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Abstract

Objective: Height is a multifactorial characteristic affected by genetics, hormonal and environmental factors. The aim of this study
was to systematically review the effects of environmental pollutants, chemical factors, and climate changes on children and adoles-
cents’ height.
Methods: This study searched scientific databases including PubMed, ISI Web of Science, and Scopus using key words such as “Envi-
ronmental Pollution”, “Climate Change”, “Growth”, “Body Height”, “Child and adolescent development”, and their combination. By
removing duplicates, relevant papers were selected in three phases. This review included studies that were conducted among chil-
dren and adolescents up to the age of 18. After the quality assessment, data was extracted by a reviewer and rechecked by another
one. The authors summarized information of 52 articles about the possible effects of environmental factors and climate change on
height. Articles were divided to four categories, including air, soil, water pollutants, and climate changes.
Results: The evidence indicates that exposure to environmental pollutants have different effects on height growth; some of them,
such as air pollution with lead, arsenic, fossil fuels and smoking, as well as exposure to nuclear radiation among children is asso-
ciated with shorter stature, while exposure to some soil pollutants and airport noise did not have any effect on children’s height
growth.
Conclusions: The current study proposes that exposure to some environmental pollutants and chemicals during childhood and
puberty might have negative effects on height growth. Therefore, various interventions are necessary for reducing the production
of these pollutants and the exposure of growing children to these environmental factors.
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1. Introduction

One of the indicators of health is height growth. Ge-
netic, hormonal, and environmental factors might affect
growth rate during various periods of life. Not long ago,
genetic was supposed as the only determinant of height
stature of children. Contrary to this hypothesis, stud-
ies, in which inheritance was assumed as the main rea-
son of shortness, have mentioned positive changes in chil-
dren’s height by altering some environmental conditions,
thus height is not merely affected by genetic factors (1-4).
Hormonal factors are other influential factors of height
growth. Growth Hormone (GH) is probably the most im-
portant hormone; any impairment in secretion can af-
fect height growth negatively. Even by hormonal therapy

in children with GH deficiency, optimal estimated height
growth is not achieved. In addition to internal factors,
nowadays, environmental pollutants, chemicals, and cli-
mate change are also highly considered to influence height
(5-8). It has been suggested that even low levels of pollu-
tants can negatively affect different health aspects, includ-
ing children’s height growth. Domestic sources or indoor
pollutants as the producers of harmful pollutants, such as
NO2 produced by ovens or smoking, have been noticed. In
addition to domestic sources, various outdoor pollutants
can affect children’s health and growth as well, e.g. coal, ra-
dioactive emissions, and Endocrine Disruptor Compounds
(EDCs). Moreover, climate change and rainfall have been
shown to influence height status (6-9).

Insecticides and pesticides are among those pollu-
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tants, which have been used widely both indoors and
outdoors. These pollutants effect children’s growth, and
some of them, such as dichlorodiphenyltrichloroethane,
are prohibited since long ago yet because of their effective-
ness, are still being used (1, 2).

Chemical factors, such as Arsenic, can enter the body
through water and inspiration has been shown to affect
children’s growth (3, 4).

Because of the importance of growth in children and
adolescents, identifying modifiable factors that might af-
fect children’s height would be useful. Based on what
was mentioned above and controversial reports of previ-
ous studies, this study was conducted to provide a general
systematic review of environmental pollutants, chemical
factors, and climate changes on children and adolescent’s
height.

2. Methods

To find relevant literature regarding the relationship
between environmental factors and climate changes and
height, the researchers searched scientific databases, in-
cluding PubMed, ISI Web of Science, and Scopus with no
restriction of time, during year 2014.

Scopus was searched via Emtree Thesaurus terms and
pubmed via Medical Subject heading (MeSH) and also key
words including “Air Pollution” (5) OR “Air Polutants” (5)
OR “Water Pollution” (5) OR “Water Polutants” (5) OR “En-
vironmental Pollution” (5) OR “Soil Pollutants” (5) OR “Cli-
mate Change” (5) AND (“Growth” (5) OR “Child Develop-
ment” (5) OR “Growth and Development” (5) OR “Adoles-
cent Development” (5) OR “Body Height” OR “Body weight
and Measures” (5)) AND (“Child” (5) OR “Child, Preschool”
(5) OR “Adolescent” (5)).

EndNote software was utilized in order to eliminate
duplicated studies. Two reviewers separately read the ti-
tle and abstract of selected studies. In this step, only rele-
vant articles were selected for the review and non - relevant
articles were declined. After that, full text of papers was
retrieved and read carefully for extraction of the needed
data. If there was any disagreement between the two re-
viewers, it was solved with consultation and consensus.

In the next step, the eligibility of relevant papers was
checked. The authors included papers conducted on chil-
dren and adolescents up to age 18, and provided data
on the effects of environmental pollutants and/or climate
changes on the height of children and/or adolescents. The
studies were conducted between years 1975 and 2013.

The researchers excluded papers, which reported pa-
rameters of growth other than height, or reported body
mass index (BMI) without providing the results of height
separately.

Identification of main findings of studies was con-
ducted on a case - by - case basis and included statisti-
cal analyses that might have been conducted, with consis-
tency of the general pattern across exposure groups.

The following items were extracted from relevant pa-
pers:

a. general information of the study (first author’s
name, publication year, location of the study, years of the
study, and study design); b. the information of the study
population (gender and age of participants and sample
size); c. the aim of the study; and d. the study findings
about the effect of environment on height. One reviewer
extracted the data and the other checked the extracted
data.

3. Results

In the initial search, 1746 articles were found that
matched the searched terms. After studying their ab-
stracts, appropriate studies consistent with inclusion crite-
ria of the current review were selected and 52 articles were
included (Figure 1).

Aticles identified through electronic 
database searches (n = 1791) 
(Pubmed: 672; Scopous: 1119) 

Removed duplicate articles 
(n = 324)

Excluded nonrelevant 
articles (n = 1371) 

Articles identified through 
reference checking (n = 10)

Excluded full texts 
(n = 44)

Full-text articles assessed 
for eligibility (n = 106) 

Full-text articles included 
(n = 52) 

Articles screened by title and 
abstract (n = 1467) 

Retrieved full text 
(n = 96) 

Figure 1. Study Flowchart

Articles allocated to four categories, including soil pol-
lutants (10 articles), air pollutants (33 articles), water pollu-
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tants (6 articles), and climate change (3 articles).

3.1. Soil Pollutants

Among included articles, 10 studies were about soil.
The pollutants were:

1. Polybrominated Biphenyl (PBB)

2. Polychlorobiphenyls (PCB)

3. DIOXINs

4. P,P’- dichlorodiphenyldichloroethylene (P,P’-DDE)

5. P,P’- dichlorodiphenyltrichloroethane (P,P’-DDT)

6. Polychlorinated Organic Compounds (POCs)

7. Dichlorodiphenyldichloroethylene (DDE)

8. Cadmium

9. 1 - hydroxypyrene (1 - OHP)

Seven of these articles assessed the effect of PCBs as
soil pollutants on height growth; five of them did not re-
port any significant association between PCBs and height
growth of children (6-10), whereas two studies found sig-
nificant associations between PCBs and their different
combinations on height stature and low BMI in first year
of life (11, 12).

The next soil pollutant was DDE that was assessed in
four studies. In an evaluation about concentration of P, P’-
DDE amongst breastfed children of exposed mothers, in in-
fants aged up to six months, height growth was not influ-
enced (7), whereas in two other studies, prenatal DDE ex-
posure was in accordance with shortness of all ages, espe-
cially in four- to seven - year-old age group (1, 2). A study
that assessed DDE exposure effects according to gender,
showed that this exposure was in association with female’s
height for about 1.8 cm shorter stature, yet it seemed not to
have any effects on male’s height (9).

Some studies reported that exposure to P, P’ - DDT, DDE,
and PBB did not affect height growth rate (6, 13). In another
study, the significant effect of dioxin on height growth
was shown (11). According to the results of another study,
Cadmium exposure affected both males and females neg-
atively and caused failure to thrive (FTT), yet 1 - OHP only
affected males (10).

3.2. Water Pollutants

A total of six articles were about the effects of water pol-
lutants on height growth. A study showed that treated wa-
ter affected height stature positively, especially in one- to
four - year - old children; these reports were compared with
consumption of both treated and untreated water, concur-
rently (14).

Methyl - mercury high concentration in umbilical cord
blood had a negative correlation with height growth in 18
- month - old children (15). In another study, the family fish
consumption was not in accordance with mental develop-
ment and linear growth of less than five - year - old children
(3).

It is presented that Arsenic exposure in early childhood
might have considerable negative effects on height and
weight, whereas prenatal exposure had lower effects, with
prominence in females (4). In another study, the average
height of children exposed to Arsenic, Fluoride or both was
lower than their counterparts (16).

Intrauterine exposure to persistent organochlorine
pollutants (POPs), defined as fish consumption of preg-
nant mothers, is presented to be in association with lower
average height in comparison with controls (17).

3.3. Air Pollutants

Among air pollutants, most studies have been con-
ducted on the effects of exposure to lead and cigarettes
smoke. One study reported no significant association be-
tween prenatal lead exposure and height growth at the
age of four (18); likewise, another study did not present
any association between mid-pregnancy exposure to lead
and height growth in the entire pediatric age group (19).
Another study revealed opposite results and reported that
both prenatal and postnatal lead exposure might cause
short stature of two- to three - year - old children (20); like-
wise another study reported the same results in children
less than two years old (18). Six studies found that expo-
sure to lead could have a negative influence on children
and adolescents’ height (21-26). A study reported an asso-
ciation between higher blood lead levels and shorter aver-
age height, yet this result was not statistically significant
in comparison to controls (27). Overall, eight to ten articles
had referred to the impact of lead on short stature and two
other papers did not confirm this relationship.

Among studies about the effects of passive smoking
on children’s height growth, six papers presented signif-
icant negative effects on children’s height. In these stud-
ies, cigarette smoking of pregnant mothers, smoking of
mother or both parents after childbirth, and exposure of
children to tobacco smoke were all associated with chil-
dren’s short stature (28-33). In another study, children of
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smoker mothers had shorter height, yet this was not sta-
tistically significant (34). Some studies had contradictory
findings and did not find any association between parental
smoking and height growth in children (35-37). Overall,
among ten articles about smoking, six studies confirmed
the association of smoking with short stature of children,
and four studies did not.

Four studies had assessed the effects of fossil fuels and
the use of gas for cooking at home and their impact on
children’s height. All these papers suggested the possi-
ble relationship of children short stature and fossil fuels
and gas use (32, 38-40). Significant association between
males’ height and intrauterine exposure to fossil fuels
was reported while no association was found in females
(41). However, another study did not find any associa-
tion between fossil fuels consumption and children height
growth regardless of gender (42).

In two different studies, living near landfills, as an en-
vironmental factor, was significantly associated with short
stature in children, presented separately by Paigen B et al.
and Ocampo CE et al. (43, 44).

Two studies reported a significant association between
environmental air pollution and height growth in the pe-
diatric age group. Cleaner air status posed better height
growth (45, 46).

The negative effects of exposure to cadmium and ar-
senic on children’s height growth were documented in
two studies; these effects were greater in females. More-
over, growth period exposure had affected growth rate in
a more negative manner in comparison to prenatal expo-
sure (47, 48).

Living in the vicinity of airport causing noise exposure
did not affect height growth (49). It was reported that liv-
ing in Hiroshima caused shorter stature, as these children
were exposed to high doses of nuclear radiations (50).

3.4. Climate Changes

A group of researchers found that rainfall changes in-
fluenced two- to five - year - old female’s height in a negative
manner, yet there was no significant association in other
age groups (11). In a study in Amazon, different ranges of
rainfall during early childhood had a negative association
with adult female height. Among females, each 10% in-
crease in the coefficient of variation of rainfall during the
age of two to five years old was associated with 0.7% to 1.2%
shorter adult height. This study suggested that environ-
mental distresses after cessation of weaning might have
the strongest effects on adult height (51).

A study in Tibet conducted by Argnani et al. showed
that living in higher altitudes might be associated with
short stature of children (52).

4. Discussion

This review proposes that some environmental pollu-
tants and chemicals have adverse effects on height growth.
Products that disrupt the endocrine system are those per-
sistent organic compounds in the nature including; PCB,
PBB and P, P’- DDT. Maternal exposure to these products
in nature, especially through the soil, can lead to trans-
fer of these pollutants to children. In the study of Pan et
al. during year 2010 in USA, the breast milk levels of these
pollutants and also children’s blood levels were measured,
thereafter height growth charts were evaluated, and re-
sults did not show a significant association (50). Five other
similar studies reported the same results (6, 8, 9, 13, 25).
However, Burns et al. (2011) reported a significant associ-
ation between children short stature and exposure to PCB,
PBB, P,P’- DDT, and Dioxin (11). Burns et al. in the study con-
ducted during 2012 on 499 males represented this signifi-
cant effect, especially in eight- and nine - year - olds (2).

Dhooge et al. measured the urinary level of cadmium
in 14- to 15 - year - old males and females and found that
higher levels of cadmium negatively affected children’s
growth (10).

In the study of Esrey et al. in 1988, the height difference
of children, who used treated water in comparison with
children, who used refined and untreated water was con-
currently significant. Refined water usage was associated
with greater height growth among one- to four - year - old
children yet not infants. This association was to the extent
that 4.4 centimeter more height growth was expected in
the first five years of life (14).

In two studies about the effect of methyl mercury
found in sea food on children’s linear height growth, one
mentioned negative effect in 18 months while the other
presented no effect in children under five years old (3, 15).

Saha et al. found the dramatic effect of postnatal ar-
senic exposure yet not prenatal (19), which was similar to
another study (16).

In the study of Rylander et al. in 2007 in Sweden, in-
trauterine exposure to POPs due to mother’s fish consump-
tion was evaluated and the results showed that the average
height of POPs - exposed children was lower in compari-
son with the control group in a way that children of moth-
ers, who had consumed more fish during pregnancy, had
shorter height amongst four- to seven - year - olds (17).

In 2008, Lamb et al. reported that prenatal lead expo-
sure was not significantly associated with height growth
(19). Based on the results, postnatal lead exposure in the
first 48 months affected height growth more in compar-
ison to prenatal exposure. Also, linear height growth in
postnatal first 48 months of lead exposure was not statisti-
cally significant in comparison to the prenatal period (18).
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In the study of Mahram et al., lead exposure did not have
a negative effect on height growth (27). While in the study
of Sanna et al. conducted in Italy, significant effect of lead
exposure on height growth in 11- to 14 - year - old children
in comparison with the control group was mentioned (25).
Other seven reports indicated that living in areas with lead
polluted air could lead to children’s short stature as com-
pared with the control group (18, 20-24, 26).

In Japan, in 2012, Ino et al. assessed the effect of mater-
nal smoking on height growth of 1366, nine- to ten - year -
old children and found shorter stature of children whose
mothers were exposed to cigarette smoke as compared
with those whose mothers weren’t exposed (35). Similar re-
sults were presented by five other studies (28-30, 32, 33). In
2013, in the similar study of Yang et al. on 6.5 - year - old chil-
dren, parental smoking and children growth did not have a
significant association (35). This was also reported by three
other studies (34, 36, 37).

In the study of Kyu et al., use of fossil fuels caused a
reduction in children’s height growth (32). In four other
studies conducted in different regions from 2007 to 2011,
significant impact of fossil fuels and related pollutants on
short stature of children were represented (38-41). How-
ever, in a study on South African children, no association
between biomass usage and height growth in six- to 36 -
month - old children after adjustment of age, gender, and
birth weight was found (42).

Ocampo in Colombia found that near landfills birth
was in accordance with lower Z - Score, while this effect was
not found among people, who had migrated to these areas
(44). Paigen et al. stated that people that lived in these ar-
eas for at least a duration of 75% of their lives had shorter
height (43).

Bobak et al. mentioned after - birth air pollution expo-
sure as an underlying factor for short stature of children
(45). They also presented air pollution inverse association
with height in all ages except 15 - year - olds. Two years living
in air polluted areas caused a 0.6 - cm shorter height of chil-
dren. This height difference increased to 1.2 cm by seven
years of living in polluted areas yet the difference was grad-
ually reduced and at last no significant association was re-
ported in 15 - year - old adolescents (46).

In a cohort study about maternal and fetal exposure to
lead and cadmium on height growth of Bangladeshi chil-
dren up to five years old, the higher urinary concentra-
tion of lead and cadmium in both mothers and fetuses was
in association with shorter height of fetuses (47), this was
similar to the results of the study of Lin et al. on three - year-
old children (48).

In 1985, Lawrence et al. investigated the effects of air-
port noise on children’s height growth yet they did not find
any association compared with the control group (49).

Another study presented that children exposed to high
doses of nuclear radiation in Hiroshima and Nagasaki had
shorter height. Being exposed to radiation at younger ages
affected height growth more steeply (50).

Godoy et al. in two different studies about the associ-
ation of rainfall, rainfall changes, and temperature with
height growth, reported that the level and CV of rain dur-
ing the first four years of age were associated with taller
stature (51, 53).

Argnani et al. in 2008 compared Tibetan children lin-
ear growth and altitude of living location. They presented
an average reduction in linear growth of children living at
4000 meters in comparison with those at 3500 meters yet
it seemed this difference was due to weaker nutritional and
socio - economic conditions of these people (52).

4.1. Conclusion

According to the available evidence and review of the
articles that have been retrieved in this systematic review,
the presence and exposure to some of the chemical and
environmental pollutants is related to the growth, and es-
pecially the height of children and adolescents. Although
other possible confounders may be feasible in such investi-
gations, and in order to determine and make a more defini-
tive statement, the use of some tools (meta - analysis meth-
ods) to quantitatively demonstrate the impact of the re-
lationship between the presence of environmental pollu-
tants and the height of children and adolescents seems
useful, yet according to the evidence, it seems that the ef-
fect of these pollutants on the height of children and ado-
lescents is undeniable. Below is a summary of some avail-
able evidence:

Among soil pollutants, dioxin, cadmium, and 1 - OHP
and among water pollutants, exposure to POPs, arsenic, flu-
oride, and untreated water affected height growth of chil-
dren. Also, air pollution and levels of lead, cadmium and
arsenic in the air, exposure to tobacco smoke, the use of fos-
sil fuel at home for cooking and exposure to nuclear radia-
tion among children was associated with shorter stature.

On the other hand, exposure to PCBs, PBB and P,P’-
DDT, and airport noise, as environmental pollutant, did
not have any impact on children’s height growth.

Regarding DDE and P,P’- DDE in soil and also methyl
- mercury exposure by seafood consumption, amount of
rainfall, changes in rainfall and sea surface height and
their impact on height growth, due to contradictory re-
sults, further studies are suggested.

Considering the adverse effects of these pollutants on
human health, programs for public health intervention to
reduce environmental pollutants, and short height protec-
tion is necessary.
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SupplementaryMaterial

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal web-
site and open PDF/HTML].
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