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ABSTRACT

BACKGROUND

Environmental lead exposure has been linked to alterations in growth and endocrine
function. It is not known whether such exposure affects pubertal development.

METHODS

We analyzed the relations betveen blood lead concentration and pubertal development
among girls (defined as females 8 to 18 years of age) who were enrolled in a cross-
sectional study (the third National Health and Nutrition Examination Survey) in which
racewas self-reported orproxy-reported: 600 were non-Hispanicwhite, 805 were non-
Hispanic African-American, and 781 were Mexican-American girls. Pubertywas meas-
ured on the basis oftheage at menarche andTanner stage forpubic-hairand breastde-
velopment-
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RESULTS

Geometric mean lead concentrations were less than 3 pg per deciliter (0.144 pmol
perliter) in all three groups.As comparedwith concentrations of 1pgperdeciliter(0.048
pmol per liter), lead concentrations of3 pg per deciliter were associated with decreased
height (P<0.001), after adjustment for age, race, and other factors, but not with body-
mass index or weight Blood lead concentrations of 3 pg per deciliter were associated
with significant delays in breast and pubic-hair development in African-American and
Mexican-American girls. The delays were most marked among African-American girls;
in this group, the delays in reaching Tanner stages 2, 3, 4, and 5 associated with a lead
concentration of3 pg per deciliter as compared with 1 pg per deciliter were 3.8, 5.3, 5.8,
and 2.1 months, respectively, for breast development and 4.0,5.5, 6.0, and 2.2 months,
respectively, for pubic-hair development; the associated delay in age at menarche was
3.6 months. In white girls, there were nonsignificant delays in all pubertal measures in
association with a lead concentration of3 pg per deciliter.

CONCLUSIONS

These data suggest that environmental exposure to lead may delay growth and pubertal
development in girls, although confirmation is warranted in prospective studies.
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E-- XPOSURE TO ENVIRONMENTAL CON-
taminants mayacceleratel.2 or delay3 puber-
tal development in girls. Lead is a ubiqui-

tous environmental contaminantassociatedwith a
variety ofhealth effects.4 Although theaverage body
burdens in U.S. children have decreased markedly
since the removal of lead from gasoline in 1979,5
current body burdens nonetheless remain appre-
ciably higher than preindustrial levels.6

Exposure to lead could indirectly affect the tim-
ing of puberty in girls through effects on growth.
Prenatal or postnatal exposure to lead is associated
with growth restriction in laboratory animals7 and
humans.8 -9 In large cross-sectional studies of young
children, increased lead concentrations were asso-
ciated with decreased height, weight, or both.10.11 In
turn, increased height, body-mass index (the weight
in kilograms divided by the square ofthe height in
meters), and weight were directly associated with
earlier pubertal development.12.13

In addition to effects on growth, prenatal and
postnatal exposure to lead may influence pubertal
development through the hypothalamic-pituitary-
gonadal axis. Studies ofrats exposed to lead found
altered hormone concentrations and delayed pu-
berty.7.14.lS We assessed the relations between blood
lead concentrations and puberty in girls in the third
National Health and Nutrition Examination Survey
(NHANES III), conducted from 1988 to 1994.16.17

bic-hair stage for 1964 girls, breast-development
stage for 1986 girls, and age at menarche for 1796
girls (limited to those 8 to 16years ofage). Nine per-
cent declined to be examined for pubic-hair stage,
and 8 percent for breast-development stage.' 7 The
113 girls belonging to other racial or ethnic groups
were not analyzed owing to their small numbers.
Written informed consent was obtained from all
participants.

NHANES data were weighted to adjust for un-
equal selection probabilities and nonresponse and
adjusted to match estimates ofthe Current Popula-
tion Survey for the U.S. noninstitutionalized popu-
lation.16 . '7 To accommodate the complex sample
design when calculating variance., estimates, we
used SUDAAN (release 8.0.1) and SAS (release 8.1)
software. In comparing characteristics across racial
and ethnic groups, we used the median test, adapt-
ed for complex survey data, for continuous data18

and the Cochran-Mantel-Haenszel test for categor-
ical data.L9 Since blood lead concentrations were
not distributed normally, the data were log-trans-
formed. A log (base 3) transformation was used to
compare blood lead concentrations of3 pg per deci-
liter (0.144 pmol per liter) with those of I pg per
deciliter (0;048 pmol per liter), to approximate the
75th and 25th percentiles, respectively. Multivari-
able linear regression was used to model relations
between growth and blood lead concentrations.
Measures ofbody size included height, weight, and
body-mass index.

Associations between theTanner stage and body
size and between the Tanner stage and blood lead
concentrations were examined. Tanner staging for
pubic-hair or breast development classifies girls
into five progressively more mature stages, ranging
from stage 1 (no development) to stage 5 (fully ma-
ture).20 Tanner stages were assessed by trained cli-
nicians without knowledge of the girls' blood lead
concentrations.16 Ordinal logistic regression (lo-
gistic regression for ordered responses) was used
to assess the progression oftheTannerstage, which
calculated odds ratios ofthe likelihood ofreaching
higher Tanner stages with changes in lead concen-
trations, after controlling for age and other factors.
Odds ratios greater than 1.0 indicate accelerated
pubertal development, whereas ratios of less than
1.0 indicate a delay, relative to the reference group.
The mean age for each Tanner stage was estimated
from the model by generating age-specific proba-
bilities and computing the weighted mean age for
that stage.

J1

METHODS

NHANES III was a cross-sectional, nationally rep-
resentative, complex-sample survey ofthe U.S. non-
institutionalized population two months of age or
older, designed to provide estimates of the health
status ofthe general population.1 6.l1 About40,000
civilian, noninstitutionalized personswere surveyed
with use ofa stratified, multistage; clustered-proba-
bility design. Race and ethnic background were self-
reported or proxy-reported in NHANES lH. Mexican
Americans and African Americans were oversampled
to provide more precise estimates for these groups.

During the household interview, 2741 girls, de-
fined as 8 to 18 years of age at screening, were se-
lected for the study. Of these, 2585 completed the
survey, including the physical examination and bi-
ologic-sample collection. Data on pubertal devel-
opment and lead concentrations were available for
2186 girls: 600 non-Hispanic white girls, 805 non-
Hispanic African-American girls, and 781 Mexican-
American girls. Measures of puberty included pu-
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The age at menarche of the 8-to-16-year-old
girls was obtained by interviewing girls who were
10 years of age or older or, for girls younger than
10 years, adults (usually the girls' mothers).To reduce
the interval between the onset of menarche and a
subsequent blood lead assessment, girls older than
16 years of age were not included in menarche anal-
yses. The relation between the lead concentration
and the age at menarche was analyzed with use of
Cox proportional-hazards modeling after the exclu-
sion (censoring) of data on each premenarchal girl
at herage during the survey. The age at examination
was recorded in months, whereas the age at menar-
che was recorded in years. To reduce downward
bias, 0.5 year was added to age at menarche.

Pubertal onset has been reported to occur ear-
lier in African-American girls than in whites.21-23

In an earlier analysis ofdata from NHANES 11I, pu-
bertal development in Mexican-American girls was
intermediate between that ofAfrican-American girls
and white girls.23 Thus, analyses were performed
separately for each ofthe three groups. Delays were
estimated by comparing the modeled median age at
each blood lead concentration with the median age
for a blood lead concentration of 1 pg per deciliter.
: In all analyses, age and potential risk factors or
confounders were examined, including age at ex-
amination (in months), smoking status, dietary in-
formation (a 24-hour report of dietary calcium, iron,
vitamin C, and total fat), presence or absence ofane-
mia,4 ,11' 24 and measures of socioeconomic status
(urban vs. rural residence and family income ofless
than $20,000 per year vs. $20,000 or more). Vari-
ables remained in the model ifthey reached border-
line statistical significance (P<0.1) or were potential
confounders (i.e., if the coefficient for the log blood
lead concentration changed by more than 10 per-
centwhen that factorwas included in the final mod-
el). For consistency, any factor included for one
racial or ethnic group was included in analyses for
the othergroups.

of a subgroup of these girls.23 African-American
girls were significantly younger at menarche than
whites, and Mexican Americans were intermediate
between and not significantly different from Afri-
can-American girls and white girls. There were also
differences between groups in some measures of
socioeconomic status (income and level ofeduca-
tion of the head of household) and some personal
factors (ever having smoked or consumed alcohol
and dietary calcium levels).

Overall, blood lead concentrations declined with
age (Fig. 1). The geometric mean blood lead con-
centrations were below 3 pg per deciliter for all
groups. Few girls had blood lead concentrations of
more than 5 pg per deciliter (0.24 pmol per liter):
2.7percentofwhites, 11.6 percent ofAfrican Amer-
icans, and 12.8 percent of Mexican Americans.
Very few had concentrations of more than 10 pg per
deciliter (0.48 pmol per liter) - the Centers for
Disease Control and Prevention's level of concern
for children 25 - 0.3 percent of whites, 1.6 per-
cent ofAfrican Americans, and 2.3 percent ofMex-
ican Americans.

Each stage of pubertal development occurred
earliestamongAfrican-American girls. Among girls
whose blood lead concentration was 1 pg per deci-
liter or below, the average ages for Tanner stages
2,3,4, and 5 ofbreastdevelopmentwere 10.1,11.7,
13.2, and 15.8 years, respectively, among African
Americans; 10.7,12.5,14.1, and 16.4 years, respec-
tively, among Mexican Americans; and 11.2,12.9,
14.7, and 16.4 years, respectively, among whites.
African Americans were also the youngest at each
stage ofpubic-hair development (10.1, 11.3, 13.4,
and 16.0 years at Tanner stages 2, 3, 4, and 5, re-
spectively). The average ages for each ofthese stag-
es in white girls (11.2, 12.6, 14.8, and 16.8 years,
respectively) and Mexican-American girls (11.1,
12.7,14.8, and 16.7 years, respectively) were sim-
ilar. African-American girls were also the youngest
atmenarche, with an average age of 12.0 years, as
comparedwith 12.4years in whites and 12.2years
in Mexican Americans.

To explore whether pubertal development was
associated with measures of growth, we assessed
relations between pubertal development and body
size and between lead concentration and body size.
Greater height, weight, and body-mass index were
each individually associated with a higher breast-
development stage. When height, body-mass index,
and weight were included in models simultane-

RESULTS

The mean ages ofthegirlsweresimilarin thethree
groups (Table 1). As compared with whites, African-
American girls were significantly taller, and both
African Americans and Mexican Americans had a
higheraverage body-mass index. The average stag-
es of breast and pubic-hair development and blood
lead concentrations were highest among African
Americans, a finding consistentwith prior analyses ously, however, only height and body-mass index
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TaLe Characteritc ofothPaticfipants Accordngt R Ian thi cGrou

Non-Hispanic Whites Affican Americans Mexican Americans
Characteristic (N 600) (N.805) (N-781) P Value

,Age at physical examination (yr) ., .>J194,-'*~,.~

C 959 CI :l '1 30-3 P~13'i143 7r" " 4: i

Height-in. <0 001
Mean 60.5 61.0 59.6
95% C 59.9-61.1 60.5-61.4 59.2-60.0

Body'rnass index. :3 -t .'.,.t !;.S ',,Ls_,,=< ,rtr '.E ''.'5'

J -Mean - ,-:.,, -.. ," *; .. ;' it.. . * , a ...... *, . o ' f 1 7>, ,- : ; .~ 02;
X95%C~ '! -;' . - '*, . m' " jt:~20.211 P 7 .~.. 21.2 22i,, , :20.9 722. . '

Urban residence (%) 43.0 50.0 54.5 0.24

Head of household's level of education (yr) .<0.001
Mean 13.1 11.6 8.6
95% Cl 12.8-13.5 11.3-11.8 8.1-9.1

U'A history ofsm1kin! 00c- arettest (%)j0" srr . H g K .- 3 u u

No. of cigarettes smoked/day (among smokers) 0.02
Mean 11.8 S.8 7.1
95% Cl 10.6-13.0 NA NA

eAny t o ioicnsumption 'mo4 p ; --i37. ! 1 ?¾ * 91 ' "v9 "- 0.001

Dietary calcium (mg/day) <0.001
Mean 854.7 735.2 923.3
95% Cl 811.2-898.2 692.6-777.9 856.3-990.2

. I2- V 13.44

iUs;! Mean- : . . *:. . ; : t !2s 131 . 1 : :12 7^ : 1 t 34 ;:
95 Cl' ' - -- . G- 12.1 14;1 . :-. -2.0-13.S 12.4;-4 ;:

Dietary vitamin C (mg/day) 0.18
Mean , 89.6 110.0 106.2
95% CI 80.7-98.5 100.7-119.2 97.9-114.6

3)

remained associated with greater breast develop-
ment, owing to the high correlation between body-
mass index and weight (odds ratio for each 1-in.
[2.5-cm] increase in height, 1.7 [95 percent con-
fidence interval, 1.09 to 1.25], and odds ratio for
each 1-unit increase in body-mass index, 1.08 (95
percent confidence interval, 1.01 to 1.15], afterad-
justment for age, age squared, dietary iron, family
income [less than $20,000 per year vs. $20,000 or
more], and race). Increased heightwas associated
with earlier pubic-hair development; the odds ratio
for reaching a given Tanner stage associated with a
1-in. increase in heightwas 1.23 (95 percent confi-
dence interval, 1.14 to 1.33), after adjustment for
age, age squared, dietaryvitamin C, family income,
and race and ethnic group. No measure of growth
was significantly associated with age at menarche.

Higher blood lead concentrations (3 pg per deciliter
vs. 1 pg per deciliter) were associated with'decieased
height (regression slope =-0.51, Pc0.001) but not
with changes in body-mass index or weight 'after
adjustment for age, age squared, race and ethnic
group, family income, presence orabsence ofane-
mia at examination, and dietary vitamin C, iron,
and calcium -a finding that was similar to those
in girls younger than eight years ofage.11

Higher blood lead concentrations were associ-
ated with significant delays in all pubertal measures
amongAfrican Americans and in breastand pubic-
hair development among Mexican Americans (Ta-
ble 2 and Fig. 2 and 3), after'adjustment forrelevant
physical, demographic, and socioeconomic charac-
teristics. For white girls, the relations between lead
concentrations and pubertal development were in
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bW1:j5&htinu6d

Non-HispanicWhites African Americans Mexican Americans
Characteristic (N=600) (N =805) (N -781) P Value

Anemia (%)td 4.5 23.1 7.2 <0.001

Blood Icad Eb nri / , - C -. '' X -

;-'*'Gcometricmean, - lt ~ * *.-t; ..

Age at menarche (yr) 4 0.02
Mean 12.4 12.0 12.2
95% Cl 12.2-12.6 11.9-12.2 12.1-12.4

.j: 37 'jV-
4rMea9.;C 7! ,i 35;.s.' -3S-..i-.'-13 36-

Pubic-hair stages <0001
Mean 3.2 3.6 3.2
95% CI 2.9-3.4 35-3.8 3.1-3.3

P values among the three racial and ethnic groups were calculated with use ofthe Cochran-Mantel-Haenszel chi-square test for categorical
outcomes' 9 and the median test' for continuous variables. For outcomes significant at a P value of less than 0.05, comparisons examined
differences among pairs of groups: all three groups differed from the othertwo with respectto the level of education of the head of household
and blood lead concentration; African Americans differed from both other groups with respect to drinking status, anemia status, and dietary
calcium levels; whites differed from the other two groups with respect to family income. ever having smoked 100 cigarettes, and body-mass
index; Mexican Americans differed from the other two groups with respect to height; whites and Mexican Americans differed with respect to
the number of cigarettes smoked per day- and whites differed from African Americans with respect to pubic-hair development and age at men-
arche. To convert values for height to centimeters, multiply by 2.54. To convert values for lead to micromoles per liter, multiply by 0.048. CI de-
notes confidence interval, and NA not available.

f The presence of anemia at examination was defined with the use of age-specific hemoglobin cutoffvalues.24
The midpoint of the year ofage at menarche was used for girls 8 to 16 years of age (for girls whose agewas less than the midpoint ofthe year
of age at menarche, current ages were used). Of all the girls who were 8 to 16 years of age, the following had reached menarche: 237 of 490
non-Hispanic whites (48.4 percent), 345 of 654 African Americans (52.8 percent), and 312 of 652 Mexican Americans (47.9 percent).
These values represent the average stage for all girls in each group. Tanner stages20 were scored separately. For both, stage 1 represented pre-
adolescence, with no development. Tanner stages for pubic-hair development are as follows: stage 2 is defined by sparse growth of nonadult
hair in a limited area, stage 3 by darkening hair and greatercoverage, stage 4 by hair of adult quality but limited to the pubic area, and stage
S by full distribution of hair to medial aspect of thigh (fully mature). Tanner stages for breast development are as follows: stage 2 is defined by
breast buds, stage 3 by further enlargement and elevation ofbreast and aureola, stage 4 by projection ofaureola and papilla above breast and
stage S by fully mature breasts. . i ;

the same direction as in the other groups butwere ed with lead concentrations of 3 pg per deciliter as
not significant. . -, compared with 1 pg per deciliter were also largest

The greatest delays in breast developmentasso- among African Americans: 4.0, 5.5, 6.0, and 2.2
ciated with higher lead concentrations were in Af- months forTanner'stages 2, 3, 4, and 5, respectively.
rican Americans. As compared with a lead concen- As for breast development, the likelihood ofzreach-
tration of p lg per deciliter, a lead concentration of ing consecutive stages of pubic-hair development
3 pgperdeciliterwasassociated with delays in reach- decreased as blood lead concentrations increased
ing Tanner stages 2, 3, 4, and 5 of breast develop- (Table 2). There were smaller, stage-specific delays
ment (delays of 3.8, 5.3, 5.8, and 2.1 months, re- in pubic-hair development for the same lead con-
spectively).,The likelihood of reaching each stage centrations among Mexican Americans (3.5, 4.0,
ofbreastdevelopmentdecreased as blood lead con- .3.7, and 1.5 months for Tanner stages 2, 3,4, and
centrations increased (Table2). Smallerdelayswere ,5, respectively) and nonsignificant delays among
observed for Mexican-American girls (for Tanner whites (2.6,3.0,3.0, and 1.1 months, respectively).
stages 2, 3, 4, and 5, the respective delays were A significant association between higher blood
2.4, 2.8, 3.0, and 1.3 months)..The delays were leadiconcentration and age at menarche was found
nonsignificant for white girls (respective delays of only in African-American girls, with a delay of 3.6
1.7,2.2,2.3, and 0.7. months).. :i months for blood lead concentrations of 3 pg per

The delays in pubic-hair development associat- deciliter as compared with 1 pg per deciliter (Table
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2). The difference in age at menarche with a blood
lead concentration of3 pg per deciliter as compared
with 1 pg per deciliter was smaller and not signif-
icant in whites (2.9-month delay) and Mexican
Americans (0.4-month delay).

DISCUSSION.

As compared with a blood lead concentration of
1 pg per deciliter, a blood lead'concentration of3 pg
per deciliter was associated with delayed pubertal
development, after adjustment for body size and
other factors. Delays were statistically significant
for all three measures in African-American girls and
for breast and pubic-hair development in Mexican-
American girls. Forwhite girls, the relations between
lead concentration and measures of puberty were
in the same direction as in the other groups but
were not significant.

We also found that higher blood lead concen-
trations were associated with decreased height,
but notweight or body-mass index, after adjust-

ing for racial and ethnic group and other factors.
Our analyses of girls 8 to 18 years of age extend
findings from previous studies of younger chil-
dren. 10

,
26

,
27 In two studies, increased blood lead

concentration was associated with reduced height
but not weight or body-niass index.10.1 ' In a third
study, decreased heightandweightwere independ-
ently associated with increased blbod lead co6icen-
tration.27 Prenatal'and postnatal exposure to lead
also increased pituitary growth hormone and sup-
pressed plasma insulin-like growth factor 1 in
rats.15 28 :

In our study, relations between measures 'of
body size and pubertal development, adjusted for
racial and ethnic group, varied with the mfeasure of
puberty. Only increased heightwas associated with
a more advanced pubic-hair development; weight
and body-mass index were not All three body-size
measures were individually associated with breast
development; but in analyses including all three,
only height and body-mass index were signifi-
cantlyassociated with breast development, owing
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ofo L Concent ons~of3 gper DelterasCompared with 1 pig per Deciliter on Miasiires ,' sb't'

Non-Hispanic
Whites

African
Americans

Mexican
Americans

8-to-18-year-old girls

~reas'dee v~elret od'ds ratio -. ''d ': * t I

djsefrg ny02 (053 1;27) ~'-~.0(0A-.84,.4)t' 77,(0.61;-0.97)t,_
.. IAU74radjusted. '-A 082 (047 142) .'.06- 4 (0.4 2 ."097)t m' -076 (0'63-0 91)t-'

Pubic hair development-odds ratio
(95% Cl)

' Adjusted for age only 0.64 (0.36-1i13) 0.58 (0.41-0.81)t 0.60 (0 45-0 80)t
Fulliadjustedi ' 075(037 151) 0.62 (0.41-0.96)t 0X70 (0.54-091)t

8-to-16-year-old girls

t- Adjusted for lea'donly f'. 0i .r'-. l81'(0.61 1.08) -=?t -i .9(6 ,9t ir8,'~l(3 o)'079 (064 f , , ' 0?91 [O. 67-11 '0)1`
~ Fulyaduste¶~-~.~. ~..... 074055- 002 ~ 08 (03-09)t 9 ;lf .'49(031

* Odds ratios reflect the likelihood of reaching a successive stage of pubertal development for girls with a log-transformed
lead concentration of3 pg per deciliter as compared with 1 pg per deciliter. Hazard ratios were calculated with the use of
Cox proportional-hazards models. Cl denotes confidence interval. -

t P<0.05.
t Analyses were adjusted for age, age squared, height, body-mass index, family income (<$20,000 per year vs. $20,000 or

more), everhaving smoked 100 cigarettes (vs. never having done so), and dietary intake of iron, vitamin C, and calcium.
S Analyses were adjusted for age, age squared, height, family income (<$20,000 per yearvs. $20,000 or more), ever having

smoked 100 cigarettes (vs. never having done so), presence or absence of anemia (defined on the basis of age-specific
hemoglobin cutoff values24), and dietary intake of iron and vitamin C
Analyses were adjusted for height, body-mass index, family income (<S20,000 peryearvs. S20,000 or more), presence or,
absence of anemia (defined on the basis of age-specific hemoglobin cutoffvalues24), and dietary intake of calcium.

to a high correlation between body-mass index and
weight. No body-size measures were associated
with the age at menarche. Body-fat measurements,
including body-mass index, and height were asso-
ciated with pubertal development in other stud-
les.12,13,29i31

We found differences in the timing of pubertal
development in girls of different racial and ethnic
groups, findings consistent with the results ofpre-
vious studies.21 -23 For each measure ofpuberty, Af-
rican Americans were younger than whites at every
stage ofpubertal development Mexican-American
girls reached breast-development stages earlier than
whites, but pubic-hair development and menarche
occurred at ages similar to those ofwhites.

Higher blood concentrations oflead were asso-
ciated with delayed puberty in African-American
and Mexican-American girls, but these associations
were not significant in white girls. The reasons for'
these differences are unclear. Nonsignificant pu-
bertal, delays in white girls with higher lead con-
centrations may result from a decreased power to

detect an association owing to the examination of
fewer white girls. Alternatively, differences among
the groups may result from genetic or other envi-
ronmental factors. For example, African-American
girls reach skeletal maturity earlier than whites,
although this may be accounted for by increased
adiposity among African Americans. 13 .32 White
girls have longer menstrual cycles and durations of
menstrual bleedingthanAffican Americans, subgest-
ing differences in hypothalamic-pituitary-gonadal
regulation.33 ,34 White and African-American girls
also have differences in hypothalamic-pituitary-.
adrenal function, as evidenced by a greater cortico-
tropin response,35 which may be affected by expo-
sure to lead.3 6 ,

Developmental exposure to lead affects growth
and sex hormones in animals. Prenatal, lactational,
and prepubertal exposure to lead delayed the age at

'which vaginal opening and first estrus occurred in
rats.7.14.l5.37 Rats exposed to lead prenatally or
during lactation and rats with low postnatal lead
concentrations had decreased serum concentra-
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Non
Non. Hispanic

Hispanic Aftican- Mexkan-
White American American Non-Hispanic
Girls Girls Girls Non-Hispanic White Girls African-American Girls Mexican-American Girls.

12SOp 12 . 12-it so- 12P- 0.47 --- Stage 2 12 p-0.0 /1 P-O.Oo4
S E10-Stage 10 lo-10

S40 N-540 N-725 N-72 0 -- Stage 4 t1-Stage4 . -8
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tions of insulin-like growth factor 1, luteinizing
hormone, and estradiol in the absence ofeffects on
body weight.is Decreases in these puberty-related
hormones might delay the onset or progression of
puberty.

The delays in puberty associated with blood lead
concentrations are striking given the low concen-
trations recorded during the survey. An increase in
blood lead concentrations from 1 pg per deciliter to
3 pg per deciliter was associated with delays in
breast and pubic-hair development ranging from
two to six months among African-American girls,
depending on the stage of puberty. Smaller delays
were observed in these measures in the other two
groups. However, we do not have data on earlier
concentrations in these girls, andwe cannotexclude
the possibility that higher lead concentrations early
in life may explain or contribute to observed pu-
bertal delays.

In children, blood lead concentrations typically
peak at about one to two years ofage and gradually

decrease thereafter, 5' 11 data consistentwith the de-
cline in blood lead concentrations with age observed
in this study. Younger children have higher blood
lead concentrations than older children in the same
environment because of greater exposure and lead
absorption from the gastrointestinal tract.38 In ad-
dition, environmental concentrations of lead have
decreased markedly over the past. two decades.4

Some girls in this cross-sectional studywould have
been young children at the time of NHANES II
(1976 to 1980); in which the geometric niean lead
concentration among children one to five years of
age was 15.0 pg per deciliter (0.72 pmol per liter),
with 88.2 percenthaving concentrations above 10 pg
per deciliter. Although our findings cannot prove a
causal relation between mildly elevated lead concen-
trations and delayed puberty, they suggest that even
a relatively low level of exposure to lead may influ-
ence growth and sexual development in girls.

In addition, other factors associated with body
lead burden and pubertal development that we did
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not assess may be responsible for the observed as- founders. These findings suggest that delays in pu-
sociations. Aswith anycross-sectional study, report- bertal development may be due at least in part to
ing of past events, such as age at menarche and mechanisms independentofeffects on growth, con-
dietary history, is subject to errors in recall. We ad- ceivably to alterations in endocrine function.
justed for several potential confounders measured Thevieivsexpressedinthisreportarethoseoftheauthors anddo

at the time ofthe study, but these factors may have notnenssarllyrdlcttheyiewsorpoy.esoftheEnvironmentzl-
differed during periods critical for pubertal devel- we are indebted to Robin Jones ofWestat for assistance with the
opment or other unmeasured confounders may developmentofthe data base, to Dr. Susan Schoberofthe National

hav afhced he eslts Ou sudyddcmets s-cener for Health Sta tistics; fora2ssis tance in working with NHANEShave affected the results. Our study documents as- CIII dataand to Dr. Deborah Winn of the National Cancer Institute
sociations between the blood lead concentration andDrs.BruceRodanandAllanMarcusoftheEnvironmnentalPro-
and delayed pubertal development after adjustment tection Agency for their helpful comments during the development

for measures of body size, age, and potential con- ofthemanuscript
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