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The “Lead Diet”:
Can Dietary Approaches Prevent or Treat Lead Exposure?
Katarzyna Kordas, PhD

A

It is important for pediatricians, public health workers, and
lthough blood lead levels (BLLs) have been declining
researchers to understand the state of the evidence so that recin the US for decades, pediatric lead exposure is an
ommendations to affected communities can be formulated apongoing public health issue. 1 Given the wellpropriately. This is particularly important in
documented cognitive deficits at BLLs <10 mg/
See related article, p •••
the face of crises such as Flint, Michigan,
dL, in 2012 the Centers for Disease Control
which lend understandable urgency to the
and Prevention (CDC) called for renewed
needs of frontline health workers to offer concrete guidance
efforts for the primary prevention of any lead exposure in
to anxious families.
children.2 Recent events in Flint, Michigan, also have served
This commentary will briefly review the state of the science,
to refocus the public and health professionals on the seriouscritically appraise the quality of the evidence, and highlight
ness of lead exposure. According to CDC statistics for years
research gaps. A systematic and exhaustive review of the lit2010-2014, 0.5%-0.6% of children (13 000-26 000) had conerature is beyond the scope of this commentary. Publications
firmed BLLs ≥10 mg/dL and 4%-6% (106 000-282 000)
included in the review were identified through searches in
≥5 mg/dL.3 Only 10%-18% of all children in the US aged <6
PubMed via use of key words such as “diet,” “nutrition,” and
years, however, had a BLL test during that period. A recent study
“nutrient” in combination with “lead” and “blood lead.” Refbased on a national clinical laboratory database reported an
erence sections of publications were scanned for further sources
overall prevalence of BLLs ≥10 mg/dL at 0.58% and ≥5 mg/dL
of information.
at 2.95% for the years 2009-2015, with certain US states and
My objective is to create a deeper awareness of the existing
cities particularly affected.4
evidence and, based on this body of work, a reasonable exWhether through contaminated water, lead-based paint, or
pectation with regard to the effectiveness of dietary apa combination of sources, the problem of lead exposure reproaches for children exposed to lead. The evidence is first
surfaces periodically in US municipalities like Flint, Michiorganized by type of dietary component (for example, spegan, Washington, DC, or Buffalo, New York,5-7 highlighting
cific nutrients), followed by a discussion of the potential for
issues of aging infrastructures, under-resourced communiprevention of exposure vs lowering of already-elevated BLLs.
ties, poor decision making, and environmental injustice. OverBecause each nutrient-based study may include findings with
laid on these systemic causes are personal poverty and complex
respect to nutritional status or intake (and therefore differfamily situations, potentially creating multiple threats to optimal
ent aspects of nutriture and metabolism), it is important to
child health and development, including factors such as poor
caution that studies of underlying nutritional deficiencies may
diet or low developmental stimulation.
produce different findings from evaluating intake. I will focus
Parents and frontline health workers often are left to figure
on the literature related to children to provide an accurate reout how to help affected children, posing questions regardflection of the state of evidence in the population group to
ing effective interventions. Because dietary approaches seem
which current recommendations apply. When data from studies
relatively easy to implement compared with, for example, lead
with human children or adults are scarce, animal-based studies
abatement or replacing old plumbing infrastructure, the conare included. It is also important to acknowledge that expoversation often turns to dietary recommendations. The 2012
sure in utero may be a common scenario and that separate litCDC report highlights the role of pediatricians in educating
erature exists on potential links between diet, nutrition,
families on nutrition as one primary prevention approach.2 It
should be emphasized that the prevention of lead exposure
metabolism, and lead exposure during pregnancy.
among vulnerable populations is the best solution to this
problem and that intervening in exposure via dietary apCurrent Recommendations
proaches does not address the root cause. Furthermore, careful
examination of the links between nutrition (nutritional status,
In 2002, the CDC published guidelines on the medical and nunutrients, diet) and lead exposure reveals limited and tenuous
tritional management of children with elevated BLLs.8 The
evidence.
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nutrient/food-specific interventions contained in that document are to advise and encourage caregivers to provide children with an adequate intake of iron-containing foods, vitamin
C-containing foods, and calcium. Specifically, to address the
recommendation on iron-rich foods, the CDC promotes introducing pureed meats as soon as the child is developmentally ready and providing 1 serving of lean red meat per day
to older children. For vitamin C-rich foods, the recommendation is to give 2 servings of fruit juices or fruits daily. To
ensure adequate intake of calcium, 2 servings daily of dairy
products or other calcium-rich foods are recommended.
Supplements should only be given under supervision of a physician or a nutritionist, and in the case of iron, only when
anemia or iron deficiency has been diagnosed.
The CDC document is careful to point out that “nutritional measures have not yet been proven to have a clinically
important impact on elevated blood lead levels in children”
(p. 61), and that the aforementioned recommendations are
based on “generally accepted nutritional principles, as well as
on the results of adult human, animal, or cross-sectional
studies” (pg. 62).8 As stated previously, evidence on the links
between diet and lead exposure is limited—very few welldesigned and conclusive studies on this subject have been published. Yet, given that dietary recommendations are made
routinely to parents, it appears that the tenuous nature of the
evidence has been lost. Therefore, it is important to emphasize that, based on currently available evidence, there is little
to suggest that making dietary changes or adopting dietary measures would lower children’s BLLs substantially.

Iron Status, Intake, and Supplementation
There is strong epidemiologic evidence that children’s underlying nutritional deficiencies, particularly iron deficiency, are
associated with elevated BLLs.9 There is also good biological
plausibility, because lead competes for absorption in the gut
with several divalent metals. The divalent metal transporter
1 (DMT1) has been shown to shuttle both iron and lead across
cell membranes.10 Furthermore, when yeast cells are incubated in buffer containing lead but also low iron concentrations, lead absorption increases; conversely, lead absorption is
reduced when greater iron concentrations are present, indicating that iron blocks the uptake of lead by the DMT1.10
Consistent with this finding, a longitudinal study of iron
status at 2 clinic visits separated by approximately 1 year suggests that iron deficiency increases lead absorption in children,11
but most of the evidence is cross-sectional. Work on polymorphisms in genes regulating the expression of proteins related
to iron metabolism also suggests a modest but potentially causal
association.12,13 The DMT1, however, is not the only intestinal transporter used by lead to access the body. A DMT1knockout study demonstrated that elimination of this
transporter resulted in lower, but not completely reduced, absorption of lead.14 It is also possible that instead of being causally related, iron deficiency and elevated BLLs share common
behavioral or environmental risk factors, including the larger
systemic issues referred to previously.8 The recommenda-
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tions issued by the CDC on the nutritional management of
children exposed to lead are based on the premise that iron
deficiency co-occurs with elevated BLLs in many population
groups, with insufficient evidence to establish causal links.8
In a longitudinal, observational study, Schell et al15 reported an inverse association between dietary iron intake at
3-6 months of age and 6-month BLLs, and between dietary
iron intake at 9-12 months of age and 12-month BLLs, as well
as rate of change in BLL from 6 to 12 months. In another study
(cross-sectional), greater iron intake was associated modestly
with lower BLL in preschool children.16 Costa Rican children
(13-24 months of age) with BLLs < 25 mg/dL and varying severity of iron deficiency and anemia were assigned
nonrandomly to receive oral iron supplements for 12 weeks.
Only children without anemia who had depleted iron stores
(low serum ferritin) experienced a decrease in BLLs following iron supplementation, with no other groups benefitting.17
In the same study, children with sufficient iron status received placebo drops. They had greater BLLs after 12 weeks
compared with pretreatment, but this difference disappeared
when initial BLLs were taken into account.17
Three randomized controlled trials (RCTs) of iron supplementation or fortification were conducted among pre- and
school-aged children. One trial tested the efficacy of iron supplements (30 mg of ferrous fumarate for 6 months) in lowering
BLLs in Mexican children with moderately high levels of exposure, but fairly low prevalence of iron deficiency, and showed
little benefit.18 Another evaluated the efficacy of iron-fortified
rice (~15 mg iron as ferric pyrophosphate for ~4 months)
against a control meal among Indian children with iron deficiency and found a reduction in the prevalence of
BLLs ≥10 mg/dL in the group consuming iron-fortified meals.19
Moroccan children (3-14 years old) received biscuits fortified with ~8 mg of iron (FeSO4), ~ 41 mg of sodium EDTA
(Na2EDTA), both together, or placebo for ~7 months. Iron and
Na2EDTA each independently resulted in modest but statistically significant reductions in children’s BLLs.20
The trials in Mexico and India enrolled children with similar
BLLs (mean of 11.4 and 12.0 mg/dL, respectively), and Moroccan children had lower BLLs (adjusted geometric mean of
4.3 mg/dL). In contrast, 12% of the Mexican children, ~70%
of the Indian children, and 32% of Moroccan children had iron
deficiency. These trials represent mixed findings, and design
differences among them prevent direct comparisons; however,
they suggest the possibility that iron fortification may benefit
children exposed to lead by effecting reductions in BLLs. These
findings are fairly consistent with the observational literature
but need to be confirmed in future studies along with other
details, such as formulation, dosage, and timing (fasting or with
food) of iron delivery. Furthermore, the additional iron may
be most beneficial to children with moderate-to-high iron deficiency. This is an important consideration in the US context,
where the prevalence of iron deficiency is likely to be similar
or even lower than in the Mexican study. Finally, based on the
totality of iron-related evidence, it is still difficult to recommend any changes to typical dietary intakes as the basis for
treating or reducing lead exposure in children.
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An additional caveat in considering iron-based approaches
for addressing lead exposure in children is understanding the
role heme vs non-heme iron may play in improving iron status
or potentially blocking the absorption of lead. The 2002 CDC
guidelines recommend the consumption of pureed meats for
infants and a daily serving of red meat for older children. Red
meats are an excellent source of heme iron, whereas plantbased foods (and supplements) provide non-heme iron. Heme
iron is absorbed and regulated through distinct mechanisms
and is more bioavailable and used more efficiently than nonheme iron.21 If followed, current recommendations would
benefit iron status among children exposed to lead, but their
direct impact on BLLs is likely to be limited because heme iron
will not compete for absorption with lead by the DMT1. Food
sources of non-heme iron may be more appropriate, but no
evidence currently exists as to their efficacy in preventing the
absorption of lead. In addition, non-heme iron often is accompanied in plant foods by absorption inhibitors such as
phytates, which could limit how well iron interacts with lead.

Zinc Status, Intake, and Supplementation
The links between lead exposure and zinc deficiency have not
been well studied in children or adults, partly because there
are no good indicators of subclinical zinc deficiency. In young
rats receiving lead acetate in drinking water (200 mg Pb/L), a
marginal zinc diet (8 mg zinc/kg diet) resulted in greater lead
concentrations in body tissues than a control diet (30 mg zinc/
kg diet).22 A cross-sectional study of 2-year-old Mexican children documented no difference in BLLs among those who were
zinc deficient compared with those who were zinc replete.23
Although zinc is a divalent metal and could be transported via
the DMT1,24 there is no indication that zinc competes with lead
absorption by this transporter. Intestinal zinc transporters (ZIP4
is responsible for increasing and ZnT for lowering cellular zinc
concentrations) are expressed along the entirety of the gastrointestinal tract and are the primary mode of zinc transport.25
There is no indication, however, that lead uses these transporters for intestinal absorption.26 Furthermore, although zinc
transporter expression is upregulated in a state of deficiency,25
a major mode of the body’s response to low zinc intakes or a
zinc-deficient state is to reduce endogenous zinc losses.27 Given
these considerations, it is unclear what mechanisms could be
responsible for greater body zinc levels observed in animals
fed marginal-zinc diets. In light of the null association between
zinc status and BLLs among children,23 shared risk factors for
zinc deficiency and lead exposure, such as lower maternal education or lower socioeconomic status, cannot be discounted
completely.
Zinc supplementation of animals exposed to lead has resulted in lower body lead burdens. One study tested the effects
of marginal (8 mg Zn/kg diet) or supplemental (300 mg Zn/
kg diet) zinc intake on bone lead accumulation in rat pups consuming lead acetate (200 mg Pb/L) in drinking water. Marginal
zinc intake was associated with greater bone lead, whereas
supplemental zinc was associated with lower bone lead levels
compared with control animals.28 In another study, high-

level zinc supplementation (200 mg Zn/kg diet) reduced the
absorption of lead from food.29 Furthermore, zinc supplementation (1 mg/kg body weight) of male rats exposed to lead
(50 mg lead acetate/kg body weight) restored the activity of
enzymes delta aminolevulinic acid dehydratase and superoxide dismutase in testicular tissue.30 Most of these supplemental regimens, however, would be considered toxic. Where many
studies in animals provided 200-300 mg Zn/kg of diet, for children (6 months to 18 years), the total recommended daily allowance ranges from 3 to 12 mg per day, and the tolerable upper
intake ranges from 5 to 34 mg per day.31 Therefore, although
high-level zinc supplementation has been successful in preventing lead exposure or lead-induced toxicity in animals, it
is impractical and even dangerous in humans.
In contrast, there is little evidence that typical zinc intake
from the diet or zinc supplementation in human children or
adults is associated with BLLs. In a longitudinal, observational study of young infants, greater dietary zinc intake at 3-6
months of age was associated with lower 6-month BLLs, but
there was no association between zinc consumption and BLL
at 12 months.15 In the RCT mentioned previously, BLLs of
Mexican children who received 30 mg of zinc oxide daily for
6 months did not differ from BLLs of children not receiving
zinc.18 The CDC document on managing elevated BLLs does
not recommend adding zinc to children’s diets.8 This recommendation is prudent, given that 2 observational studies in very
young children, one unsuccessful RCT in school children, and
a number of studies in animals that provided supraphysiological
doses of zinc do not permit any conclusions on the role of zinc
in children’s lead exposure.

Vitamin C Status, Intake, and
Supplementation
There are reasons to believe that greater intake of foods and
juices containing vitamin C would be beneficial for children
exposed to lead, particularly if these children also have iron
deficiency. Ascorbic acid enhances the intestinal absorption of
non-heme iron (plant-based) because it reduces the naturally occurring ferric (Fe+3) to ferrous (Fe+2) iron, a necessary
step for transport via DMT1.32 Field studies in schoolchildren show that the addition of ascorbic acid to test meals or
drinks improves non-heme iron absorption.33,34 One study tested
the ability of fruits and fruit juices to enhance the absorption of iron from a rice meal among women with iron deficiency and found great variability, suggesting that not all types
of fruit are equally beneficial. Iron absorption was correlated
with the ascorbic acid content of the fruit and juices.35
In one study of children aged 6-16 years participating in National Health and Nutrition Examination Survey III (large
sample, but cross-sectional), there was an inverse association
between serum ascorbic acid concentrations and the prevalence of elevated BLLs (defined as BLL >15 mg/dL), in that children in the highest tertile of ascorbic acid concentrations had
an 89% lower likelihood of having an elevated BLL.36 In
contrast, there was no linear association between serum
ascorbic acid and BLL.36 Dietary intake of vitamin C was not
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associated with the prevalence of elevated BLLs.36 Studies in
animals suggest that supplementation with ascorbic acid could
reduce BLLs,37 as well as anemia and oxidative stress resulting from lead intoxication,38 but these findings would need to
be confirmed in children.

Calcium Intake and Supplementation
The link between calcium and lead has been discussed along
with the merits of calcium supplementation as a means to
reduce lead toxicity in children.39 Calcium is absorbed via
passive transport through epithelial cell tight junctions, and
via active, vitamin D-regulated, transport, which predominates, especially when intake levels are low to moderate.40 Lead
uses both these mechanisms to cross intestinal cells, and the
luminal calcium transport protein 1 (CaT1) exhibits high affinity for both calcium and lead.39 Therefore, competition
between lead and calcium exists at the active transporter, and
it makes sense that low calcium intake would be related to
greater lead absorption. Because the expression of CaT1 is dependent on vitamin D, however, the status of this vitamin would
play an important role in lead absorption.
To complicate matters further, lead has been shown to inhibit
the CaT1.26 Cross-sectional studies in children have yielded
mixed findings, with some showing negative and statistically
significant correlations between dietary calcium intake and
BLLs, some showing marginal associations, and some reporting null findings.39 Thus, there is limited evidence of benefits
from calcium supplementation, as stated by Ballew and
Bowman,39 suggesting that “diet can ameliorate the deleterious effects of environmental lead could provide a false sense
of efficacy.” Consistent with this conclusion, a recent clusterrandomized supplementation trial conducted among 12- to
18-month-old Nigerian children with moderately elevated BLLs
found that providing calcium carbonate (400 mg/d) or ground
dry fish (529 ± 109 mg Ca/d) did not significantly change BLLs
12-18 months later compared with placebo.41 The CDC recommendations on the nutritional management of elevated
BLLs among young children do not include calcium
supplementation.8

Dietary Intake of Other Nutrients
BLLs of children (6-11 years old) and adult women living in
Australia were examined in relation to a range of nutrients
derived from a 6-day duplicate diet.42 The intake of all the nutrients together (including copper, calcium, potassium, magnesium, sodium, and zinc) was not associated with BLLs.
Because of small numbers of children in the study (n = 10),
the associations could not be examined reliably for children
alone. The authors concluded that the additional provision of
most of these micronutrients would not benefit children with
low-level lead exposure.42 In a study of infants and young children with low-level lead exposure participating in the Women,
Infants, and Children program, there was an inverse association between BLLs and the intake of phosphorus or vitamin

Volume ■■
E.43 A small study of 12- to 47-month-old African American
children from Philadelphia found no association between the
dietary intake or serum concentrations of vitamin D in children with BLLs either below or above 30 mg/dL.44
Among 1-year-old children with median BLL of 4 mg/dL,
greater energy intake was associated with greater BLLs in households with greater but not lower dust lead concentrations.45
Similarly, greater energy intake and greater percent of energy
from fat were associated with greater mean BLLs and greater
likelihood of having a BLL > 15 mg/dL.46 The study of participants in the Women, Infants, and Children program found a
direct association between BLLs and protein intake.43 In a longitudinal study of low-level lead exposure of infants from
Albany, New York, protein intake was associated inconsistently (inversely at 6 months and positively at 12 months) with
children’s BLLs, possibly having to do with a transition to table
foods and self-feeding.15

Dietary Patterns and Foods
There are no studies relating derived dietary patterns or diet
quality to biomarkers of lead exposure in children. One study
of young children from Jersey City, New Jersey, with moderately elevated BLLs found that the consumption of specific
foods, such as hamburgers, doughnuts, and peanut butter and
jelly sandwiches, was associated with greater BLLs in 13- to 24month-old children,47 potentially explaining the relationship
between energy and fat intake and BLLs discussed previously. These foods are sticky and greasy and may aid in the
transfer and ingestion of lead from children’s hands.47 In contrast, in that same study, 13- to 24- and 25- to 36-month-old
children who consumed yogurt had lower BLLs.47 It is unclear
whether the basis for this inverse association with yogurt consumption is biological interaction between nutrients (for
example, calcium) and lead, or more behavioral—yogurt typically is consumed with a spoon. In 2 studies conducted among
adult volunteers, the consumption of skim48 and full-fat milk49
reduced the uptake of lead acetate by the gastrointestinal tract;
however, there was greater uptake of lead with intake of either
skim or full-fat milk than of a solution made to match the
amount of calcium and phosphate salts found in milk.
Aside from the question of whether extrapolations can be
made to children, these studies clearly illustrate that studying single nutrients does not approximate food/dietary consumption and its effect on lead absorption. A study in which
children were randomized to consume food (ground fish) as
a means of delivering greater dietary calcium showed no effect
of this treatment on BLLs compared with placebo.41 Therefore, it may be inappropriate to make recommendations about
the intake of foods to address environmental exposures from
studies that solely examined the intake of nutrients.

Meal Patterns
There is little evidence regarding meal patterns (frequency of
meals, meal skipping) and BLLs in children. In adults, the
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uptake of lead acetate by the gastrointestinal tract was lower
(4% vs 61%) when consumed with a balanced meal as opposed
to prolonged fast.48 This finding was consistent with another
study following a shorter fast, where lead absorption was 3-5
times greater in the fasted state than when ingested with food.50
Food components such as carbonate and phosphate form stable
ligands with lead, which reduces lead’s solubility and at least
in part explains why less lead is absorbed in the fed vs fasted
state.51 The ability of balanced meals to reduce lead uptake was
observed for up to 3 hours after a meal.48 One study examined the association between regular (5 days/week) vs irregular breakfast consumption and BLLs of preschool children.
There was a small but statistically significant difference in BLLs
between the 2 groups.52
Furthermore, among young children not only what they eat
but also how they eat it appears to be important. In one study,
consuming foods picked up from the floor was associated with
greater BLLs in 13- to 24-month-old children.47 Children who
prepared their own food had greater BLLs than children who
did not. Conversely, eating foods with fingers or handwashing before meals was not associated with children’s BLLs.47
In another study involving preschool children, lead concentrations on hand wipes collected before meals were associated with lead content of duplicate diets.53

Food as a Source of Lead Exposure
Food and supplements54 or methods of food preparation, such
as the use of lead-glazed cookware,55 may be a source of lead
exposure, which is consistent with findings of greater BLLs in
association with greater energy intake. Among young children living in the US and Mexico, lead concentration in candy
was associated with BLLs.56,57 Others have also found the potential for lead exposure from foods, including vegetables and
cereals,58-60 with some home-grown vegetables, particularly from
urban gardens, being one possible source of exposure.61 The
Food and Agriculture Organization of the United Nations/
World Health Organization guidance on food-based lead exposure, set at a provisional tolerable monthly intake of 25 mg/
kg body weight, is now considered inadequate to protect human
health.62
With water being an increasingly recognized source of lead,63
the consumption of lead-contaminated water or foods prepared with such water also could contribute to exposure.64,65
Because infants who are formula-fed consume greater amounts
of water than infants who are breastfed,66 the potential for lead
exposure from water in early childhood cannot be ignored. The
CDC makes specific recommendations for pregnant women
and children to avoid the consumption of water that exceeds
the current action level of 15 mg/L.67 Both environmental lead
exposure to the mother and mobilization of calcium (and deposited lead) from bone during pregnancy contribute to fetal
exposure.68 Lead exposure through breast milk is also an important health concern.69 Knowledge of chemical contaminant levels in breast milk may influence maternal decisions on
the timing of weaning,70 thus depriving the infant of other benefits of breast milk and breastfeeding.

Prevention vs Treatment
Most of the studies examining nutrient intakes or nutritional interventions in relation to children’s BLLs involved children who already were exposed to lead, and some studies,
especially those conducted in the 1980s and 1990s, enrolled
children with moderately high lead levels. In that respect, they
are more able to address the issue of effectiveness of dietary
“treatment” for lowering BLLs once exposure has occurred, than
of prevention. Complete prevention of lead exposure via dietary
means is not possible. With sufficient exposure, well-nourished
children will present with detectable and possibly elevated BLLs.
In one RCT involving iron fortification, 18% of children in the
fortification group had elevated BLLs at the end of the trial,19
suggesting that even if treatment is effective, not all children
benefit. Part of the reason for this is that lead uses multiple
types of transporters as well as tight junctions to cross epithelial cells in the intestine. Existing evidence cannot address
the question of whether nutritional approaches would be more
effective in acute-exposure scenarios.

Tempering Expectations
The evidence on the relationship between “nutrition” and lead
exposure stems from 4 types of studies, testing the associations of BLLs with children’s nutritional status (for example,
biomarkers of iron status or zinc deficiency); dietary intake
of single components, such as energy, protein, and fat or specific nutrients, such as iron, calcium, or vitamin C; typical intake
of specific foods, such as milk, or food patterns; and the provision of single nutrients in randomized or nonrandomized
trials. Unfortunately for the recommendations made to families, what is missing is the systematic evaluation of interventions involving foods or even observational studies of food
consumption/diet quality in relation to children’s BLLs. Also
of importance is the fact that some recommendations (like those
for vitamin C) appear to be based largely on findings derived
from studies in animals or epidemiologic studies in adults.
Several issues need to be considered when critically appraising the existing evidence, aside from potential methodologic
problems, such as low sample sizes, exclusion of large proportions of the enrolled participants, and limited covariate control.
First, many of the studies conducted to date have been crosssectional, which means that little can be said regarding the
causal relationship between the intake of dietary components and children’s BLLs. Well-designed RCTs and longitudinal studies can provide stronger evidence for causal links,
but only few have been conducted.
Second, many of the studies examining the intake of dietary
components in relation to children’s BLLs have taken the singlenutrient approach, for the most part neglecting to examine how
multiple nutrients would interact with one another as agonists or antagonists. Furthermore, rarely were whole foods or
dietary patterns examined, which is a problem because people
plan meals to consume foods, not nutrients.71 Importantly, there
have been no tests of food-based interventions. Yet, when
recommendations are made, they are framed in terms of
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increasing intake of foods rich in specific nutrients. Although this approach seems reasonable, it is important to recognize the disconnect between the evidence base and the
recommendations. Third, many studies conducted to date included children with greater BLLs than those encountered typically in pediatric practice today. The recent RCT of iron
fortification is a notable exception.20 There is an implicit assumption that the recommendations are appropriate for children with low or very low lead exposure; this assumption needs
to be tested further.

physiological needs for specific nutrients. An additional issue
to consider is access to healthcare and healthy foods, the latter
being essential for scaling-up any promising dietary interventions. Finally, any trials of interventions need to reflect the
current definitions and prevalence of elevated BLLs in the pediatric population. This knowledge will need to be integrated with evidence regarding other strategies to decrease lead
exposure. ■

Implications for Public Health Practice

Reprint requests: Katarzyna Kordas, PhD, Department of Epidemiology and
Environmental Health, University at Buffalo, 270 Farber Hall, Buffalo, NY
14214. E-mail: kkordas@buffalo.edu

So, where does the evidence leave frontline health workers
making recommendations to anxious parents? Opinions may
vary, but it seems prudent to adhere to current recommendations, with the understanding that they represent a benefit
for children’s nutritional status. The guidelines on iron-rich
foods or iron supplements to correct existing iron deficiency
in children exposed to lead, especially in children 2-3 years old
or younger, who are growing rapidly and have high physiological demand for iron, may be particularly important.
Because fasting and meal skipping was associated with greater
BLLs in children and more efficient lead absorption in adults,
regular meals should be recommended. Finally, it also is good
practice to make sure children eat their foods with clean hands.
The uncertainty with respect to the basis for the current recommendations for preventing or lowering lead exposure needs
to be recognized (Table; available at www.jpeds.com). The uncertainty needs to be communicated clearly to families. Whereas
children with iron deficiency are more likely to experience elevated BLLs, iron supplementation or fortification of food does
not guarantee that all children will be protected from lead. For
vitamin C, although encouraging the intake of 2 servings of
fruits or fruit juices is consistent with healthy dietary recommendations, we have absolutely no evidence on the efficacy
of vitamin C supplementation or the provision of vitamin
C-rich foods with respect to lowering BLLs in children. An expectation that any nutrient-rich food will prevent lead absorption or increase lead excretion in children is not based on
empirical evidence.
The true number of children at risk for lead exposure is
unknown. The aging infrastructure in the US, coupled with
limited resources, increases the possibility of future environmental emergencies. In addition to an urgent need for developing primary prevention strategies, understanding the impact
of diet and nutrition on response to lead exposure in children is important. Additional research is needed on the relationship between the consumption of foods and dietary patterns
(rather than nutrients) and children’s BLLs to close the knowledge gaps on dietary approaches for the prevention and reduction of lead exposure in children and to ensure they are
consistent with other healthy lifestyle recommendations. In addition, studies are needed to understand the determinants of
optimal response to interventions, including underlying deficiencies, genetic susceptibilities, and age-related differences
in routes of exposure, rates of intestinal lead absorption, or
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Table. Summary of evidence base for dietary interventions in children exposed to lead
Nutrients

Nutrient status

Typical dietary nutrient intake

Iron

Good evidence base.
Iron status measured as serum
ferritin, an indicator of stored
iron levels, or hemoglobin, an
indicator of functional iron.

A number of studies conducted
in children of varying ages;
examined dietary iron intake
based on 24-h recalls or food
frequency questionnaires;
studies mostly crosssectional.

Calcium

Limited evidence base.

A number of studies (mostly
cross-sectional and small)
conducted in children of
varying ages. One large,
nationally representative
sample.
Examined dietary calcium
intake based on 24-h recalls
or food frequency
questionnaires.

Vitamin C

Limited evidence base.
Measured serum vitamin C
concentrations.
Limited evidence base.
Measured serum zinc
concentrations.

Limited evidence base.
Examined dietary vitamin C
intake based on 24-h recalls.
Limited evidence base.
Examined dietary zinc intake
based on 24-h recalls.

Zinc

Nutrient supplementation in
experimental trials

Food-based intervention

Three well-designed RCTs
(supplementation18 and fortification19,20)
conducted in school-age children.
Fortification trials suggest benefit of
additional iron.
One nonrandomized trial of iron
supplementation in young children
showed benefit among iron-depleted,
children without anemia but no other
treatment group.17
One trial among 1- to 6-y-old children
receiving up to 1800 mg Ca/d for 6 mo
had no effect on BLLs compared with
placebo.72
One trial among young children showed
limited efficacy of calcium- and
phosphorus-fortified infant formula but
also experienced low participation.73
One trial of calcium supplementation vs
placebo in young children showed no
differences in BLLs between groups.41
No evidence base.

No evidence base.

One well-designed RCT in schoolchildren
showed no efficacy compared with
placebo.18

No evidence base.
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One RCT in young children
involving a food source of
calcium showed no efficacy
compared with placebo.41

No evidence base.
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