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Abstract
Exposure to lead among children, as well as adults, is a major global health issue. With diverse routes of exposure (e.g., food, 
air, and water) either environmentally or occupationally, lead among children can cause mild, moderate, to severe health 
complications in the later stages of life. The average blood lead level reported by CDC in 2021 is 3.5 µg/dL, and the level 
of blood lead toxicity is ≥ 10 μg/dL. In this study, we planned to systematically analyze the association between blood lead 
levels (BLLs) (≥ 10 μg/dL and < 10 μg/dL) and the risk of anemia (hemoglobin level < 11 g/dL) among Indian children aged 
between ≥ 1 and ≤ 18 years. An online literature search of 5 databases, PubMed, Ovid, EMBASE, Web of Science, and Google 
Scholar was accomplished with a search updated until  8th March 2021. Study designs included cohort, cross-sectional, and 
case–control studies that have evaluated the association of lead toxicity or exposure with anemia (Hb < 11 g/dL) reported in 
urban and/or rural Indian children. Meta-analysis was performed among a total of 864 children from 4 cross-sectional stud-
ies. The association between lead toxicity (BLLs ≥ 10 μg/dL) and the risk of being anemic was not statistically significant 
(RR = 1.15 (95% CI: 0.86–1.55, I2 = 77%). The risks of bias in all included studies were low according to the Newcastle 
Ottawa Scale. Increased blood lead levels did not appear to be the major contributor to anemia in Indian Children. We need 
to focus primarily on improving the nutritional quality, fortified food supplements, and a balanced diet for children to reduce 
the anemia burden in India. Lead toxicity should be sought as an etiological factor only in areas of high environmental risk 
factors which were leaded paints, leaded batteries, a house near major road/traffic areas, and pesticide exposure.
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Introduction

Lead is considered to be heavy metal and constitutes one of 
the major environmental pollutants and quantitative occur-
rence of lead has been reported in water, soil, air, and other 
organisms (Kiani et al. 2021) which is a major toxic com-
ponent of the food chain. Varied average blood lead level 
(BLL) among infants, children, patients, ordinary people, 
pregnant women, industrial workers, and disease-specific 
patients has been reported in population (Kiani et al. 2021; 
Mahmoudi et al. 2018). The use of lead in the past has 
resulted in its widespread distribution in the present envi-
ronment (Tong et al. 2000). Environmental exposure to lead 
among children at an early stage has many serious health 
consequences causing neurobehavioral, cognitive, physical 
impairments (Nussbaumer-Streit et al. 2020), organ dam-
age, seizures, and anemia (Tong et al. 2000; Mason et al. 
2014). In a study, lead toxicity has been linked with the 
socioeconomic status of the family, with impoverished 
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children being more prone to exposure (Attina Teresa M. and 
Trasande Leonardo 2013; Bellinger 2008; GBD Risk Factor 
Collaborators 2018). In Europe, evironmental lead causes 
3% of the total DALYs (disability-adjusted life years) in chil-
dren (Rojas Rueda 2019). Water pipes, soldering, consumer 
products, soil, a house near a major road, leaded paints, and 
gasoline were reported as major exposure sources of lead 
(Tong et al. 2000; Miranda 2011).

In a recently published study, an association between 
iron deficiency anemia (SMD = 2.40; 95% CI 0.93–3.87; 
p = 0.0014) and higher blood lead levels (> 10 µg/dL) has 
been reported among children (Farkhondeh et al. 2021). 
Similarly, another systematic review reported prevalence 
rates of iron deficiency (27.7%) and iron deficiency anemia 
(18.2%) among children (Akbari et al. 2017; Nazari et al. 
2019). An association between higher blood and erythrocyte 
lead levels, and iron deficiency among children has been 
reported (Saghazadeh and Rezaei 2017).

Blood lead levels in Indian children

In India, lead toxicity accounts for ~ 0.6% of the global bur-
den of disease (National Health Portal 2017). The Ministry 
of Environment, Forest and Climate Change, Government 
of India passed a notification in November 2016 entitled 
“Regulation on Lead contents in Household and Decorative 
Paints Rules, 2016)” prohibiting/limiting the content below 
90 ppm (parts per million) (National Health Portal 2017). 
According to the UNICEF report, over 275 million children 
in India are still suffering mild to severe side effects associ-
ated with lead poisoning (UNICEF and Pure Earth 2020). 
Although lead has been phased out in India since 2001 (Roy 
et al. 2009a, b), still lead toxicity has been linked with the 
nutritional status among Indian children (Srinivasa Reddy 
et al. 2011). Other Indian studies have also reported a higher 
prevalence of lead among children at all stages of the ages 
(Srinivasa Reddy et al. 2011; Kalra et al. 2003; Arlappa 
et al. 2008; Dhingra et al. 2009; Jain et al. 2005). Exposure 
either environmentally or occupationally has always been a 
serious issue globally, which is a result of industrialization 
(Tong et al. 2000). Countries, e.g., China, Argentina, India, 
Tunisia, Malaysia, Ethiopia, and Ghana, are still selling lead-
based paints in markets (Kessler 2014). Children are more 
prone to get the exposure as compared to the adults, being 
active in playing and accessibility (soil and dust); less aware-
ness makes children a carrier of lead (Bellinger 2008). In a 
study, dust from houses has been reported as a major con-
tributor to blood lead toxicity among children (Nussbaumer-
Streit et al. 2020).

The Centers for Disease Control and Prevention (CDC) 
in 1991 defined a cutoff (BLL ≥ 10 μg/dL) as lead toxic-
ity among children (CDC Prevention Guidelines Database 

2016); however, even lower levels of BLLs among children 
have been reported with the cognitive function supporting 
the no safe limit of BLLs for children (Canfield et al. 2003; 
Lanphear 2007; Grandjean et al. 2010). Once lead enters 
the body, it causes irreversible neurological manifestations 
(Tong et al. 2000) which can be improved by introducing 
chelation agents; current evidence shows the reduction in the 
mortality of severe acute lead encephalopathy among chil-
dren with BLL > 45 μg/dL from the bone (O’Flaherty 1995). 
The mean half-life of blood lead among children (between 
8 and 38 months) is higher as compared to adults (15 days) 
and bone was found to be the major source of lead deposi-
tion (Manton et al. 2000). Prevention of lead contamination 
in the environment as well as exposure to the children to 
reduce the body burden and further clinical manifestations 
was emphasized (Chisolm 2001).

This study aimed to assess the association of blood 
lead levels with the risk of anemia among Indian children. 
Despite multiple health outcomes until now, no safe limit of 
blood lead levels among children and adults has been estab-
lished. Finding the association between blood lead levels and 
the risk of anemia in Indian children will help policymakers 
to formulate mitigation strategies to reduce lead exposure.

Methods

Protocol registration

This review followed the recommendations established in 
the MOOSE statement and has been registered in the PROS-
PERO database (registration number CRD42021245080).

Data sources and search strategy

PRISMA guidelines were followed to report the review 
(Liberati et al. 2009). Boolean operators ((((“environmen-
tal lead”) OR ((lead exposure) OR (Pb exposure) OR (lead 
Pb) OR (“Lead”[Mesh]) OR (lead toxicity) OR (lead toxic) 
OR (lead toxicology) OR (blood lead level))) AND ((defi-
ciency anaemia) OR (anaemia) OR (“Anemia”[Mesh]) OR 
(Anemias))) AND ((child) OR (children) OR (preschool 
children) OR (infant) OR (adolescent) OR (pediatric))) AND 
(India) were used for the PubMed, Ovid, EMBASE, Google 
Scholar, and Web of Science. Additionally, we have also 
searched Indian database (Indianjournals.com). The study 
included published literature until 8th March 2021.

Inclusion and exclusion criteria

Average blood lead toxicity level of  ≥ 10 µg/dL was consid-
ered (CDC) and compared with the risk of anemia. The pre-
sent study included cross-sectional studies for quantitative 
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analysis (meta-analysis); other study designs cohort and 
case–control were also included in the review part which 
reported the blood lead levels and its association with risk 
of anemia among Indian children. All studies published in 
the English language were included in the current systematic 
review and meta-analysis.

Data collection and study selection

In the initial search, 949 articles were obtained for the title 
and abstract screening; after screening the articles as per the 
inclusion criteria, finally 8 articles for qualitative (systematic 
review) and 4 articles for quantitative (meta-analysis) were 
selected. Details of authors, city, year, study type, setting, 
exposure, sample size, age range (years), blood lead level 
cutoffs, and anemia cutoffs among Indian children were 
extracted and recorded. Data screening (VSM, PP), data 
extraction (VSM, KS), and risk of bias assessment (VSM, 
MaS, HS) were accomplished by two authors independently. 
Any discrepancy was resolved by joint conversation (MaS, 
AC, AA).

Study quality evaluation

The Newcastle Ottawa scale for cross-sectional (5), cohort 
(2), and case–control (1) studies were used for the quality 
evaluation in the current study (Malik et al. 2020).

Data synthesis and statistical analysis

After extracting the results, the studies were pooled to evalu-
ate the association of lead toxicity (BLLs ≥ 10 µg/dL) with 
the occurrence of anemia (Hb < 11 g/dL). The meta-analysis 
was done in RevMan V5.4 software using the random effect 
model as there was significant heterogeneity. The hetero-
geneity between studies was assessed using the I2-statistic 
based on the cutoffs mentioned in the Cochrane hand-
book. Heterogeneity above 50% was considered substantial 
whereas above 75% was considered considerable heteroge-
neity. Outcomes were presented with 95% CI as suggested 
by Higgins and colleagues (Malik et al. 2020; Krüger et al. 
2016; Lasselin et al. 2016).

Results

Study characteristics

A total of 949 published research papers were retrieved by 
the search strategy, of which 780 remained after deleting the 
duplicate studies. After screening the abstracts and titles, 
683 records were excluded and 97 articles were included for 
full-text assessment. Among them, 85 were excluded with 

reasons (adult data, animal models, outcome or intervention 
not reported, book chapter, editorial, studies conducted out 
of India, review articles, and randomized controlled trials) 
reported in the PRISMA chart (shown in Fig. 1). For the final 
qualitative assessment, we have included a total of 8 studies 
having a total sample size of 2138 children. The main charac-
teristics of the studies included were summarized (Table 1). 
All observational studies were from Chennai, Hyderabad, 
Lucknow, Nagpur, New Delhi, and Vellore. Four studies were 
pooled to calculate the odds of developing anemia in children 
with lead toxicity. Four studies were not included in the meta-
analysis because studies have not collected, reported, and ana-
lyzed the data as per inclusion and exclusion criteria required 
to analyze for the current systematic review and meta-analysis 
(Table 1).

Quality evaluation

The Newcastle Ottawa Scale was applied on cross-sectional, 
cohort, and case–control studies separately (Malik et al. 2020) 
as shown (Table 1). All studies were judged to be of good qual-
ity (Supplementary Table 2).

Characteristics of the included studies

The current systematic review reported data from 8 studies 
with 2138 participants. Out of them, 1045 were anemic and 
1093 were non-anemic children. Among anemic, higher blood 
lead level (≥ 10 μg/dL) was observed in 730 and < 10 μg/dL 
in 315 Indian children. Similarly, among non-anemic out of 
1093 children, higher BLLs (≥ 10 μg/dL) were observed in 
760 and < 10 μg/dL in 333 children. For quantitative synthesis 
(meta-analysis), only cross-sectional studies were pooled that 
have reported the prevalence of anemia (Hb < 11 g/dL) with 
reported BLLs cutoffs (≥ 10 μg/dL and < 10 μg/dL).

Meta‑analysis

A random-effect model was used while pooling 4 studies 
(Fig. 2). The RR of developing anemia was 1.15 (95% CI: 
0.86–1.55) in children with lead toxicity compared to those 
without. This difference was not statistically significant.

Publication bias.
The funnel plot (standard error) of anemic children 

showed no obvious publication bias (Fig. 3).

Discussion

Current systematic review summarizes the association 
between lead toxicity and the risk of being anemic in 
Indian children. To the best of our knowledge, this is the 
first Indian study summarizing the data on the association 
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of lead exposure and anemia in children. Previous studies 
have reported a similar association with BLLs with risk 
of being anemic. In an Indian RCT, a reduction in 33% of 
median BLLs among iron-fortified food receiving group 
was reported, supporting iron-fortified as a community 
intervention especially for those living near industrial 
sites and lead-exposed areas (Zimmermann et al. 2006). 
High blood lead levels among children residing in Mumbai 
(Dharavi slum areas) were found to be associated with 
heavy vehicular traffic and industrial activities around the 
area (Lal et al. 1991). In China and Bangladesh, children 
residing in the urban areas have a high prevalence of lead 
toxicity, where prevalence of BLLs (≥ 10 μg/dL) is > 60%. 
In the USA, the prevalence of BLLs between 10 and 20 μg/
dL among children aged between 4 and 12 years is 20% 
(Kaiser et al. 2001; Mathee et al. 2002). Even after phasing 
out of leaded gasoline, industrial exposure in children of 

low socioeconomic status continues to be a major source 
of lead toxicity (Roy et al. 2009a, b). In an urban study, 
there was a significant prevalence of high blood lead lev-
els (≥ 10 μg/dL) in school children which was found even 
after the prohibition of leaded gasoline (Kalra et al. 2013). 
National Family Health Survey (NFHS) report showed 
a significant increase in the number of children having 
elevated blood lead levels with nutritional deficiencies 
among those living near the industries and tidal creeks in 
Mumbai city (Niranjan 2006). A study by Bergdahl et al. 
showed a negative correlation of BLLs with Hb among 
children (Bergdahl et al. 1999). Elevated blood lead levels 
(≥ 10 μg/dL) were significantly associated with the risk 
of anemia and also influenced by the status of essential 
trace elements (Ahamed et  al. 2007). In a study lead, 
exposer was found to be linked with the lower survival 
time of erythrocytes which increases the fragility lacking 

Fig. 1  PRISMA chart
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the potassium in the cell (Jacob et al. 2000). Copper defi-
ciency has been observed among lead-exposed children 
with anemia which might be linked with the inhibition of 
iron metabolism (Klauder and Petering 1975).

In Nagpur, BLL among children with encephalopathy was 
seen, where higher BLLs have been significantly (p < 0.05) 
associated with Surma use, wasting, anemia, and paint 
removal from the house (A. Patel and Athawale 2009). In 
a population-based survey among pre-children residing in 
Nagpur city, various exposure sources (e.g., paint, pencils, 
crayons, and clay) revealed higher lead levels (≥ 10 μg/dL) 
among 67.7% of the children (A. B. Patel et al. 2001).

In the community-based study, trends of iron deficiency 
and lead toxicity in early childhood can affect child develop-
ment and school entry cognition (Mohan et al. 2014). Simi-
larly, in Vellore, elevated blood lead levels are commonly 
seen in children residing in the slums and were associated 
with poor cognition and anemia among pre-school children 
(Koshy et al. 2020).

Heterogeneity

In the current study, we observed 77% of heterogene-
ity which might be due to the wide age difference (> 1 
to ≤ 18 years), residential variation (cities), and the differ-
ence in the socio-economic status of the family.

Strength of the study

In this study, a meticulous review process, thoroughly 
searching of articles was accomplished. We included chil-
dren from India only having age range (> 1 to ≤ 18 years) 
residing in the urban locality and environmentally exposed 
areas.

Limitations

Age, gender, exposure duration, dietary exposure source, 
body composition, and nutrients could be the major limita-
tion of the current study. We have not analyzed the other 
heavy metals, exposure duration, sources, and nutritional 

Fig. 2  Risk of anemia among children with blood lead level cutoff

Fig. 3  Funnel plot

37561Environmental Science and Pollution Research  (2022) 29:37556–37564

1 3



status of the children, which may have a bearing on the lead 
levels, as well as the prevalence of anemia.

Conclusion

In previous studies, lead toxicity has been linked with mostly 
cognitive and neurobehavioral impairments. Systematic 
monitoring of hemoglobin, iron, and lead should be done 
among children, especially those living in the urban areas 
as well as in the vicinity of heavy traffic and industrial sites. 
Increased blood lead levels did not appear to be the major 
contributor to anemia in Indian children. We need to focus 
primarily on improving the nutritional quality, fortified food 
supplements, and a balanced diet for children to reduce the 
anemia burden in Indian. Lead toxicity should be sought 
as an etiological factor only in areas of high environmental 
risk factors which were leaded paints, leaded batteries, a 
house near major road/traffic areas, and pesticide exposure. 
In India, as nutritional anemia is very common, the effect 
of lead levels on anemia prevalence is less clear. We recom-
mend further studies are necessary to determine the role 
of blood lead levels in anemia burden among children in 
developing countries.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11356- 021- 18199-3.
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