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Abstract

Yecular trends in the stature and head circumference
of adults born between 1905 and 1959 and in the
length of three-vear-old children born between 1965
and 1985 from four villages of eastern Guatermala are
analysed, Data were collected before (1968), during
(1969-1977), and afier (1988) a longitudinal protein-
energy supplementation trial conducted in the four vil-
lages. No secular trends are observed in the age-
adjusted height or the head circumference of the
adulls studied; similar results are obtained whether a
longitudingl or a cross-sectional method is used fo
correct height for the effects of ageing. A positive and
significant linear trend is observed in the length of the
three-year-olds, The estimated increase of 2.5-3.3 em
seen aver this 20-year period represents only approx-
imately 27% of the total deficit in length seen in these
children in 1968 (11 cm). _

Introduction

A secular trend of increasing stature in adults has
been observed in developed countries over the last
century [1, 2]. This increase in height has been attrib-
uted to general improvements in Socio-econGmic
conditions, environmental sanitation, and health care
associated with industrialization which have led to
improved nutrition and decreased morbidity. Very
little is known, however, about trends in the stature
of adults in the developing world, where poverty and
insalubrious conditions remain highly prevalent. Stu-
dics in poor populations of Colombia [3], Mexico [4,
5], and Brazil [6] have documented the absence of
a secular trend an adults’ height, As noted by the
authars, this result could be expected since these
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populations have experienced little change in sanit-
ary facilities, dietary patterns, and the availability of
health care over the last century [4].

The present study examines whether there is a
secular trend in the height and head circumference of
adults from four rural villages of Guatemala born
between 1905 and 1959, The availability of anthro-
pometric data on the same individuals measured on
Iwo occasions, with an interval of approximately 14
years, allowed us to estimate the height loss associ-
ated with ageing in this population and to correct for
it in the analysis of secular trends. Various methods
and correcting factors have been proposed to adjust
for this well-documented phenomenon [3, 7-10], but
the general consensus is that population-specific cor-
rection. factors should be used when possible because
of large vanability between populations both in the
importance of the shrinkage and in its timing, In this
study, therefore, we used a longitudinal method to
partition the effects of age-associated height reduc-
tion from those of secular trends. We also compared
this method with a commonly used cross-sectional
method based on the association between stature and
subischial height [3]. Finally, we assessed the exis-
tence of a secular trend in the length of three-year-
old children born between 1965 and 1985,

Methods

The data were collected by the Institute of Nutrition
of Central America and Panama (INCAP) before,
during, and after s longitudinal supplementation trial
conducted in the four willages. During the inter-
vention, twa villages were randomly assigned to re-
ceive a high-energy, high-protein drink (arede) and
the other two were assipned to a bow-energy, non-
protem drink { freseo). The suppiements were made
avallable at 4 central location for all pregnant and
lactating women and all children vounger than seven
vears, Health services were provided in all four wil
liges throughout the supplementation perwod [ 1969 -
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1977). In 1988-1989 INCAF carried out a follow-up
study of the participants. .

Two cross-sectional surveys were also conducted
in the sare villages. One took place in 1968, before
the intervention trial, and the sccond in 1988-1989
{referred to, for simplicity, as the 1988 survey), 11
years after the intervention was terminated. Data
from the two surveys and from the longitudinal trial
were used for the present analysis. Only relevant in-
formation about these data sets and about the analy-
tical methodology used are presented here. The
reader 1s referred 10 other publications for a detailed
deseription of the design of the onginal study and
data-collection procedures [E], 12].

Socular trends in adulis
Height

Two methods were used 1o assess the existence of a
secular trend in the height of adults (specifically, par-
ents of participants of the longitudinal study, 1969-
1977) born between 1905 and 1939, controlling for
the effect of ageing (age-associated shrinkage). The
first method took advantage of the availability of two
measurements at approximately a l4-year interval
on 498 adults, the first of which was taken during the
supplementation trial (in 1974 £1 year) and the
second during the 1988 survey. The second method,
commaonly used in cross-sectional studies, i5 based on
the high correlation between subischial height {the
difference between stature and sitting height) and
stature [3]. The rationale behind this method is that
the length of certain long bones is highly correlated
with stature and is influenced by secular trends but
net by ape-associated-shrinkage. For instance, sta-
ture and sitting height are assumed to reflect the
effects of both ageing and secular trend, whereas
subischial height reflects only the effects of secular
trends [13]. This second method was used to com-
pare the results obtained using longitudinal informa-
tion with those derived from a cross-sectional data
set. The availability of longitudinal information on
the sitting height of women also allowed us to test
whether the assumption of stability in subischial
height throughout ageing was verified in this sample,
The longitudinal method involved four steps. First,
the difference in height per decade was calculated for
cactisubject using the following formula

heaght o om
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Second, the mean cliznge in hewght {omddecade f woas
computed for cach Heyear age gproup, based vn the

ape of the subjecls m 1988, Thied, the mean changes

per decade were used cumulatively to adjust each
adult’s height for the effects of ageing. For instance,
if an adult was 51 years of age in 1988, the height
was adjusted for “the measured mean change per
decade observed in this sample for adults between
30 and 40 years plus the mean change per decade
observed between 40 and 50 years. (It was assumed
that height reduction did not occur before ape 30
{3).) Finally, age-adjusted heights were regressed on
the year of birth, to assess the existence of a secular
trend. All analyses were done separately for cach
sex. (Data for subjects born before 1930 are pre-
sented for men but not for women, because only par-
ents of preschool children were measured in 196%9-
1977 and few mothers were born before 1930 where-
as the age range for fathers was much broader, )

The 1988 data were used for the cross-sectional
methaod, which consists of computing the partial Te-
gression coefficient of stature on age, controlling for
subischial length [3]. The equation is as follows:

height = by + b (age)
+ ba(subischial length)

(2)
The coefficient for age (b;) is interpreted as being the
rate of shrinkage per year (apeing effect), and
g used in the following step to compute the age-
adjusted height for cach individual, vsing the follow-
ing equation:

age-adjusted height

= pbserved height + b (age — 30) {3)

where by is the coefficient for age obtained in equa-
tion 2. Since shrinkage is assumed not to occur be-
fare the age of 20 [3], the age used in the equation is
the difference between the actual age and 30 years,
As in the case of the previous method, the age-
adjusted height was regressed against the year of
birth to test for the secular trend effect.

Head circumference

MMeasurements of head crcumference from the LYES
survey were regressed on the year of birth, by sex, to
assess the existence of a secular trend in adults born
between 1905 and 19559,

Secular trend in the length of three-year-olds

Information from the three data sets was used for
this analysis, The two cross-sectional surveys were
used o estimate length at theee years of age in 969
and 1988 vespectively, using regrossion analysis. Lon-
griudinal data collected throughout the supplementa-
non peried (1969-1977) were used to compute the
mean length of three-year-olds (L7 days) for cach
twa-year period (from 1969 o 176) and for 1977
The method used to cstimate length al three years
i agpe from: the cross-sectional dam consisted af re-
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gressing the length of all children 9-60 months old
against -age and age squared, and using the regres-
sion coefficients obtained to estimate length at 36
months. Separate regressions were done for cach
year (1968 and 1988) and treatment group (atole and
fresco). The interaction between sex and treatment
was not statistically significant and therefore the
analyses were donce with both sexes comlbined.

The analysis of a secular trénd in the chuldren was
complicated by two aspects related o the nature of
the data available. First, because of the use of both
estimated and observed length values, the assump-
tton of equal variance could not be made. Second,
because of unequal spacing between measurements,
coeflicients commonly used to estimate linear and
quadratic trends could not be used [14],

The first problem was addressed by caleulating
separate estimates of variance for the longitudinal
and cross-sectional data. For the longitudinal data,
analysis of wvariance was used to estimate the
variance of a model that included treatment (fresco,
atole) and cohort (data collection years), and the
two-way interaction termi between these variables,
The variance estimate obtained was 15.30. For the
cross-sectional data, separate regressions of length
on age were done for each treatment and data-
collection period (1968, 1988). The vanance esti-
mates obtained ranged between 13,97 (fresco, 1968)
and 19.78 {atole, 1988).

The problem of unequal spacing between measure-
ments was addressed by using the method proposed
by Robson [13] to construct special poelynomials for
uncqually spaced data. The formulac used for the
estimation of contrasts (L) and their varnance (1)
are presented in the appendix {p. 252), which also
shows an example of the methodology used. Two
sets of confidence intervals were calculated for ali

contrasts, one using the smallest variance obtained
(13.97) and one using the largest one (19.78). Since
the results were similar in terms of the statistical
sigmficance of the variows contrasts, only those using
the largest variance estimate are presented. All
analys=s were done using the micro-computer ver-
sion of SAS, release 6.03. Probability values smaller

than or equal to .05 were considered statisticatly sig-
nificant.

Results

Secular trends in adults
Height

The comparison of adults’ heights measured at two
different times (1974 +1 vear and 1988 shows a de-
crease in height during this interval, beginning be-
tween the ages of 41 and 50 years in men and be-
tween 31 and 40 years for women (table 1). As seen
in figure 1, the mean reduction over 10 years in-
creased with age but in a non-linear fashion: 1n men,
for instance, the reduction was approximately 0.5 em
per decade between the ages of 41 and O but was
about three times larper dunng the next two decades
{—1.38 between 51 and 60 years and —1.60 between
61 and 70}, As expected, linear regression analvsis of
height change on age provided a poor fit of the data,
and the usual linearizing transformations (logarith-
mic and exponential) did not improve the fit.

The age-specific estimates of height chanpes per
decade were uwsed cumulatively to correct the 1985
heights for the effects of ageing. The correction fac-
tors used for each age group and sex are presented in
table 2. The age-adjusted heights were then re-
gressed against yvear of birth to éxamine the presence

TAEBLE 1" Unadjusted and ape-adjusted hesphts of adulis (cenumetres) by ape proup and sex
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,ecular trends an the heights of men and women
Cpectively, Figure 2 presents the  ape-adjusted
wights by birth cohort and clearly shows the absence
. umnge over time for both sexes. The regression
ilvas confirmed that birth year was not a signif-
it determinant of age-adjusted height in adults,
Vb eressesectional method using subischial height
provided  age-adjusted  heights very similar to
vt thtamed by the longitudinal method. FThe Te-
e a] age-adjosted heights on birth vear also
Covenstraregd the ahsence of seoular trends between
P98, Fhe for the
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assumption that the shrinkage associated with ageing
originated mainly from the upper portion of the body
was thus vernified in this sample.

Head circemference

-

Figure 3 shows the absence of any secular trend in
aduits’ head circumierence {confirmed by the regres-
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TABLE 3 Length of threeoyear-old Guatemalan children (cen-
timctres) by treatment aond year of data collection

Atole Fresco
N Mean sD N bean S
1965 194 g5.14 179 54,70
1969-70 "2 #3553 3.69 T8 2482 4_50)
1971 -72 10K B 58 517 101 24,63 402

1973-74 | 117
1975-2% | 117

26.04 3.36 10 B4 .44 3.94°

BOLEG 3,83 101 B4 60 LT
197 | 33 | 8635 | 354 39 | 8523 | 3.6
19 5s ] 344 57 .62 363 8745

a. The means in 1968 and 1988 weee estimated by repressing the length of chil-
deen -6 months old oo age and age squared, using ordinary least squares.

Separate repressions wers dons for each year (E998 and 1938 and tecatment
proup fatole and fresco),

*Differences between the stole and fresce groups statistically significant at the
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BBF D
1 ¥,
.--_-_'_F'--
—. a7 ! e T
t' -\_\""--\_._‘_.,.:--"- o
= s
£ EBg .
= i
g - i
- 15 L O/O @ atale
D._———C'—h—__c____ L o fresco
e
Bar
I i i 1 i e i
1968 1949 1971- 1573- 1975 1977 1958
1970 %72 1974 1974
Birth year

FIG. 4, Secular trends in the length of three-year-old children, by supplement type

(The estimates and conlidéence-interval limi
used to test secular trends were as follows,

ts of the linear amd guadratic contrasts
Atole: linear, LS = 0.61 [1.24, 2.46);

quadratic, —0.54 & 098 [-1.52, 0.44]. Fresco: linear, 291 + (L6l (2,10, 3.32);

quadratic, 1.33 = 0.99 [0.34, 2.32].)

sion analysis of head circumferénce on birth year).
This corroborates the absence of a secular trend in
height found in this population,

Secular trend in the length of three-year-olds

A positive and statistically sigmificant linesr trend in
the length of three-vear-olds between 1968 and 1988
was observed for both treatment groups (table 3 and
fig. 4. In the [resco group, the guadratic term was
alsa statistically sigmlicant, which corresponds to the
shight decrease in length observed between 1969 and
1974, followed by a positive linear trend thereafler.
In addinon, during the supplementation years (1969-
1977) the length of children from the atale villages
was consistently preater than that of children from
the fresco villages, and ths rend disappeared after

the supplementation period. [n fact, the differences
were seen only during the supplementation years,
and they were not statistically sigmificant at baseline
(1968) and in 1988, (The difference between treat-
ments was tested by including treatment in a regres-
sion model of length on age and age squared. Treat-
ment was not statistically significant in either 1968 or
L388.)
Overall, the length of three-year-olds increased by

2.5 om {awle) and 3.3 em {fresco) in the 20-year
period.

Discussion

The present analysis of seculur trends covers two
different populstions and tene periods: adults born
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between 1905 and 193%.and three-year-old children
born between 1965 and 1985, In the adults, no secu-
lar trend was observed for either age-adjusted height
or head circumfersnce, whéreas for children’s length
a significant positive trend was seen in the four vil-
lages studicd, There were no reasons to expect simi-
lar trends for adults and children, not only because
the time peniods covered were different but alse
because the children were measured during an in-
terventicon trial that was intended to affect their
growth, Therefore, the remainder of the discussion
proceeds separately for adults and children,

Secular trends in adult height and head
circumference

The availability of two measurements of adults’
height with an approximate interval of 14 years
allowed us to estimate the age- and population-
specific effect of ageing on height reduction. The im-
portance of using an age-specific correction factor
was highlighted by the fact that reduction in stature
was not linearly associated with age, particularly in
men. Previous studies have documented a similar
non-linear relationship [7, 10]. Despite this, in the
absence of longitudinal information, most studies of
secular trends use cross-sectional data and a correc-
non factor that assumes a linear relationship between
shrinkage and ageing.

Our study also illustrates the importance of using a
population-specific correction factor, since both the
magnitude and the timing of the age-associated
shrinkage in our population differed from previous
reports. In men, the magnitude of the cumulative
ageing effect on height reduction was higher than
that in previous longitudinal studies, We estimated a
cumulative reduction of approximately 4 cm between
0 and 70 years of age, which was slightly higher
than previously documented levels of 3.6 em [7], 3
crn [10], and 2.8 ¢cm [16]. In our sample of women,
the height reduction aceurred carfier (before the are
of 40 and was of larger magnitude (3.44 cm between
b and 30 vears) than previously reported. Other
studies have found the reduction starting only m
the carly lifties |10] and bemng approximately 1 cm
by 50 yvears of age [7]. Differences in the timing and
magnitude of the height reduction have been re-
lited to population differences in ymtial height,
socio-ceonomic factors, bone mineralization,  and
osteaporosis and vertebral fraciures (8, 17, 18], Low
:"-f.\-'Ci.i.)"L‘-'Cﬁ['I(.HIH.L' stalus, [HE20E ]](]!'!L‘ munerisl slatus, J.L[Id
i high frequency of ostecoporosis and fractures and
heformities caused by hard phyvsical work are poton-
tal explanations for the hepher and earher statare -
chuction in our Crustemalan siwmple, parhcutarly e
W

Che comparison ot our Jomaiodina! mesthod with

the cross-sectional method commaonly used to correct
for age-associated height reduction provided surpris-
ingly similar results; the age-adjusted means were
very comparable, and both methods agreed in show-
ing the absence of a secular trend in the four villages.
These results are encouraping, suggesting that little
or no bias is introduced by using the cross-sectional
method based on the assumption of a linear rela-
tonship between stature loss and ageing, even
though the assumption is incorrect. Considering
the scarcity of available longitudinal data sets for
the analysis of secular trends, it s useful to know
that cross-sectional data sets can be used with some
confidence., -

Another assumption of the cross-sectional method
that could be tested in the women of the present
study was the absence of reduction in subischial
height associated with ageing (absence of shrinkage
of the lower portion of the body)., Only a minimal
decrease was observed, on the order of approximate-
Iy 0.05 em per decade, and it was independent of
age. This difference could be attnbutable to a sys-
tematic mcasurement bias in the 1988 data collec-
tion, since a single anthropometrist took all the
measurements then, whereas a team was used for the
1974 measurements. If this was the case, systematic
bias could cause an overestimation of the shrinkage
clffect on total height of approximately 0.05 em per
decade for each age group, which would cumulate to
an overestimate of 0.15 em for the older subjects (51
years old or over). The magnitude of this effect is
small and represents only about 4% of the estimated
cumulative shrinkage experienced by women in this
age group.

This analysis could not be done for men because of
the unavailability of sitting height information for
1974, However, the slight increase in height (0.05 cm
per decade) observed between 20 and 30 years of age
suggests that systematic underestimation of height in
1988 did not occur. In this survey, men and women
were measured by a different anthropometrnist. It is
thus possible that the individual assigned to women
systematically underestimated height, whereas the
one assigned to men did not, If such a bias existed,
however, 1ts overall impact would be negligible, as
discussed above. Nevertheless, 1t would have been
interesting to examine shrinkage of the lower part of
the body in our sample of men since a previous study
tof men only) did document that some shrinkage
occurred between the ages of 25 and 82 wears; and
that the amount increased with age unil the age of
75 [16].

The absence of scoular tremds in adult stature be-
pween 1905 and FYAY wos oy documented for other
developing countries [4-f) Althouph some improve-
ments in global health and nuniton mdicators oc-

curred o Cruatermada duime this perodd, ey -
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ments in environmental sanitation, health care, and
food sccurity at the household level appear to have
been insufficient to produce an increase in adult
stature over time,

In summary, our results suggest that all of the
apparent increase in adults’ height between 1905 and
1950 was due to an apeing effect rather than a secular
trend. The findings were similar whether a longitu-
dinal or a cross-sectional approach was used to cor-
rect height for the effects of ageing. The absence of a
secular trend in head circumference corioborates the
results obtained for height.

Secular trend in the length of three-year-olds

For three-year-olds born between 1965 and 1985, a
positive and significant linear trend in length was
observed. Interestingly, no differences were seen
between children from the atole and fresco villages
before the intervention and 12 years after its termi-
nation, but clear diffsrences in favour of the atole
villages were found throughout the supplementation
period. This suggests that the higher rate of length
increase seen between 1969 and 1977 in the atole vil-
lages was caused by the intervention. Because of the
absence of data between 1977 and 1988, however, it
is impossible to quantify the rate at which the decel-
eration in the changes in length oceurred in the atole
villages after the supplementation ended.

Interpretation of the results on secular trénds in
children was complicated by the absence of data on
control villages or on the region as a whole. Such in-
formation would be helpful to determine whether the
trend seen in the fresco villages durning the interven-
tion period (specifically between 1973 and 1977) was
due to the health services offered by INCAF in all
villages or whether it reflected overall improvements
in standards of living in the region. It would also
facilitate the interpretation of the positive trend seen
after the intervention trial. Although it 15 more likely
that the trends observed during this period are attn-
butable to overall improvements in schooling, infra-
structure, and availability of services in the villages
[19], a possible long-term effect of INCAP’s presence
cannot be ruled out. Quantification of this effect 15
impossible in the absence of information on other
villages from the region,

Overall, the estimated increass in the length of
three-year-olds over the 20-year period ranged be-
tween 2.5 and 3.3 cm. This improvement represents
only approximately 27% of the total defict v length
(41 cm) seen in these children in 1904, compared
with the fifticth percentile of the reference standards
[20]. Effects of this magnitude were abtaingd al the

community kevel with a calorie supplementation of

approximately 10% of the recommendel daily intake
[21] provided dusing the hirst three Years of 1ife

Appendix: Calculation of linear and
quadratic contrasts

The following formulae were used to calculate the
contrasts (L) and their variance (V) and confidence
intervals (CI) [22] used in estimating secular trends

in the length of the three-year-old Guatemalan chil-
dren studied:

I = E{:]'X-j
V =[Zcfinds?
Cl= f"‘-"r{‘E?’EI.’."'Eu'I.'if}

whire

¢ = coefficients (sece below)

X = mean length at three years of age
n =sample size

i = time of measurement (= 7)

52 = estimated variance

The coefficients were obtained by the method
proposed by Robson [15] for the construction of
polynomials for unequally spaced data (table Al).

As an example of the use of the methodology, we
show the calculation of the linear contrast and its
confidence interval for the atole group. Table A2

TABLE Al Cosfficicnts for hinear and quadratic
contrasts

[ Cosificients
Spacing Linear Juadratic
1068 0 -(3.43 +01.,56
1969-T0 2 —0.31 +0.20
1971-72 4 —(k1% —0.07
197374 & H -1, (K —}. 25
1975-74 3 +0.0% —i).41
1977 ] +i1.12 —{1.44
L9EH M #1181 + 044

TABLE AZ. Calculation of %e X, and Lelin,

o oin,
1965 8514 = —0.435801 -1 435K 159G
196970 B5 53 x —~0.311286 0313482
L B 58w =0 1BGTTR — I 186E3 1TH)
197374 BG K « —0L002257T — . 0622217
i L9TA-Th B0RG = +0G22ET D06e2240117
14T 2655 % +0, 124515 11245435
| EE - B4 AT 6T +0RFES 0L 809530344
S ; =
¥ 1,85 (iniay
] = -

Wi

A
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gives the calculation of the summations 2c.X; and
Lering . From this:

Fo= Xe X =185
Then, using 57 = 19.78,

V= {[Zeftm st =10.007
and

=061

Thus, the contrast = 1,85 2 0,61 (1,24, 2.46).
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