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ABSTRACT. Objective. Lead (Pb) poisoning remains
a common disease among children despite successful
public health efforts that have reduced its prevalence.
Treatment options for children with blood Pb levels
(BPbs) <45 g/dL are limited because chelation therapy
is generally not indicated. Calcium (Ca) and Pb interactions are well documented. Competition for binding to
Ca-binding proteins may underlie a mechanism for Pb
absorption. The purpose of this study was to determine
the role, if any, of supplemental Ca at reducing BPbs in
moderately poisoned children.
Methods. Children aged 1 to 6 years with BPbs 10 to
45 g/dL were enrolled in a double-blinded, placebocontrolled trial of the effects of Ca supplementation on
BPbs. Children received either a Ca-containing liquid or
an indistinguishable placebo. Dosage was adjusted biweekly on the basis of responses to a dietary Ca intake
questionnaire to reach 1800 mg in the Ca-supplemented
group. Samples for BPbs and measures to assess safety
were collected before and after 3 months of supplementation and after an additional 3 months of follow-up.
Bivariate and multiple regression analyses were performed.
Results. A total of 67 of 88 enrolled children with a
mean age of 3.6 years completed 3 months of supplementation. There were no statistically significant differences
between groups on hematologic and biochemical measures, including serum and urinary Ca, at any time
points. The average compliance rate was estimated to be
80% for each group during the 3-month supplementation
period.
Conclusions. At enrollment, the average daily Ca intake in this group of inner-city children was greater than
the recommended daily intake for age. Although BPbs
declined during a 3-month period in both groups, Ca
supplementation aimed at providing 1800 mg of Ca/day
had no effect on the change in BPbs. Ca supplementation should not be routinely prescribed for mild to
moderately Pb-poisoned children who are dietarily Ca
sufficient. Pediatrics 2004;113:e34 –e39. URL: http://www.
pediatrics.org/cgi/content/full/113/1/e34; lead, lead poisoning, calcium, calcium supplementation.
ABBREVIATIONS. Pb, lead; BPb, blood lead level; CDC, Centers
for Disease Control and Prevention; EP, erythrocyte protoporphyrin; AAS, atomic absorption spectrometry; SD, standard deviation;
sCa, serum calcium; uCa, urinary calcium; uCr, urinary creatinine.
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hildhood lead (Pb) poisoning is prevalent
worldwide. In the United States alone, an estimated 0.5 million preschool-aged children
have elevated blood Pb levels (BPbs; ⱖ10 g/dL).1
The poisoning of this large number of children is, in
large part, the consequence of the widespread presence of leaded paint in US residential housing. The
National Academy of Sciences estimates that there
are 3 million tons of leaded paint in housing built
primarily before 1960.2 Outside the US, the continued use of leaded gasoline is associated with elevated BPbs in urban populations.3 A study completed recently in India found that average BPbs in 5
major cities were comparable to that in the United
States 30 years ago, when leaded gasoline was in
common usage; mean BPbs were in the 10 to 20
g/dL range.4 Biochemical and neurodevelopmental
deficits in children have been reported to occur even
at levels below the current Centers for Disease Control and Prevention’s (CDC’s) threshold of concern of
10 g/dL.5,6
The main route of Pb entry into children is by
ingestion. As painted surfaces containing Pb deteriorate, leaded chips are released and contaminate
household dust. Similarly, the use of leaded gasoline
contaminates soils and is incorporated into or onto
vegetables. This soil contamination may persist well
after the elimination of leaded gasoline usage.7 The
percentage of ingested Pb that is absorbed from the
intestine depends on several factors but is estimated
to approach 50% in children and ⬍10% in adults.8,9
The presence of food in the intestine, especially minerals, and the sufficiency in the body’s stores of
nutrients such as iron may reduce these percentages.10
In nonintervention studies, an inverse association
between BPbs at age 2 (all ⬍25 g/dL) and cognitive
test scores obtained up to 10 years later was observed.11 This suggests that cognitive deficits from
Pb poisoning are permanent. However, in a previous
study of moderately Pb-poisoned children (initial
BPbs: 25–55 g/dL) in which children were treated
aggressively to reduce BPbs over a 6-month period,
we found that BPbs fell and cognitive test scores
improved, especially in iron-sufficient children.12,13
This could not be attributed to chelation therapy
with CaNa2EDTA. A multicenter, placebo-controlled
trial of succimer in Pb-poisoned 2-year-olds (BPbs:
20 – 44 g/dL) also failed to find a benefit of chelation on cognitive outcomes tested at 4 years of age.14
However, change in BPbs over the time period was
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again associated inversely with change in cognitive
scores.15 Thus, in intervention studies, a reversible
component of Pb toxicity may have been identified
but was not attributable to chelation therapy.
Currently, the specific treatment of childhood Pb
poisoning varies with the degree of intoxication.
More than 90% of affected children have mild to
moderately elevated BPbs between 10 and 44 g/
dL.1 The mainstays of therapy consist of the elimination of all sources of exposure, modifying behaviors such as pica to reduce ingestion, and nutritional
support.16 Of these approaches, only the effectiveness of eliminating the environmental source of Pb
has been tested in controlled studies.17–19 Surprising
is that the contributions of the other 2 components—
behavior modification and nutritional support—to
the management of childhood Pb poisoning have not
been assessed in randomized, controlled trials. Once
children have been identified as Pb poisoned and
these therapeutic efforts have been initiated, BPbs
fall slowly over months in most children.20
Awareness of a metabolic interaction between calcium (Ca) and Pb has existed for many years. Pb and
Ca competition for absorption from the intestine has
been documented in animal models.21–25 Ca intake
and BPbs are inversely related in children.26 –29 Ca
intake is well below the daily recommended intake
in other countries such as China.30 However, a therapeutic role of supplemental Ca for the large group
of children for whom no specific medical treatment is
available currently (BPbs: 10 – 44 g/dL) has not
been examined. This study tested the hypothesis that
Ca supplementation to achieve 1800 mg/day as a
component in the treatment of childhood Pb poisoning (BPbs values of 10 – 44 g/dL) would result in a
greater fall in BPbs over 3 months than those in
unsupplemented children.
METHODS
To test the hypothesis, we used a prospective, randomized,
placebo-controlled study design. Children who were referred to
the Environmental Sciences Clinic at the Montefiore Medical Center with BPbs between 10 and 44 g/dL were eligible. These
boundaries were chosen because the current definition of undue
Pb absorption is a BPb of 10 g/dL, and at BPbs ⱖ45 g/dL,
chelation therapy is indicated.16 The inclusion and exclusion criteria are given in Table 1. All of the children received the usual
components of our treatment intervention, which include educational materials, behavioral and nutritional counseling, and coordination with the responsible Departments of Health to determine
and reduce the sources of exposure.
In both cross-sectional and longitudinal studies, BPbs are reported to increase from birth to ⬃3 years of age and then decline.31,32 We therefore stratified eligible children by age into 2
groups: 12 to 35 months and 36 to 72 months.33 A separate restricted randomization list that was prepared before the trial was
used by the pharmacist to assign enrollees into treatment groups
after stratification. Both the investigators and the parents were
TABLE 1.

blinded to assignment group. Children were to receive Ca as Ca
glubionate, 115 mg of elemental Ca/5 mL, or placebo for 3
months. Both groups were then followed for an additional 3
months without supplements. Supplement quantity was adjusted
on the basis of a 24-hour dietary recall questionnaire that was
administered biweekly. Specific and quantitative details of Cacontaining foods (including liquids) consumed during the previous day were recorded, and the Ca content was calculated using
the software Nutribase Professional Nutrition Manager, version
1.0 (Cybersoft Inc, Phoenix, AZ). The responses to the questionnaire were verified by comparing the answers to the types and
quantities of food described by the caregiver to the research team
during scheduled home visits.
The goal of treatment was to provide 1800 mg Ca/day between
supplement and diet. This amount was used in our pilot study and
in a published study of Ca supplementation in non–Pb-poisoned
children.34 It was found to be safe and potentially effective. The
dose was calculated as follows: daily supplement dosage ⫽ 1800
(mg) ⫺ daily dietary Ca intake by history (mg).
The placebo was a Ca-free solution that was comparable in
sweetness and color to the Ca supplement. Both supplements
were given to the parents in graduated, brown, half-liter bottles
with a dispenser cap. Training on dispensing it and how to determine the amount remaining in the bottle was given to the caregiver at the first home visit by the research coordinator. The dose
was divided into 3 portions to be given immediately before meals
to enhance compliance.
The main outcome measure was BPbs measured at enrollment,
at 3 months (after 3 months of supplementation), and at 6 months
(an additional 3 months after completion of supplementation). The
hypotheses to be tested were that BPbs would be lower at 3 and 6
months in the Ca-supplemented group.
Three home visits were scheduled: within 1 week of enrollment
and at 3 and 6 months. The main purpose of these visits was 1) to
determine whether there was Pb in the home and 2) to observe the
hand-to-mouth behavior of the child.
At the first home visit, each child’s caregiver completed a
questionnaire that asked about medical, demographic, and environmental information. The Caldwell Home Scale was used as a
sociologic measure of the home.35
For home Pb assessments, a visual inspection of the surfaces
was made and the Pb content on painted surfaces was measured
using x-ray fluorescence instrumentation (XRF). The visual inspection was scored on a scale of 0 to 9, higher numbers indicating
greater potential risk from the surface. The XRF protocol used was
modified from our previous studies.12,20,36 We used a MAP 4 Pb
paint analyzer that provides K and L-XRF readings (Scitec, Kennewick, WA). Readings (in mg/cm2) were made at 3 sites on each
surface of 1 wall per room. The mean of these readings was
multiplied by the visual inspection score of that surface. The sum
of the products from all of the surfaces provided us with an
estimate of Pb paint hazard in the home. This sum score is the
Home Pb Environmental Score.
Dust samples were collected from the center of each room and
from 1 window sill and 1 window well per room according to
guidelines published by Department of Housing and Urban Development and the CDC.16,37 Wipes without aloe and without
alcohol (KMart) were used for this purpose. One package was
opened and used in each subject’s home. Data are expressed as g
of Pb/foot.2 A dust sample was obtained from the child by wiping
the dominant hand with the diaper wipes. At 3 and 6 months,
return visits to the home were made to assess any changes in the
environment as a result of renovation, cleaning, or additional
deterioration.
For assessing hand/object-to-mouth behavior, a 15-minute period of free play in the home was videotaped by the research

Eligibility Criteria
Inclusion Criteria

Exclusion Criteria

Initial BPbs 10–44 ug/dL
Age 1–6 y
Normal intake history and physical
Availability of telephone contact

Chelation in the past 3 mo
Concomitant Fe deficiency (ferritin ⬍16 ng/mL)
Hemoglobin ⬍ 10.5 g/dL from any cause
Metabolic bone disease
Medications affecting mineral metabolism, such
as steroids, diuretics, large doses of vitamins

http://www.pediatrics.org/cgi/content/full/113/1/e34

Downloaded from www.aappublications.org/news by guest on February 20, 2019

e35

coordinator at the first home visit. Site selection for videotaping
was made in conjunction with the parent who identified the area
most used by the child during waking hours. Videotapes were
coded by an evaluator who was blind to supplement status. The
major measure coded for this study was the frequency of hand/
object-to-mouth activities independent of food ingestion per unit
of time observed.
Compliance was measured in 2 ways. At all contacts, questions
related to compliance were asked: 1) how many doses were
missed per day during the preceding 2 weeks, and 2) what is the
amount remaining on the bottle? At each clinic visit, the old
bottles were brought and the remaining liquid was measured. At
each contact, beginning at 2 weeks, the caregiver was asked
whether the subject had symptoms possibly related to treatment.
These included 1) gastrointestinal: abdominal complaints of pain,
anorexia, constipation; or 2) central nervous system: changes in
behavior, headaches; or, 3) genitourinary: increased drinking and
urination, blood in the urine.
Visits to our Environmental Sciences Clinic were scheduled at
0, 3, and 6 months for all enrollees. Children with initial BPbs
between 25 and 44 g/dL had an additional clinic visit scheduled
at 6 weeks. At each clinic visit, anthropomorphic measurements
were made and an interval history was obtained. A 5.0-mL venous
blood sample was taken to determine the BPbs, erythrocyte protoporphyrin (EP), serum 25-hydroxyvitamin D, magnesium, Ca,
phosphorus, serum blood urea nitrogen, creatinine, total protein,
albumin, alkaline phosphatase, ferritin, and complete blood count.
A spot morning urine sample was collected for urinary Ca (uCa),
creatinine, and urinalyses. All of the clinic practices pertaining to
the identification of Pb sources, teaching caregivers about Pb’s
toxic effects, and providing information on how to ameliorate
them were conducted. Several of the personnel at the clinic are
housing specialists and act as ombudsmen for the patients in their
interactions with the public health agencies of New York City and
Westchester County.
BPbs were measured by flameless atomic absorption spectrometry (AAS) on a Perkin Elmer (Wellesley, MA) atomic absorption
spectrometer (model 4110 ZL). The laboratory participates successfully in proficiency testing programs administered by the New
York State Department of Health and the CDC. The error of the
method is ⫾1 g/dL (99% confidence limits).36 EP is a measure of
the toxic effects of Pb and/or iron deficiency. Levels ⬎35 g/dL,
in the absence of iron deficiency or recent inflammatory illnesses,
are consistent with Pb toxicity, usually at BPbs ⬎25 g/dL. EP is
measured by the extraction method of Piomelli.38 The error of the
method is ⫾1 g/dL.
Dust collected with the wipe procedure was stored in Pb-free
50-mL sealable centrifuge tubes. Analyses were performed at the
Hematology and Environmental Lab at the University of Cincinnati under the direction of Dr S. Roda. Environmental dust samples were measured using flame AAS after nitric acid digestion.
Hand wipe samples were assessed for Pb content by graphite
furnace AAS. The error of the method for dust Pb for a sample in
the 250 g range is ⫾0.03125 g.
The database software used was Lotus 123 release 9 (IBM,
White Plains, NY); statistical analyses were performed using Systat version 9 (Systat Software Inc, Richmond, CA). Variable means
and standard deviations (SDs) were calculated. Two-group comparisons were made using either t tests or the Mann-Whitney test
for data not normally distributed. Multiple regression models
were constructed to control for possible confounders and to examine for possible interactions. On the basis of a pilot study of Ca
effects, we expect a mean ⫾ SD change in BPbs of 8 ⫾ 4 g/dL in
the Ca-supplemented group and 3 ⫾ 6 g/dL in the control group
after 3 months of treatment. At an ␣ of 0.05, a ␤ of 0.80, and a
2-tailed test, the total sample size needed to detect a difference
between the means was 46.39 Because of concerns about possible
attrition, we planned to oversample the population. This study
was approved by the Montefiore institutional review board.

RESULTS

A total of 88 children were enrolled; 42 in the
placebo and 46 in the Ca supplementation group. Of
these, 67 completed 3 months of follow-up (32 and
35, respectively) and 58 completed 6 months of evaluation (24 and 34, respectively). Subjects who did not
e36

complete the study either were lost to follow-up or
did not return as per schedule requirements. For
those who completed the supplementation period,
the mean (⫾SD) dietary Ca intake at enrollment was
1108 ⫾ 465 mg and 973 ⫾ 409 mg for the placebo
controls and supplemented groups, respectively,
which was not statistically different. At the end of
the supplementation period, total daily Ca intake
averaged 1012 ⫾ 454 mg for the placebo group and
1701 ⫾ 121 for the Ca-supplemented group (P ⫽ .00).
Compliance with supplement administration was
comparable: 82 ⫾ 18% and 84 ⫾ 16% for the placebo
and Ca groups, respectively. Mean and SD data at
enrollment are given in Table 2. There were no statistically significant differences between the groups
at enrollment on age, measures of home exposure,
and hand/object-to-mouth behavior. Table 3 summarizes the biochemical data at the 3 time points.
There were no significant differences between
groups on any of these measures at any time point.
Although there were no differences between
means of the 2 groups on any of the variables of
interest except for average Ca intake during the supplementation period, we constructed a series of correlation matrices and multiple regression models to
explore whether change in BPbs from enrollment to
the end of the supplementation period was affected
by Ca or by group, while controlling for behavior
and environmental exposures. At enrollment, BPbs
were inversely correlated to serum Ca (sCa) but not
to Ca intake (Table 4).
The regression models assessed the contribution of
variables to the change in BPbs during the 3-month
intervention: each equation had BPbs at 3 months as
the dependent variable while controlling for BPbs at
enrollment. Addition of group assignment as a dichotomous variable, average Ca intake, or any of the
housing exposure measures did not contribute significantly to the variance in BPbs at 3 months accounted for by the models. It is interesting that the
sCa level at enrollment was again inversely related to
the change in BPbs. There was no group by sCa level
interaction.
We attempted to determine whether our failure to
find a benefit of Ca supplementation was attributable
to the relatively Ca-rich diets that the children were
receiving at the time of enrollment. We repeated
analyses in a subgroup of children with initial Ca
intake ⬍750 mg/day. Unfortunately, this markedly
reduced the number of subjects with data available
TABLE 2.

Variables at Enrollment (⫾SD)
Variable

Placebo
Group

Ca
Group

Age (y)
Lead paint hazard score
(Home Environmental
Score)
Floor dust (g/ft2)
Window sill dust (g/ft2)
Window well dust (g/ft2)
Hand dust (g/hand)
Hand/object to mouth
(touches/min)

3.7 ⫾ 1.3
44 ⫾ 85

3.5 ⫾ 1.7
47 ⫾ 83

68 ⫾ 110
1818 ⫾ 763
19 733 ⫾ 34 315
4.9 ⫾ 5.4
0.4 ⫾ 0.6

48 ⫾ 68
509 ⫾ 815
23 303 ⫾ 46 078
9.9 ⫾ 24.6
0.4 ⫾ 0.5
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TABLE 3.

Biochemical Mean Values During the Course of the Study

BPbs (g/dL)
EP (g/dL)
Hemoglobin (g/dL)
Ferritin (ng/mL)
sCa (mg/dL)
Mg (mg/dL)
uCa/uCr ratio
Alkaline phosphatase (IU)
25-OH vitamin D (ng/mL)

TABLE 4.

Enrollment
Placebo

Enrollment
Ca

3 Months
Placebo

3 Months
Ca

6 Months
Placebo

6 Months
Ca

21.4 ⫾ 8.7
60.4 ⫾ 49.3
12.0 ⫾ 0.9
26.6 ⫾ 13.2
9.7 ⫾ 0.3
2.0 ⫾ 0.2
0.1 ⫾ 0.1
234.6 ⫾ 62.8
26.0 ⫾ 11.7

20.7 ⫾ 5.8
40.2 ⫾ 20.8
12.2 ⫾ 0.9
37.2 ⫾ 21.5
9.6 ⫾ 0.4
2.1 ⫾ 0.3
0.1 ⫾ 0.1
268.0 ⫾ 76.7
30.7 ⫾ 9.6

16.6 ⫾ 7.2
41.7 ⫾ 24.3
12.2 ⫾ 0.7
30.4 ⫾ 29.1
9.8 ⫾ 0.4
2.0 ⫾ 0.2
0.1 ⫾ 0.1
246.2 ⫾ 64.5
23.8 ⫾ 8.0

15.1 ⫾ 6.3
31.7 ⫾ 11.1
12.3 ⫾ 1.1
33.1 ⫾ 17.3
9.8 ⫾ 0.4
2.0 ⫾ 0.2
0.1 ⫾ 0.1
239.1 ⫾ 57.3
31.2 ⫾ 12.8

14.4 ⫾ 6.8
37.7 ⫾ 23.4
12.3 ⫾ 0.9
28.5 ⫾ 25.6
9.5 ⫾ 0.4
1.9 ⫾ 0.3
0.1 ⫾ 0.1
257.2 ⫾ 61.8
26.3 ⫾ 6.8

14.0 ⫾ 7.2
32.3 ⫾ 16.2
12.3 ⫾ 0.8
32.9 ⫾ 17.7
9.7 ⫾ 0.4
1.9 ⫾ 0.2
0.1 ⫾ 0.1
257.2 ⫾ 69.8
29.5 ⫾ 15.3

Correlations (Pearson) at Enrollment
sCa

Alkaline
phosphatase
25-(OH)
vitamin D
Ca intake
Blood Pb

Alkaline
Phosphatase

25-(OH)
Vitamin D

Ca Intake

0.39†
⫺0.32*

⫺0.11

⫺0.11
⫺0.22*

⫺0.13
0.04

0.37†
0.06

0.19

* P ⱕ .05.
† P ⱕ .01.

for analyses to 6 control subjects and 10 Ca-supplemented cases. Overall, there was no group difference
between mean BPbs at either of the 2 time points, but
these analyses had little power.
There were no serious adverse events. Abdominal
pain complaints occurred infrequently in both
groups. Three children had uCa/uCr ratios between
0.34 and 0.39 at enrollment, all with initial Ca intakes
of 1600 to 1800 mg/day. Two of these children were
in the placebo group; their ratios declined to ⬍0.1.
The Ca-supplemented child had a uCa/urinary creatinine (uCr) of 0.36 at enrollment and after 3
months. This child had an enrollment Ca intake of
1620 mg/day and an average Ca intake during supplementation of 1800 mg. None of the children had
hematuria. There was no effect of Ca supplementation on hematologic measures or serum ferritin levels.
DISCUSSION

Considerable experimental data support the
premise of a potential role for Ca supplementation in
the amelioration of Pb poisoning. Ca-binding proteins have a high affinity for Pb.40,41 In rodent studies, BPbs in exposed animals are higher in those fed
Ca-deficient diets.42 Studies using stable isotopes of
Pb fed simultaneously with Ca to adults showed a
decrease in Pb absorption.43 Increasing dietary Ca is
associated with decreases in gastrointestinal Pb absorption and BPbs in some studies8,26,28,44,45 but not
in others.46,47 In a recent longitudinal study, Lanphear et al47 found a marginal correlation between
BPbs and Ca intake in a cohort of 12- to 24-month-old
children who received ⬃900 mg of Ca per day.
Furthermore, an interventional study aimed at
preventing Pb accumulation in infants in which formula-fed non–Pb-poisoned infants were supplemented with Ca glycerophosphate (1800 mg/L vs
465 mg/L) did not find a benefit over 9 months of

treatment.34 BPbs increased 2.4 g/dL in the unsupplemented and 2.0 g/dL in the supplemented
group. Of interest, there was no effect of supplementation on urinary Ca excretion or iron status. Sargent
et al34 suggested that a controlled trial was needed in
children with BPbs in the range of 10 to 20 g/dL.
The published data supporting a potential role of
Ca supplementation in the treatment of mildly to
moderately Pb-poisoned children are limited. A single uncontrolled study examined the potential effects
of Ca supplementation on a Ca-deficient and Pbpoisoned population in China. The source of Pb exposure in this group was from leaded gasoline usage
and industrial pollution, not leaded paint. Shen et
al48 provided a total daily intake of 800 mg Ca (the
current recommended dietary allowance for this age
group) to a group of 35 children who were aged 49 to
70 months and whose pretreatment Ca intake was
⬃300 mg/day. A 10 g/dL fall in BPbs was observed
over a 2-month period, although Pb exposure was
presumably ongoing and unchanged.
In our pilot study using 1800 mg/day as a Ca
intake target, we found a 5 g/dL difference in BPbs
after 3 months of follow-up between Ca-supplemented children and unsupplemented control subjects. This formed the basis of our power calculation.
A total of 1800 mg was also a level unlikely to be
associated with toxicity. This approach was validated by the lack of clinical and laboratory findings
of any detrimental effects attributable to the supplement during the course of the pilot of this study.
Unfortunately, we also did not find any benefit
from this Ca dose. The change in mean BPbs over 3
and 6 months of follow-up was comparable in both
groups. There are several possible explanations.
First, BPbs declined in both groups, and this is consistent with a successful environmental intervention
to reduce Pb exposure. If a main site of Pb-Ca competition is at the level of the gut, then the reduction
of Pb exposure would attenuate the effects of any
potential downstream interventions because less Pb
would be ingested. Second and related, this population of inner-city children, unlike historic reports,
were receiving a Ca-rich diet at the time of enrollment. Thus, it is possible that a maximal Ca intake
effect on Pb absorption in children had already been
achieved by the time of enrollment in the study. In
other words, on a molar basis, there was already a
greater amount of Ca in the diet as compared with Pb
and additional Ca therefore would have minimal
additional impact. We can estimate that average Ca
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intake increased from ⬃25 mmol daily at enrollment
to ⬃45 mmol during treatment in the Ca-supplemented group. The actual Pb intake before and during the study was unknown, but considerable exposure was documented at enrollment. During the
study period, it is possible that ingested Pb was
reduced to the micromolar range because concomitant efforts to reduce Pb exposure were ongoing and
largely successful; hand and floor wipe dust Pb content declined in 57% and 70% of the children, respectively. Pb is an effective competitor with Ca for protein binding when equimolar concentrations are
used in the test tube.49,50 If there had been a 1000-fold
difference in the molar concentrations of these metals
presented to the gut, then additional Ca would not
be expected to have a demonstrable additional effect
on reducing absorption. This leaves open the possibility that Ca supplementation may still play a role in
the treatment of Pb-poisoned children who are dietarily Ca deficient. However, the limited data in our
study from children with initially lower Ca intakes
(but still sufficient by recommended dietary allowance or Dietary Reference Intake standards) do not
support this hypothesis.
Another possibility to consider is the schedule
used for Ca administration. We chose to give the
supplements in 3 divided doses with meals to enhance compliance. These may not have been times in
close proximity to episodic Pb ingestion. In both
humans and rodents, concomitant administration of
Ca and Pb was most effective in reducing Pb absorption; the effect was attenuated when the dose of Pb
was administered 90 minutes later.51,52 Because we
had no control over the time of Pb ingestion, if it was
ongoing, then we could not relate our Ca supplementation schedule directly to this ingestion. It therefore
is possible that dividing the total daily dose into
smaller but more frequent administrations could still
have an effect on BPbs. This approach might provide
an opportunity for Ca and Pb ingestion to be coupled.
We found a dissociation between measures of sCa
and Ca intake and BPbs before and during Ca supplementation. Ca intake before or during the study
was not a predictor of BPbs or changes in those
levels, consistent with the findings of Lanphear et
al.47 Ca supplementation did not significantly improve BPbs more than placebo, which was consistent
with the study by Sargent et al.34
In contrast, sCa levels at enrollment were predictive of initial and subsequent change in BPbs. To
explore mechanisms for these associations, we analyzed the measure of bone activity, alkaline phosphatase—a marker of osteoblast activity—and the
marker of vitamin D nutritional sufficiency—the 25hydroxy vitamin D level. Bivariate correlations were
significant (uncorrected for multiple tests) between
Ca intake at enrollment and 25-hydroxy vitamin D
levels. This was expected because milk ingestion accounted for most Ca intake, and milk is vitamin D
fortified. sCa was related to alkaline phosphatase
and inversely related to 25-hydroxy vitamin D; the
last 2 were not statistically intercorrelated: in a regression model, both remained significant predictors
e38

of sCa1 with no interaction. If we interpret this finding to mean that increased bone turnover raises sCa
levels, then this occurred without increasing (measurable) Pb release because BPbs were not related to
sCa in this regression model. This is contrary to
expectations because increased bone resorption is
associated with increasing BPbs.53,54 Similarly, lower
vitamin D levels, although not in the range of vitamin D deficiency, were associated with higher sCa
levels but not alkaline phosphatase. If the D and Ca
levels were physiologically related, then lower D
levels could influence sCa indirectly by increasing
bone resorption via secondary hyperparathyroidism.
Again, if this mechanism were operating, then Pb
should have been released from bone as well,
thereby increasing BPbs. This was not observed using graphite furnace AAS. The sCa/BPbs relationship does not seem to have been mediated by bone
turnover or vitamin D status. We thus have no explanation for these sCa associations.
By design, our main outcome measure was the
change in BPbs. Assessment of BPbs remains the
gold standard for evaluating children; however, it
does not necessarily predict tissue Pb.55 It remains
possible that treatment did have an effect on the Pb
content in the soft tissues, and that remains to be
studied in animal models. We did collect data on a
measure of Pb’s biochemical effect, the EP level.
Again, we failed to find an effect of Ca supplementation on the progression of EP levels over the course
of the study.
Several additional considerations remain. The Ca
formulation that we chose was selected because it is
effective in the treatment of hypocalcemic patients, it
is in liquid form, and it is palatable to young children. It is possible that other formulations may have
different efficiencies in competing with Pb. In addition, a more restricted age range to younger children
who are more likely to ingest and absorb a greater
percentage of minerals may find Ca supplementation
more efficacious. We conclude that Ca supplementation to achieve 1800 mg/day is not effective for the
treatment of children who are 1 to 6 years of age,
have BPbs between 10 and 44 g/dL, and are receiving Ca-rich diets.
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