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Secular Trends in Height Among Children

During 2 Decades

The Bogalusa Heart Study

Dravid 5. Freedman, FhD; Lawra Kerrel Khan, PhD; Mary K. Serdula, MD;

Sathanur R. Srinivasan, FhD; Gerald 5. Herenson, MDD

Ohblective: To examing rends in height among 5- to 17-
viear-old children between 1973 and 19932,

Deslgn: A panel design consisting of 7 cross-sectional
SUTVEYS.

Partlclpants: All schoolchildren residing in Bogalusa,
La, were eligible. A ol of 24 070 examinations were
peclormed

Results: During the study period, the mean hetght of
schoolchildren increased by 0.70 em per decade inde-
pendently of race, sex, and age. Trends were most pro-
nounced among preadolescents, blacks, and boys, with
O- 1o ll-}'ear-cﬂd black hn:,-:. $1l|,:|wi.ng i hl:igh:l_ inCrease
of 1.8 em per decade. We ohserved a decrease in the
number of relavively short children (< 10th percentile

of height) and an increase in the number of @il chil-
dren {=90th percentile of helght). Because a secular
trend was not seen among the 13- o 17-yvear-ald chil-
dren, eur findings likely reflect an acceleration of
matuTation.

Conclusions: [ has generally been assumed thar secu-
lar increases in height among schoolchildren in the United
States ceased by the mid-1900s, Our findings, which may
be due to various environmental factors, demonsirate that
care must be taken when using nonconcurrent refer-
ence data to assess the growth of children. Additional
study is needed to determine if these secular wends are
continuing and to exarmine possible explanations and con-
sequences of these rrends.

Arch Pediatr Adolese Med. 2000;154:155-161

Editer’s Hote: 1135 nice to have documentation of increases in
height across I decades. Anyone who walked through doorways
in buildings buil a cenury or more ago “knew” this.

Catherine D, DedAngelis, MD

Secular height trends among youths
in industrialized societies since the mid-
19005 have been less consistent, and ap-
pear to have slowed or stopped in nxamy
developed countries *** Funhermaore, it
is genetrally assumed that height in-

ETWEEM LB amad 1950, the
height of children and adults
in sevetal European coun-

tries increased

10 o, M HRIINE 1 aen-

creases virlally ceased in the United Stales
by the mid-1950s **" and no increases in
the median heights of schoolchildren were
seen between the 19605 and 197077 Re-
cent secullar height increases, however,
have been observed among schoolchil-
drenin Belgivm (1960-19803," Australia
(1970-1983)," the Metherlands {1980-
19893, and England {1972-1990).'7 Al-
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eral, the largest increases in height {up o
1,5 ¢m per decade) were observed amo
10- to 1#=year-old children,}#4@X 100k
Mecting a trend toward earlier matura-
tizn. The interpretation of historical data
for North America is complicated by the
large amount of immigrarion, bucivis likely
that comparable trends occurred.” Al-
though the underlying cause of these secu-
lar height increases ks uncerain,’# sev-
eral explanations have been proposed, with
mast focusing on improved environmen-
12l conditions, nutrition, or health care,

though few details were given, substan-
tial incresses (up o 2.5 cm) in the heighis
of U5 schoolchildren were ahserved' be-
iween surveys conducted from 1976
o 1980 and 1985 1o 1994, Thess recent
Findings suggest that the cessation of height
trends in the United States during the
1950= and 19605 may have been only
[EIJIFL“.'H:I':r'.

Information on secular changes in
heightwould provide information on nu-
tritional status in early life, would helpin
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PARTICIPANTS AND METHODS

5TUDY POPULATION

The Bogalusa Heart Stady is a community-tased swdy of
cardicvascular disease risk Bcwors among schoclchildren
and young adults.” Seven cross-sectional siudies of school-
children, with paricipatlon rates of more duan 80%, were
conducied in ward + (Bogaluss, La} of Washington Par-
ish, brrween 1973 and 19945 most surveys were con-
ducted during a schoe] vk, amd are subsequently desig-
oated by the initlal year of examination. (The 1000
population of Washington Parish, a fairly rypleal, birseial
one third black) commundry i the south, was =43 000.}
| With the exceplion aof the Grst { 1973) stedy, which had an
UppeT age range of 14 years, each cross-sectiomal study ar-
geted all 5- 1o 17-year-old schealchildren in ward 4, Pro-
tocals were approved by appropriate instiwtional review
boards, and infermed consent was obiained from all par-
Licipanis,

O the 24 171 examinations that were conduceed, we
excluded 11 children whose recorded race was other than
white o7 black and 87 children whe were missing either a
weight ar height measurement. Three measurements were
also excluded among children who were examined at age
3 L T years in 1983 and 1984, A weal of 29 070 observa-
Licns [rom the T examinaiions were, therefore, included in
the analyses. The repeated cross-sectional design resulied
in 4812 participants examined 1 time only, 2915 cxam-
ined 2 times, 2082 examined 3 diimes, and 1701 examined
4 oF more limes. Age was caloalated as the dilference be-
twveen the binh and examination dates.

AMTHROPOMETRIC MEASUREMENTS

Usimg & maniial height beard, we measured each child's
height twice to the nearest 0.1 £m, and the average of the
] 2 neasurements was used in the analyses, The reproduc-
Ebiliry of these height measuremenis was assessed ina 109
random sample in each cross-sectional study, with repli-
care measurements made 2 1o 3 hours apant by the same
ohserver, Based om 2518 replicates, the intraclass (within-
observer] correlacion coelficlent for leight was greater than
0.99. The mean absolute difference between the 2

rrae=

measurements was 0.4 cm, and aboon 93% of the replicane
measurements were within | cm of aach siber

Althaugh we focused on manually measured heights,
it is conceivable that a bias (over dme) in these measure-
menls may have inlleenced ihe observed secular mends. We
examined this possibility using data obtained with an au-
tamatic height board; this auzomaric instrument was used
in all surveys excep the 1992 survey, and measurcments
were availahle for 1% 808 subjecs. The Pearson correla-
tion coeflicienn berween the heighes obrained with the
mianal and auiomarke board was greater than 0099, Un-
less atherwise staged, all resalis are based on the mamaal
height measuremenss,

STATISTICAL AMALYSES

Study-specific mean values af keight weres used 1o summa- |
rize the data, with levels adjusted for race, sex, and age dif-
feremces acrass studies m.i:n.g ref_:'{::si.prt .:n:]:,rsr.s. {Ee-
cause 15- to 17-vear-old children were firss examined in
1570, the imitial 2 studies were combined in several anaky-
se5.) Differences in hl'_'if.l'll: trends acrass subgroups were
examined by adding interaction werms w0 Varsus Topres-
sion madels, and passible nonlinearity was assezsed through
the use of pebynomial terms and restricred cuble splines. ™
Because there is an inverse assoclation beoween abesty and
age of sexual maturation,™ several regression models as-
sesged whether the s=cular hrtgjnl; increxses oonld be a-
tributable to increases in obesity,

Secular height increases were also examined graphi-
-|‘:-&|.]|.:|-' using “Jorwis” I:lq'.u:".}' w:iﬂhhn:l 5|_—..||:I=z'|1h:||; smipaitherk
curves, a robust smeothing technique.” These curves were
corsirctid using lixsti-order regression models with a neigh-
borhieed width of 335,

Beanse cerial measurements from an individaal are
i independent, 545 statistical software, version 512
(PROC MIXED: SAS Institute Inc, C.-a.r:r_Hl:.}l was s
COMmpute regressiaon coellicianiz and P valuas, I was xs-
suitsed that the magnitide of the comelaiion berween heighss
decresed with the interval between measuremenis Cag-
loregressive structure ), and robust SEs were caloulaed 1s-
ing a generalized estimating equation {empirical) op- ]
tbon = Iny ag-l‘.‘—itratiﬂaﬂ. a.n.al}'m. oheervations were ireaied
as independent becausz only a small proportion of chil-
dren within an age growp were examined moce than once.

the interpretation of growth standards, and may possi-
bly have implicatlons for the subsequent development
of coronary heart disease and stroke, '™ In contrast o
recent studies of schoolehildren in several European coun-
tries™ ' 7 and among selecled groups in the United
States,™ there are few data for the general population of
U5 schoolchildren. The present study examines changes
in height among 5- to 17-year-old children in Bogalusa,
La, hetween 1973 and 1992,

The distribution of the 24 070 height measurements by
age group and vear of examination is shown in Table 1.
With the exception of 13- 1o 17-vear-old children, whao
were first examined in 1976, there were approximately

20 years beraeen the initial and final snacies; the overall
increase in height during this period was estimated 1o be
.70 com per decade, The largest increase was seen among
O- 1o IE-}'EE.F-G-H. children (=11 cm per decade). ancd sta-
tistically significant inereases in height (=0,30.8 cm per
decade) were also seen in most of the other age prawps.
There was little change, however, in the height of 15- 10
17-year-old children between 1976 and 1992. Although
most of the height increase appeared o occur after L9E1,
regression analyses provided little support (P2 10} for
a fonlinear trend,

Leveral additionmal analyses of the height increases
were then performed. Based on models that accounted
for the nonindependence of serial measurements, the
mean height of the $698 children who were examined
at least 2 times increased by 077 cm per decade (rather
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Table 1. Secular Trepds in Heigh! From 1973 Lo 1992
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Table 2. Secular Trends in Helght From 1973 1o 1992+
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BP0,

than the 0.70 cm per decade shown in Tahle 13, Further-
more, the observed helght increases were slightly larger
(0.8 cm per decade] iF analyses were based on the auto-
matic instrument (n = 19 B08) than on manually mea-
sured heights. Wi also found that the height increases
were mostly independent of the 4-kg increase in weight
that occurred during the swudy period. Controlling for
relative weight or triceps skinfold thickness, for ex-
ample, reduced the overall height increase from 0.70 cm
1o approximately 0.60 cm per decade.

Height trends varied substantially by race and sex
(Table 2). The largest increases were seen among black
boys, with 5- to 8-vear-old and 9- 1o 1 2-year-old bovs
showing increases of 0.9 and 1.8 em per decade, respec-
tively; furthermore, heights in these groups consis-
tently increased in all vears following 1973, Among 9-
t2r 1 2=vear-add children, the increase in the height of black
girls was almost as large as that among black bovs, while
increases among white children were only about half as
large. Mo siatistically significant increase was seen inany
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race-sex group amaeng 13- 1o 17-year-old children. As as-
sessed in regression models, the secular height in-
creases varied significanily (P<_.01 for each interaction)
by age, race, and sex, with age being the mostimporam
cifect modifier,

Smoothed levels of height are shown in the upper
panels of Figure 1 for the combined 1973 and 1976
studles and the 1992 study. In general, the relation of
height to age was fairly linear up to age 13 vears, with
mean heights increasing by 5 to 6 cmify; subsequen:
increases were either slightly smaller (4 cmfv) among
bovs or much smaller (=1 cmy) among girls, Secular
height trends are emphasized in the lower panels, in
which height increases (rather than actual heights) are
shown on the v-axis. Among boys, the secular increase
was kargest ar approximately age 13 years (whites, +2.6
cmi; blacks, +3.5 cm), whereas the increase was largest
among girls between the ages of 10 and 12 years
(whites, +2.0 cm; Blacks, +3.3 cm), These smoothed
curves also suggesied a negative secular trend among
older adolescents, but variows regression models indi-
cated that the decreases among 17-year-old children
were not statistically significant (F=_20).

We then examined (Table 3} if the secular wrends
could be attributed to a decrease in the number of shoret
children (deflined as a height < 10th percentile based on

race-, sex-, and age-specific levels in 1973 and 1976} or
an increase in the number of tall children (height =90tk
percentile). I there had been no secular height trend, 109
of the children examined in 1992 would have been clas-
sified as short, and another 10% as tall; in contrast, 8%
were found o be short, and 15% to be tall. Trends were
most steiking among black bovs, with only 3% of the
youmgest children classilied as 5!1.{.\1;[. and 29% of the 11-
o 12-vear-old children classified as tall. About 25% of
the 9- o 10-year-ald children examined in 1992 had a
height above the S0th percemile.

Warious percentiles of height for 12-year-old boys
are shown in Figure 2 for each of the 7 examinations,
(This sex-age group showed the largest per decade in-
crease in mean height during the swudy, with increases
of 3.0 cm among blacks and 1.2 ¢m among whites,)
Among black boys (lop panel), there was an almost con-
tinuwous increase inall heighn percentiles during the 0.
vear study period, with the 95th percentile increasing by
approximately 10 cm and the lilh percentils increasing
by approximately T em. These changes would have re-
sulted in a height of 136 cm being at the 75th percennile
in 1973 but below the median in 1992, Height trends
among white boys (bottom panel} were less consistent,
weith the fifth ]'.h:n;:nl;i.li: remaining, :I'.:.i:rl}r constant {== 140
cin) and eabeer percentiles increasing by 2 to 3 cm. A height
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Table & Proporicn of Childeen In 1992 Considered bo Be
Shor or Tall Based om Heighls Measured in 1973 to 1977
e — s EE EE——
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of 158 cm among white boys would have been between
the 70th and 80th percentiles in 1973 and 1992,

— T

We found thar the average height of schoolchildren in
Bogalusa lncreased by 0,7 cm per decade betwreen 1973
and 1992, These secular trencds varied b':,r {1} age, with
the largest increases seen among % 10 1 2-vear-ald chil-
dren; {2) race, with larger increases among blacks; and
(3] sex, with lacger increases among bovs. The rela-
uvely large height increase (43,3 cm) scen among 9- o
12-year-old black boys during the study period is simi-
Lar 1o that achieved during 6 months of growth. Secular
rrends were ohserved throughout the entire height dis-
eribution, with an increase in the number af tall chil-
drem and adecrease in the numbser of shot children. The
Lack of a secular trend among 13- 1o 17-vear-old chil-
dren suggests that there has been anincrease in the tempo
of growth {or rate of maneration) rather than in the final
atiained height. Lois known that growth ceases a1 younger
ages than in the early 19007

Between LBOO and 1950, the average heights in sev-
cral western countries increased by approximately 1.5 cm
per decade amoeng children and 2,5 cm per decads among
adoleseens HHmR N Becent secular trends have been
more variahle, with children in some countries shewing
little or no change in height,*** while increases of more
than I cm per decade have been reperted in other
countries (Belgivm, England, the Metherlands, and
Auvsiralia). "7 1 has been assumed that secular trends
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in hE]EhI in the Usnited States had stopped by the mid-
1900s 51 and 1hers was linle, 'il':n:,.'. changc in the h'.'ighE
of children betwesn 1963 and 1975.% The present re-
sulles, however, suggest that a secular trend in height may
be reoccurting, In agreement with this possibilicy, na-
tional data™ indicate that mean heights of US school-
children increased (up to 2.5 cm for some groups} be-
eween 1976 and 1980 (Mational Health and Mutrition
Examinalion Survey 2) and between 1988 and 199+ (Na-
tional Health and Mutrition Examination Survey 31, The
magnitudes of these trends are substantial, but they are
less than the 6 to 7 cm per decade increase seen among
15-year-old children between 1870 and 19557

Many explanations have been suggesued for the secu-
lar height increases that have occurred in developed coun-
trics since 13000 Hypoaheses include changes in the preva-
lence of growth-retarding Hlnesses, Bmily size and child
labor, the nuritdonal coment of dier (particulary pro-
el and -ﬁ|.:i.|.'|l:'|!|]'I hevasingg, personl h_}'gii::nr. health hab-
its, and medical care M- Oyernurrition during in-
fancy may also be important, as formula-Ted infancs have
a reladvely high energy intake and are inwroduwced 1w solid
foods at an carly age * However, the underlying cause of

ARCH PEMATE ADOLESC WP 194, IR 2000
[R5

WA ARCHFEDIATRICS S0

DEMOD American Medical Assoclatbon. All rights reserved.



the historleal seculae rrends * and those observed in the
present study, is uncertain, Although it is possible that
the height increases in the present study were influ-
enced by trends in relative weight,™** the observed height
wrends were largely independent of changes in weight and
wriceps skinfold thickness. Large secular increases in
weight can occur without concomitant increases in
heighe™

Differences in secular trends in height by age have
been observed by many investigators, ™= with the larg-
5l increases rypically oceurring between the ages of 9
and 13 vears. An Increase in the tempo of growth and a
trend toward earlier mraruration® 82T c g prp.
duee this age pamern, as 13.yeac-ald children {for ex-
ample} who were measured recently, but not in the past,
may have experienced a pubertal growth spurt, {The an-
nual height increase during the growth spurt varies greatly,
Tt the median is =7 cm, and increments of 10-12 ¢m
are nol unusual, M FF) The largest helght increases
in the present study accurred at the ages of 10010 12 vears
(girls} and 13 vears (boys), estimates that are clase 1o the
age of the peak height velociny ™1™ (her investi-
gators™**'"* have also reported a larger secular height
increase amnong boys than among pirls, pessibly due 1o
differences in growih spurgs, *HeiT-04

We observed, as did Teoiang and Flegal,"™ a sub-
stantial racial difference: height increases among 9- 10 12-
year-old children wene almost twiloe as large amaong blacks
a5 among whites. Growth and development are strongly
influenced by sovioeconomic conditions Sl 24 4
secular height increases have sometimes varied by so-
clal clags ' Although the characteristics responsthle for
the black-white contrasts in the secular height increages
are uncerain, our findings may be related 1o changes in
differences in health care, participation in breaklast and
lunch programs at schools, or other environmental dif-
lerences. The median heights of black children in Boga-
lusa were slightly greater than those of white children
throughout the entire study period.

The zecular trends that we observed may have ims.
plications for various diseases in adulthood. For ex-
ample, early-mararing adolescents (defined by skeletal
age, age an peak heighn velocity, or menarcheal age) have
been found to have higher relative weights, thicker skin-
folds, and a truncal fat disteibution in later 1ife**™; a young
age at menarche also increases the risk for breast can-
cer.” Although the incidence of cardiovascular disease
is inversely related to adult height,"™* it is not certain il
there is an associalion with the tempo of growih. As em-
phasized by Hauspie et al,*® the maximization of secular
hetghe trends may not always be desirable.

Because secular trends can be confounded by changes
in the composition of the stiedy sample over time due 1w
immigration, sample selection, or demographics,™ it is
likely that analyses performed in a relatively stable com-
munity with a high paricipation rate,” such as Boga-
lusa, may be particularly informarive. Although it is pos-
sible that a selection bias may have occurred, this is
unlikely to have had a major impact as (1) participation
rates were high throwghout the stady peried and (2) re-
sults did not vary substantially by the number of times a
child was examined. Our results are likely to be gener-

alizable o other populations of white and black chil-
dremn in the United States, but we cannot exclude the pos-
sibility that specific environmental changes ocourred in
Bogalusa but mot in ether pans of the nation, The simi-
larity of our resulis, however, to national trends"™™ makes
this unlikely. Few ol the participants in the Bogalusa Heart
Study were Hispanic or Asian, and information on secu-
lar trends in these ethnic groups would be informative.

Alchough the secular height increases were propor-
tionately smaller than the observed trends in being over-
weight,** our results emphasize the imporance of using
comcurrent reference values 1o assess growth, Our find-
ings may also have implications for the use of the Quete-
ler index (calculated as wrighl_ i '|-|:i|ﬂ_g1'n ms divided by
height in meters squared) o identily overweight chil-
dren. Independently of sex and age, there is n moderate
correlation (r = (.25-0.30) berween height and the Quete-
let index, with the association srongest berween the ages
of B and 13 years. Among these children, a 2-cm in-
crease in height is, on average, associated with a 0.4-
kp/m® increase in the Quetelet index; this represents about
207% of the 1.5- 1o 2.0-kg/m? increase that was observed
berween 1973 and 19921 Additional study is needed o
determine if the secular height increases are present in
ather samples, 1o explore reasons for their occurrence,
and to examine their potential impact on obesity and vari-
ous diseases in adulthood.
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