DOI: 10.1016/0197-2456(86)90046-2

33. Razi B, Alizadeh S, Omidkhoda A, Imani D, Rezaei R. Association of 
chronic hepatitis B infection with metabolic syndrome and its compo-
nents: meta-analysis of observational studies. Diabetes & Metabolic Syn-
drome: Clinical Research & Reviews 2017;11:S939-S47. DOI: 10.1016/j.
dsx.2017.07.020

34. Ashley-Martin J, Dodds L, Arbuckle TE, Lanphear B, Muckle G, Bouchard MF, 
et al. Blood metal levels and early childhood anthropometric measures in a 
cohort of Canadian children. Environmental research 2019;179:108736. DOI: 
10.1016/j.envres.2019.108736

35. Fábelová L, Vandentorren S, Vuillermoz C, Garnier R, Lioret S, Botton J. 
Hair concentration of trace elements and growth in homeless children 
aged< 6 years: Results from the ENFAMS study. Environment international 
2018;114:318-25. DOI: 10.1016/j.envint.2017.10.012

36. Huzior-Bałajewicz A, Pietrzyk JJ, Schlegel-zawadzka M, Piątkowska E, 
zachwieja z. The influence of lead and cadmium environmental pollution 
on anthropometric health factors in children. Przegląd Lekarski 2001;58(4).

37. Kippler M, Hossain MB, Lindh C, Moore SE, Kabir I, Vahter M, et al. Early 
life low-level cadmium exposure is positively associated with increased oxi-
dative stress. Environmental Research 2012;112:164-70. DOI: 10.1016/j.
envres.2011.11.012

38. Malin Igra A, Vahter M, Raqib R, Kippler M. Early-life cadmium exposure 
and bone-related biomarkers: a longitudinal study in children. Environmental 
Health Perspectives 2019;127(3):037003. DOI: 10.1289/EHP3655

39. Mbunga BK, Gjengedal EL, Bangelesa F, Langfjord MM, Bosonkie MM, 
Strand TA, et al. Heavy metals in children’s blood from the rural region 
of Popokabaka, Democratic Republic of Congo: a cross-sectional study 
and spatial analysis. Scientific Reports 2022;12(1):18576. DOI: 10.1038/
s41598-022-23332-4



701THE ASSOCIATION OF CADMIUM HEAVY METAL WITH GROWTH FAILURE IN CHILDREN − A SYSTEMATIC REVIEW
AND META-ANALYSIS 

[Nutr Hosp 2024;41(3):690-701]

40. Moody EC, Colicino E, Wright RO, Mupere E, Jaramillo EG, Amarasiriwardena 
C, et al. Environmental exposure to metal mixtures and linear growth in 
healthy Ugandan children. PloS one 2020;15(5):e0233108. DOI: 10.1371/
journal.pone.0233108

41. Örün E, Yalçın SS, Aykut O. Lead, mercury, and cadmium levels in breast 
milk and infant hair in the late period of lactation in Ankara, Turkey. Interna-
tional Journal of Environmental Health Research 2022;32(9):1950-61. DOI: 
10.1080/09603123.2021.1929872

42. Yang H, Huo X, Yekeen TA, zheng Q, zheng M, Xu X. Effects of lead and 
cadmium exposure from electronic waste on child physical growth. Environ-
mental Science and Pollution Research 2013;20:4441-7. DOI: 10.1007/
s11356-012-1366-2

43. Chandravanshi L, Shiv K, Kumar S. Developmental toxicity of cadmium in 
infants and children: a review. Environmental Analysis, Health and Toxicology 
2021;36(1):e2021003-0. DOI: 10.5620/eaht.2021003

44. Lin C-M, Doyle P, Wang D, Hwang Y-H, Chen P-C. Does prenatal cadmium 
exposure affect fetal and child growth? Occupational and environmental med-
icine 2011;68(9):641-6. DOI: 10.1136/oem.2010.059758

45. Sripada K, Lager AM. Interventions to reduce cadmium exposure in low-and 
middle-income countries during pregnancy and childhood: A systematic review. 
Journal of global health 2022;12 :04089. DOI: 10.7189/jogh.12.04089

46. Schaefer HR, Dennis S, Fitzpatrick S. Cadmium: Mitigation strategies to 
reduce dietary exposure. Journal of food science 2020;85(2):260-7. DOI: 
10.1111/1750-3841.14997

47. Bernhoft RA. Cadmium toxicity and treatment. The Scientific World Journal 
2013;2013. DOI: 10.1155/2013/394652

48. Mitra S, Chakraborty AJ, Tareq AM, Emran TB, Nainu F, Khusro A, et al. Impact 
of heavy metals on the environment and human health: Novel therapeu-
tic insights to counter the toxicity. Journal of King Saud University-Science 
2022;34(3):101865. DOI: 10.1016/j.jksus.2022.101865

49. Fatima G, Raza AM, Hadi N, Nigam N, Mahdi AA. Cadmium in human diseas-
es: It’s more than just a mere metal. Indian Journal of Clinical Biochemistry 
2019;34:371-8. DOI: 10.1007/s12291-019-00839-8

50. Knoell DL, Wyatt TA. The adverse impact of cadmium on immune function 
and lung host defense. Semin Cell Dev Biol 2021;115:70-6. DOI: 10.1016/j.
semcdb.2020.10.007.

51. Lafuente A, Márquez N, Pérez-Lorenzo M, Pazo D, Esquifino AI. Cad-
mium effects on hypothalamic-pituitary-testicular axis in male rats. 
Experimental biology and Medicine 2001;226(6):605-11. DOI: 
10.1177/153537020122600615

52. Mimouna SB, Chemek M, Boughammoura S, Banni M, Messaoudi I. Ear-
ly-life exposure to cadmium triggers distinct zn-dependent protein expression 
patterns and impairs brain development. Biological trace element research 
2018;184:409-21. DOI: 10.1007/s12011-017-1201-1

53. Martelli A, Rousselet E, Dycke C, Bouron A, Moulis J-M. Cadmium tox-
icity in animal cells by interference with essential metals. Biochimie 
2006;88(11):1807-14. DOI: 10.1016/j.biochi.2006.05.013

54. Qiao Y, zhang W, Tian P, Meng F, zhu H, Jiang X, et al. Stimulation of 
bone growth following zinc incorporation into biomaterials. Biomaterials 
2014;35(25):6882-97. DOI: 10.1016/j.biomaterials.2014.04.101

55. Rivera JA, Hotz C, González-Cossío T, Neufeld L, García-Guerra A. The 
effect of micronutrient deficiencies on child growth: a review of results 
from community-based supplementation trials. The Journal of nutrition 
2003;133(11):4010S-20S. DOI: 10.1093/jn/133.11.4010S

56. Arogbokun O, Rosen E, Keil AP, Milne GL, Barrett E, Nguyen R, et al. Maternal 
oxidative stress biomarkers in pregnancy and child growth from birth to age 
6. The Journal of Clinical Endocrinology & Metabolism 2021;106(5):1427-36. 
DOI: 10.1210/clinem/dgab018

57. Mohn A, Chiavaroli V, Cerruto M, Blasetti A, Giannini C, Bucciarelli T, et al. 
Increased oxidative stress in prepubertal children born small for gestational 
age. The Journal of Clinical Endocrinology & Metabolism 2007;92(4):1372-8. 
DOI: 10.1210/jc.2006-1344

58. Black RE, Brown KH, Becker S, Alim AA, Huq I. Longitudinal studies of infectious 
diseases and physical growth of children in rural Bangladesh: II. Incidence of 
diarrhea and association with known pathogens. American journal of epidemi-
ology 1982;115(3):315-24. DOI: 10.1093/oxfordjournals.aje.a113308




