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"LONGITUDINAL CHANGES IN BLOOD LEAD LEVEL IN CHILDREN
. AND THEIR RELATIONSHIP TO SEASON, AGE,
AND EXPOSURE TO PAINT OR PLASTER"

: The attached article appeared in the April, 1979 issue
of the American Journal of Public Health., I call it to your
attention because the article indicates there is little, if
any, seasonal change in blood lead levels of children in New
York City. In addition, the authors found the major variable
in predicting blood lead level change were the child's age at
screening and a history of exposure to paint or plaster.

This may be helpful in responding to draft articles by
Billick.
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Longitudinal Changes in Blood Lead Level in Children
And Their Relationship to Season, Age,
And Exposure to Paint or Plaster

Jaxe McCusker, MD, DrPH

Abstract: Children scrpened for lead poisoning in
the Brownsville district of New York City in either
summer or winter were followed with blood lead tests
for approsimately six months 1o one year from screen-
ing to measure longitudinal changes in bleod lead level
and to identify some determinants of the changes. On-
ty minimal evidence was found of the hypothesized
summer risg in blood Jead Jevel, while the predominant

trend seemed o be for blood lead levels to display sta-
tistical regression o the mean. In children found to
have low to intermediate blood lead levels (<55 ug/
100m}) at screening, variables which were found to
predict a rise in blood leud level of 10 pg/100mi or

greater from winter to summer were under age three
andfor exposure to paint or plaster. (Am. J. Public

Health 69:348-352, 1979.)

Introduction

Lead poisoning sereening programs aim to prevent
symptomgtic amd asymptomatic lead poisoning and its se-
guelae through the early detection of children with excessive
leud wbsorption, folowed by medical andior environmental
intervention. The blood Jead test has been in widespread use
as qsereening test, but its refiahility and validity have been
questioned.® More recently the free erythrocyte pro-
toporphyrin (FEP) test, a measare of the toxic effects of Jeud
on the synthesis of heme. has been advocated as an alierna.
tive or supplement ta the blood lead test.™ ¢ Reigart and
Whitlock? evititted buth teats longitndinally in a group of
Bluck children in Charleston, South Carolina and found
greater fluctuations in the biood lead than in the FEP level.
In general. in children in whom the test results were dis-
cordant, ti.c.. high FEP and low bload lead level or vice ver-
sd), subsequent changes in blood lead level tended to follow
the direction suggested by the initial FEP level.

Guidelines for séreening programs have pradually re-
duced the blood fead level cut-off which separates positive
from negatise test resufts.? # Increusing emphasis is placed
on the periodic resereening of “high-risk”” children, general-
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Iy agreed-to be children under six years of age who live in or
ficquently visit deteriorating housing constructed prior t0
the 1960, Children with pica, defined as the ingestion of
non-food substances. .are alsoconsidered to be at high risk.?
In addition o the sociodemographic risk factors men-
tivned ahove. more frequent sereening has been advocated
during the summer months when {ead poisoning cases are
said to be more fikely to be disgnosed.© Evidence supporting
swnmer sereening comes largely from cross-sectional duta
gathered from large-scale screening programs in Chicapo and
New York City. ™ * Smaller loagitudinal studics huve report-
ed contlicting results. An early study by Chisolm and Harri-
son of 32 children with onset of ucute [ead encephalopathy
before two years of age showed that the vast mujority of
them experienced onset of symiptams during the summer
months.” Chisolm luter reported on 15 children treated for
acute lead encephalopathy during one summer whom he ful-
lowed with blood lead and urinary coproporphyrin tests over
the subsequent year.* Both tests showed u steady decling,
without any evidence of a seasonal effect, and Chisolm con-
cluded that season has little effect upon children not actively
ingesting tewd. Klein wnd Schiageter® followed 31 children
inttiully screened in the summer with persistently elevated-
blood lead levels (greater than 40 xp/100m on three succes-
sive determinations) for at least 12 months. They found an
overidl tendency for blood Tead levels to decline from a mean
sereening Jevel of §1 ug/100 ml to a mean level of about 40
pg 100 mil the following winter, followed by a slight rise to
ahout 44 g 100 ml the following summer. The Charleston
children siudied by Reigurt and Whitlock? were followed
over o sis-month period from winter to summer and no rise
in blood lead level was detected. The authors suggest that
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LONGITUDINAL CHANGES IN ‘BLOOD LEAD LEVEL IN CHILDREN

this may have been due to the smaller average seasonal fluc-
tuations in temperature in Charleston in comparison with the
northern cities where the previous studies had been con-
ducted.

The objectives of this study were:

1. To determine whether seasonal fluctuations in blood

lead level could be detected in cohorts of c¢hildren in New

York City followed longitudinally. The demonstration of
such fluctuations might suggest that a given blood lead level
detected during the winter months hus a different signifi-
cunce from the same lead level detected during the summer
months.

2. To investigate the value of using certain sociode-
mographic variables and a history of pica to identify those
children whose blood lead levels would rise over the ensuing
six 1o 12 months.

Subjects and Methods

This study was carried out in the Brownsville -arca of
Brooklyn, New York, where a lead poisoning screening pro-
gram is conducted by the Brownsville District of the New
York City Health Department (BDHD) as part of the city-
wide screening program.** At the fime the study was con-
ducted, children whose blood lead levels were 55 pg/100 mi
and over were designated cases’ -and followed with envi-
ronmental and/or medical intervention.

Initial screening blood lead levels were divided into
three proups: {ow (0 1o 34 ug/100 ml), intermediate {35-54
g/ 100 mb, and high (55 wg/100 m] and over), Five cohorts of

children comprised the study population. Three winter co-

horts (A, B. and C with low, intermediate, ind high blood
lead levels respectively) who were {inst. screened between
December 1, 1970 and February 28, 1971 were followed to
the summer of 1971. Two summer cohorts (D and E with low
and intermediate blood lead levels respectively) who were
initially screened in the summer of 1970 were followed to the
summer of 1971.°

Screening and follow-up blood leud levels were mea-
suresd on.a 5 ml venous blood sample at the New York City
Health Department Laboratories by atomjc absorption
spectophotometry.** Interviews with the child's parent or
guardian, using a standurd pre-coded questionnaire, took
pluce at BDHD at the time of the first ind second follow-up

*Cohort A was a 10 per cent random sample (n = 66) while co-
horts Btn = 1200 and C (n = 38) were 100 per cent samples. OF the
I8 members of cohort C, 11 received chelistion therapy during the
study period, and only the remaining 25 are included in the results,
Cohorts 1) and E were sumpled. systematically from BDHD files of
Wnldren imtially wreened between July | snd September 30, 1970 w0
give u total or M) in euch cohort.

**Study specimens were not specially marked but weré sent
along with routine screening and follow-up blood specimens. The
temporal stability of the blood lead level (which includes laboratory
variunce) over the range of lead levels encountered in this study is
expressed as un intraindividual vanance of approximately 25 g 100
ml {standard deviation of § p2g 100 ml). Further details on methods of
estimation of laboratory and total intraindividual variance may be
obtained from the author.
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tests 10 obtain information on social and demographic vari-
ables. Mothers were asked whether their child ever put pa-
per. ashes, or dirt in his mouth, and whether the child had
ever handled, mouthed, or ingested pieces of paint and plas-
ter. The mothers were reassured that various mouthing prac-
tices were quite normal in voung children. Even with this
precaution, this part of the history proved one of the most
difficult and it was often hard to pin the mother down on
details of the history. Comments such as **I"ve never caught
him at it,” or 1 don't dare leave him alone in case he does
i, were not uncommon, and neither was the mother who

*flatly denied that her child had ever mouthed foreign ohjects
implying that she was too good a mother to let this happen.
Because of the lack of reliability of this history it was de-
¢ided to define the variable “*exposure to paint and plaster™
to include a history of hangdling in addition to mouthing or
ingesting one or both of these substances, A positive history
indicates that exposure to paint or plaster was occurring at
the time of the initial screening test.

Results

The ethnic compasition of the study population was al-
most entirely Black (70 per cent) or Spanish-American (29
per cent). Seventy-three per cent of the children came from
families on welfare. One-fifth of all mothers had received on-
ly an elementary education: only 36 per cent were high
school graduates. The age runge of the children was from 10
months to 12 years with approximately one-third of the
sample 0-2 years of age, one-third 3-4 vears of age, and one-
third 5 yeurs of age.or older, The age distributions of the five
cohorts did not differ significantly.

Repeat blood lead test results 6 months after the screen
were obtained on 116/211 members of cohorts A, B, and C
(55 per cent) and 30/60 members of cohorts D and E (50 per
cent). Failure to folow-up members of the cohorts was most
marked in the fow blood Jead cohorts (A and D). This is
likely to be due to luck of motivation to return as the parents
were informed that the screening result was ‘in the normal
range. In addition, the Luter families were more likely to
have moved away from their address at screening. Further
investigation into characteristics of the children not fol-
fowed, which included contacting a sample of the non-re-
spondents who hud not moved, indicated that non-respond-
‘ents were similar to respondents with regard to age, sex,
race, and other demographic characteristics, but tended to
be less mobile, having lived in New York City for longer
than respondents.

-Seaso‘nal Pattern of Blood Lead Levels

Table 1 und Figure 1 contain data on seasonal changes in
blood lead levels. The percentage of children in each cohort
whuse blood lead levels rose vver the half-year following
screening is greatest in the winter cohorts A and B. A com-
parison of the percentages with a bloud lead level rise in the
two low blood lead level cohorts A and D yields a X3 of
13.656 (p < .01, A comparison of the same percentages for
cohorts B und E yields a X3 of 3.0%0 (p > .05). Analysis of
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TABLE 1—Blood Lead Level Changes in Children Tested Both in Summaer and Winter

‘Mean Winter  Mean Summer  Mean Change in

i AN

41.2 339

R Percentage 95 Per Cent
i with Increase Blood Lead Blood Leaa Blood Lead Conhdence
,'4,'# s Blood Level Level Level interval
;g Cohot n Lead Lavel {0/400ml) (2g/100mi) (310/100mt} (ge100mi}
3] e e e e e e e e i e e e+ e ar e e
g : ’ Winter Cohorts {Winter to Sumimer Transition)
% A 3 75 245 299 + 54 20<p<88
19 B8 70 .39 415 39.3 - 22 ~-4.7< u<03
3 : o3 14 o] | 58.7 46.1 -1286 =~-176<u<-~78
g e e e e - - . . e e e e
4 , Summer Cohorts (Summer 1o Winter Transifion)
v] 10 10 27.1 235 - 386 -78< <08
E 20 15 - 73

-11d4<pu<~32

*Unitreated membars of cohon € only

mean blood Tead fevel changes by ¢ohort indicates a statisti-
cally significant rise for cohort A and a full for cohorts C and
E(p < .05).

Exclusion from the anulysis of children aged five and

over (approximately one-third .of the samplel did not affect

the meun direction of blood fead level change by cohort but
didd affeet the size of the change by increasing & mean rise or
lessening a mean fall in blood lead level.

Subsets of cohorts D and E were retested the following
summer: their mean winter and summer blood lead levels
were as follows:

Although the numbers are small, and the changes not statisti-
cally significant,’cohorts D and E did show small fluctuations
in the expected directions.

When children with a history of puint or plaster ex-
posure were excluded from the anulysis there was no signifi-
cant change in the blood lead level putterns already de-
seribed. It therefore seemed unlikely that-a seasonal paitem
was being obscured by children currently ingesting lead or
whose lead Jevels had been clevated previously. The pos-
sible effects of various interventions including Public Health
Nurse home visits, Sanitarian home visits and inspections,
environmental intervention (home repairl, and study inter-

n mean winter mean summer views were examined in a simifar way. but the exclusion of
blood tead level blood lead level "Chim{cn,i.n whom these inten‘ctﬂions had l?ecn .upplied' did
e /100 mi) (g 100 mh not significantly alller the direction of previously described
blood 1ead level changes,
cohort D ] 23.0 24.8 Statistical regression to the mean seemed to be the pre-
cohont E 4 339 35.4

3]

.8
’.\--,. gonott
R .
\'

20 -T i -y - hadaast |
SUMMER WINTER SUMMER

BLOOD LEAD LEVEL tug 100 mi)

SUBL Al Members D0jy o T 00 e Dz ngtint

FIGURE 1—Meun Blood Level Changes in pp/100.mi in Five Cohorts
{95% confidence intervals are shuwn in parentheses),
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dominant determinant of blood lead level change. Analysis
by 10 w100 mi groupings demonstrated regression to the
3544 pp'100 mi range: children with screening levels beiow
this range showed a mean increase and those with screening
levels above this range showed a mean decrease, regardless

bO‘l uf sedson of testing.
; Prediction of Blood Lead Level Change
1 . . .
50 At the lime of screening, 70 per cent of the children
i were living in or frequently visited housing described by the
! Coot 5 parent or guardian as poor, i.e., old with peeling paint and/or
40 i ' 22 o broken plaster {no home visits were made to confirm this
1y j

verbal report). A further 16 per cent had previously lived in
poor housing. A significantly larger percentage of cohort C
thigh bload lead tevels) currently ar previously lived in poor
housing (94 per cent) in comparison with cohert B (88 per
cent) and cohort A (72 per cent).

The prevalence of mouthing of foreign substances in the
total sample (in whom the history was known) was 34 per

" cent for paper., 12 per-cent for ashes. and 4 percent for dirt

while 17 per cent were exposed to paint or plaster. More
than ane of the above characteristics was reported in 39 pe¢
cent of the children. Not surprisingly, exposure to paint or
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LONGITUDINAL CHANGES N BLOOD LEAD LEVEL IN CHILDREN

plaster was found only in ¢hildren living in poor housing, It
was interesting that mouthing of other substunces tpaper,
dirt, ashes) was also more common in this group, being re-
ported in 39 per cent af those living in poor housing as com-
pared 1o 17 percent of chitdien living in pood housing. This
refationship held even atter age-adjustment.

To examine the role of varicus sociodemographic vari-
ables in predicting blood Jead leveld change. those children
first screened in the winter but not designated cases were
examined {cohorts A und B). (Three members of cohort B
were excluded because they were not interviewed, leaving
67 children in cohort B.and 32 children in cohort A.) Of these
99 children, 14 had blood lead levels which rose 10 pgr 160 ml
or more by the following summer: seven from cohort A and
seven from cohort B.* Only two of the sociodemogruphic
and pica variables used in the study showed any clear and
consistent relationship to bloed fead level change: age under
three at screening, and u history of exposure to paint or plas-
ter. Tuble 2 shows the sensitivity and specificity of using
these variables alone or in combination to identify those chit-
dren whose blood lead levels rose 10 gg/100 ml or more by
the following summer.

Discussion

In discussing the results of this study. itis first appropri-
ate 1o consider the extent to which the results may be gener-
alized. The reference populution for this study was the popu-
lation of children screened for lead poisoning in the Browns-
ville Jistrict of New York City. ‘This population was in many
ways 1y pical of ong ut “high-rish™ for lead poisoning, being
un urban ghetto population of Blwk und Spanish-American
vhildren of predominantly welfure families, living in deterio-
rating housing with all its attendant problems. Although the
non-response rate wis high, non-respondents appeared to
differ from respondents only in mobility which was not found

tu be relued to blood lead level changes. Tt therefore seems
unlikely that selection hjas could account for the results of
this study. The sample, however, is 4 small one.

Although subtle evidence was found of @ seasonal pat-
tern of bload fead levels, season did not exert as great an
effect as had appeared from i review of the fiterature. Data
from the Chicage® and New York City® lead poisoning
sereening programs indicated a clear seasonal puttern in the
percentage of high blood lead levels detected, with a mini-
‘mum in the winter and 4 maximum in the summer. The dif-
ference between mean winter and summer blood lead leveis
in the Chicago study was 15 ug/100 ml. These data were
crpss-sectional rather thun loogitudinal and it is possible that
factors such a increased screening of high-risk arcas during
‘the summer months might account i purt for the results.

The usual explanation for the summer increase in blood
lead fevel is increased lead absorption due 10 vitamin D.asa
responsé to increased expostre 1o sunlight.'* '* More recent
work by Sorrell and associates'? suggests that, regardless of
blood lead level und seuson, serum 25-OHD (the most re-
linble indicator of an individual’s vitamin D status}is primar-
ily a function of vitamin D intuke and that high blood levels
tend to be associated with a relative vitumin D deficiency,
rather than an excess. The relationship between lead and vi-
tamin Dy clearly complex and may also-dnvolve interference
with the bivgenesis of the hormonal form of the vitamin (i,
25-«¢OH) from 25-OHD.** Another explanation for a sea-
sonal increase in blood lead levelsis increased ingestion and/
or inhalution of dust-borne leud during the summer
months,

In this study, the hypothesized seuasonal effects. if ine
deed they exist, appear 10 be of lesser importance than the
phenomenon of regression to the mean.'* The roles of vari-
ous types of intervention (medical, environmental, and inter-
view effect)in causing this decline in blood lead level were
evaluated, and no evidence for a relationship was found (al-
though sample sizes were small). There was also no sugges-
tion that the seasonal pattern might have been obscured by

TABLE 2—Age* and Pica$ as Predictors of Blood Lead Level Change**

Aise = 1059m 100mi

{n - 14)
with wiinout
Fredictor ‘Prediclor
Precictor {a) )]
Age < 3 2 ]
Pica 10 4
1

Age « 3 or pica*** 13

No Rise

fn = 85) Per Cont Per Cent
- ‘Jenstivily Specihcty
with withgut l ( 4 }
Predictor Predictor —e -
{c) (d arb RN B
12 73 57 8

*Age at screening

tHistory of handiing, mouttung, of ingesting dam or plaster at e ol screening
**Data from all members of cohorts A and B as I'sted in Table 1, except three chidren whose pica history was ynkaown

~? = 19570. p < 001

**The cut-off of 1 ug 100 ml rise in blopd fead level was chosen
as being twice the standard deviistivn for intraindividual variation.
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**Rosen I Personal communication to the author.
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the presence of children who were either cusrently ingesting
fead or who had previously suffered high blood lfead levels.

Two other explanations should he considered: the over-
all declineg in blood lead level could have heen caused by the
educationul effects of the screening pracess itself, or there
could have been un inconsistency over time in the laboratory
analyses. A change inthe Jaboratory analvtic results over the
period of the study seems an unlikely explunation as stan-
dard specimens were used daily as reliability cheeks. The
educationuf effect was 4 fuctor shared by all study members
and it could have produced the abserved effects by causing
an accelerdion in the normal aging process whereby a child
stops mouthing foreign ohjects. N

“The variables which were found 10 be of major inpor-
tance in predicting subsequent blood lead fevel chunge were
the child's age ut screening andschistory of exposure to paint
or plasier. Other authors have described the important relu-
tionship of age to increased tead absorption® ** and so it was
not surprising that age trned out to be an importantvariable
in predicting subsequent bload lead level change: children
under age three were at greatest risk of showing an increase
in blood lemd level over the six months following screening.
It was surprising, however. that there was fiol u greater cor-
relution of age with actual blood lead level: the mean and
range of age at screening were very similar in cach of the
cohorts. Furthermore, a recent history of exposure 1o paint
or plasier was present 10 the sume extent in both the older
and younger members of cohort (. Although the numbers
invalved are rather smvall, it appears that children over three
yeurs old are more likely w have high biaod tead levels than
had previously becn thought,

A history of pica for puint for plaster has been used as a
screening device jn New York City in the pust’” hut has
fargely been abandoned us too unreliable and of Jow seasitiv-
ity, The sesults from the present study suggest that about
one-third of the children with high blood lead levels (Cohort
C) would have been missed if a history of exposure to paint
for plaster trecent or p.nn had been used alone as a ¥creen-
ing test,

The results of this study suggest that selective follow-up
of children whose screening blood lead levels are in the Jow
to intermediate range (<355 g 100 ml) and who ot screening
are cither under age three or whose parents respond affirm-
atively to the question, **Does your child ever handle pieces
of puint or plaster or put them in his mowth?™, may be a
sensitive and fairly specific meuns of identitying those chil-
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dren whose blood lead levels will rise over the ensuing
months. This approach could be tested in a variety of screen-

ing programs to determine its value,
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