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ABSTRACT
Background: Growth failure remains a persistent challenge in
many countries, and understanding child growth patterns is critical
to the development of appropriate interventions and their evalua-
tion. The interpretation of changes in mean height-for-age z scores
(HAZs) over time to define catch-up growth has been a subject of
debate. Most studies of child growth have been cross-sectional or
have focused on children through age 5 y.
Objective: The aim was to characterize patterns of linear growth
among individuals followed from birth into adulthood.
Design: We compared HAZs and difference in height (cm) from the
WHO reference median at birth, 12 mo, 24 mo, mid-childhood, and
adulthood for 5287 individuals from birth cohorts in Brazil, Guatemala,
India, the Philippines, and South Africa.
Results: Mean HAZs were ,0 at birth in the 3 cohorts with data
and ranged from 20.6 (Brazil) to 22.9 (Guatemala) at age 24 mo.
Between 24 mo and mid-childhood, HAZ values increased by 0.3–
0.5 in South Africa, Guatemala, and the Philippines and were un-
changed in Brazil and India. Between mid-childhood and adulthood,
mean HAZs increased in all cohorts but remained ,0 in adulthood
[mean range: 20.3 (Brazil) to 21.8 (Guatemala and Philippines)].
However, from 24 mo to adulthood, height differences from the
reference median became greater.
Conclusions: From age 2 y to adulthood, mean HAZs increased,
even though height deficits relative to the reference median also
increased. These 2 metrics may result in different interpretations of
the potential for and the impact of catch-up growth in height.
Am J Clin Nutr 2014;100:821–5.

INTRODUCTION

Globally, the prevalence of growth stunting in children
,5 y of age decreased from 40% in 1990 to 26% in 2011 (1).
Much of this improvement can be attributed to major decreases
in the prevalence of stunting in several countries in Asia,
whereas stunting prevalence has stagnated in much of Africa
over the past 2 decades (2). Growth failure still remains a per-
sistent challenge in many low- and middle-income countries,
and understanding child growth patterns is critical to the de-
velopment of appropriate interventions and their evaluation.

However, research on childhood growth patterns has several
limitations. Much of the data on child growth come from cross-
sectional studies rather than longitudinal cohorts, limiting the
inferences that can be made about how children grow over time.

In addition, studies tend to focus on children up to 5 y of age, and
less is known about growth patterns after this age. Furthermore,
the use and interpretation of indicators such as height-for-age
z scores (HAZs) for characterizing growth patterns has been the
subject of debate (3).

We aimed to address these limitations in the child growth
literature by characterizing patterns of linear growth from birth to
adulthood among cohorts in 5 middle-income countries and
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evaluating these data to further understanding of the in-
terpretation of child growth indicators used to define catch-up
growth.

SUBJECTS AND METHODS

We used data from the Consortium of Health-orientated Re-
search in Transitioning Societies (COHORTS), which includes
birth cohorts in 5 middle-income countries: the 1982 Pelotas
Birth Cohort (Brazil), the Institute of Nutrition of Central
America and Panama Nutrition Trial Cohort (Guatemala), the
New Delhi Birth Cohort (India), the Cebu Longitudinal Health
and Nutrition Survey (the Philippines), and the Birth to Twenty
Cohort (South Africa) (4). Each study was reviewed and ap-
proved by an appropriate ethics committee or institutional review
board, and informed consent was provided by the participants or
their caretakers.

The present analysis used length and height data collected
within each cohort with the use of study-specific, but comparable,
methodologies. Some aspects of the length/height data at these
time points were previously published (5, 6). With the exception
of the Guatemala cohort, in all studies supine length was mea-
sured until age 24 mo, and standing height was measured
thereafter. In Guatemala, supine length was measured through the
age of 7 y, and for the purposes of comparability, supine length
was converted to standing height by subtracting 1.0 cm from
lengths obtained at ages 24 mo and older (7). Length (in cm)
measurements were available at birth in India, within 6 d of birth
in the Philippines, and within 15 d of birth in Guatemala. Length
at birth was not measured in South Africa and Brazil.

The studies varied in the timing and frequency of length/height
measurements (details published previously) (5). For the present
analysis, data from common child ages were used, specifically as
follows: birth (India, Philippines, Guatemala), 12 mo (all 5 co-
horts), 24 mo (all 5 cohorts), mid-childhood (48 mo in Brazil,
Guatemala, India, and South Africa and 102 mo in the Philip-
pines), and adulthood (all 5 cohorts). Mean age at the time of the
adult heightmeasurement was 23.1 y inBrazil, 31.3 y inGuatemala,
29.4 y in India, 21.2 y in the Philippines, and 18.2 y in South
Africa.

Length and height measurements were converted to z scores
(HAZs) by using either the 2006 growth standards (0–59 mo)
(8), derived from the longitudinal WHO Multicentre Growth
Study, a population of exclusively or predominantly breastfed
children from 6 countries, or the 2007 WHO reference curves
(5–19 y) (9), which are based on national cross-sectional an-
thropometric data from the US National Center for Health Sta-
tistics for 1977. By using these growth standards, for each time
point we also computed the difference between the individuals’
length/height (cm) and the age- and sex-specific value of the
50th percentile of the reference population (referred to hereafter
as the height difference).

We restricted the analysis to participants who had either
a weight or a length measurement at birth, a length measurement
at 12mo, and a height measurement at 24mo, mid-childhood, and
adulthood (n = 5696). We eliminated from the analysis in-
dividuals with implausible HAZ values, defined as |HAZ| .5 at
any one round (n = 257) or an absolute value of change in HAZ
between rounds .4 (n = 152). After these restrictions, the final
analytic sample was n = 5287.

We computed means for the height difference and HAZ and the
prevalence of stunting (HAZ ,22.0) at each time point, as well
as changes in these measures between time points. We de-
termined the incidence of stunting (the proportion of children
who were not stunted at an earlier time point but who were
stunted at a later time point), as well as the incidence of recovery
(the proportion of children who were stunted at an earlier time
point but who were not stunted at a later time point). We used
the Intercooled STATA 10.0 (StataCorp) statistical program for
all data analyses.

RESULTS

For the 3 cohorts with data, the prevalence of stunting at
birth ranged from 5.8% (Philippines) to 9.4% (India) (Figure 1).
The prevalence of stunting increased through 24 mo [range
of stunting prevalence at 24 mo: 13.2% (Brazil) to 81.2%
(Guatemala)]. The prevalence of stunting decreased from 24 mo
to adulthood [range at adulthood: 3.2% (Brazil) to 41.1% (Philip-
pines)]. The majority of incident stunting had occurred by
age 24 mo (Figure 2); recovery from stunting was highest after
age 24 mo (Figure 3).

For the 3 cohorts with data, mean HAZs at birth were all ,0,
and in all 5 cohorts HAZs decreased through age 24 mo (Table
1). Mean HAZ values at 24 mo ranged from 20.6 (Brazil) to
22.9 (Guatemala). Between 24 mo and mid-childhood, mean
HAZs increased in South Africa, Guatemala, and the Philippines
and were virtually unchanged in Brazil and India. Between mid-
childhood and adulthood, mean HAZs increased [range: 0.2
(Philippines) to 0.8 (India)] but remained ,0 [adult mean HAZ
range: 20.3 (Brazil) to 21.8 (Guatemala and the Philippines)].

As the cohorts aged, the difference between the mean height
and the reference medians became greater (Table 1). At 24 mo,
the mean difference between the children’s heights and the
reference ranged from 21.5 cm (Brazil) to 28.9 (Guatemala).
Between 24 mo and adulthood there was a further increase in
this difference, so that in adulthood the difference ranged from
22.4 cm (Brazil) to 212.6 (Philippines). Thus, from 59%
(Philippines) to 90% (South Africa) of the deficit in adult height
was established by age 24 mo.

DISCUSSION

By using prospectively followed birth cohorts in 5 middle-
income countries, we documented that from age 2 y through
adulthood, mean HAZs increased and the prevalence of stunting
decreased, even though height deficits relative to the reference
median became larger.

Growth is a widely used measure to gauge the quality of
a child’s environment, because growth failure is related to a wide
range of adverse outcomes in later life (10). HAZ values are
frequently used to compare children of the same age and sex in
different locations and over time. An analysis of cross-sectional
data from 54 countries, most of which were low- and middle-
income settings, found that mean HAZ was ,0 at birth and de-
creased sharply until age 24 mo, after which it increased slightly
until 5 y of age (11). These and many other data support a focus
on the first 1000 d of life (conception to 24 mo) for interventions
aimed at improving growth. However, several studies, including
an earlier article that used COHORTS data (5), showed an

822 LUNDEEN ET AL



increase in HAZ from its nadir at 24 mo. Prentice et al (6) used
those data to suggest that there may be periods beyond 24 mo in
which substantial catch-up growth occurs, and interventions could
improve growth. Lundeen et al (12), Crookston et al (13), Fink

and Rockers (14), and Schott et al (15) found similar results for
the Young Lives study in Ethiopia, India, Peru, and Vietnam.

The interpretation of within-child changes in mean HAZ over
time, particularly in reference to catch-up growth, has been the

FIGURE 2. Incidence of stunting among children in 5 birth cohorts in middle-income countries: Consortium of Health-orientated Research in Transitioning
Societies. The incidence of stunting is the proportion of children who were not stunted at an earlier survey round but who were stunted at a later survey round
(stunting is defined as height-for-age z score ,22.0). *Height data at birth were not available for Brazil and South Africa. Mid-C, mid-childhood.

FIGURE 1. Prevalence of stunting among children in 5 birth cohorts in middle-income countries: Consortium of Health-orientated Research in Transition-
ing Societies. Stunting is defined as height-for-age z score ,22.0. Mid-C, mid-childhood.
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subject of debate (3, 16). Leroy et al (3) argued that the in-
terpretation of Prentice et al (6) is incorrect and that the increase
inmeanHAZ after 24mo does not represent true catch-up growth in
terms of height deficits but instead is a result of the method for
calculating z scores. Our data support Leroy et al’s argument. We
showed that increases in HAZ can coexist with further accumu-
lation of deficits in height relative to the reference medians. The
arithmetic explanation for this apparent paradox can be found
in the calculation of HAZ as the difference between the child’s
measured length and that of the reference child of the same age
and sex, divided by the SD of the age- and sex-specific reference
distribution. The SDs of the reference distribution vary by age
and are (for males) 1.89 cm at birth, 2.38 at 12 mo, 3.06 at 24
mo, 4.19 at 48 mo, and 7.30 in adulthood (8, 9). A similar
pattern holds for females. Thus, for a constant absolute differ-
ence in height from the reference, HAZ will attenuate as the SD
increases. This same calculation also explains at least part of the
decreases in prevalence of stunting, which is defined as HAZ
,22.0. As HAZ increases, the prevalence of stunting will de-
crease, even without any true recovery of the heights of the
individuals being measured.

A limitation of these data is possible sample selection bias
resulting from attrition within the cohorts. To be included in the
analytic sample, participants had to have a weight or length
measurement at birth and length or height measurements at all
subsequent time periods. Among the 5 cohorts, Brazil and South
Africa had relatively higher attrition of participants. However, an
analysis of HAZ patterns in the cross-sectional data showed that

they were parallel to the patterns seen among those for whom we
have complete longitudinal data, making selection bias unlikely.

Our findings argue for careful interpretation of the metrics
used for defining catch-up growth in height in populations in
whom growth failure is still the norm. Choosing HAZs or ab-
solute height differences from the median as alternative metrics
may result in opposite conclusions about the existence of catch-
up growth from birth to adulthood. We suggest that height deficit
should always be included in the evaluation, because the
mathematical properties of HAZ over time will, by nature, result
in a more optimistic assessment of catch-up growth.

In addition, the 2 measurements may differ in their value for
evaluating associations between child growth and long-term
health and development outcomes. For any given age, HAZ is
a linear transformation of the height deficit from the reference
median, and thus it is perfectly correlated and equivalent in its
predictive value at that time point. However, changes in HAZs
and height deficits over time are not necessarily perfectly cor-
related, and therefore these 2 measurements may differ in their
ability to predict long-term outcomes. An important area for
future research is determining which metric, changes in HAZ or
changes in height deficit over time, is better at predicting different
outcomes. We are aware of no such research.

The majority of the deficit in adult height, from 59% in the
Philippines to 90% in South Africa, accrues by 24 mo. Taken
together with evidence on the importance of early growth for
cognitive development in particular and adult human capital in
general (17), we strongly endorse a continued focus on the “first

FIGURE 3. Incidence of recovery among children in 5 birth cohorts in middle-income countries: Consortium of Health-orientated Research in Transition-
ing Societies. The incidence of recovery is the proportion of children who were stunted at an earlier survey round but who were not stunted at a later survey
round (stunting is defined as height-for-age z score,22.0). *Height data at birth were not available for Brazil and South Africa; the incidence of recovery was
0.0% in Guatemala. Mid-C, mid-childhood.
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1000 days” as a critical window for interventions to promote
human capital over the life course.
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TABLE 1

Measurements of linear growth at selected ages in 5 cohorts from middle-

income countries: COHORTS1

n Height

Height-for-age z

score

Height deficit

from reference2

cm cm

Brazil

Birth — — — —

12 mo 966 73.0 6 3.3 20.4 6 1.2 20.3 6 2.9

24 mo 966 84.6 6 3.8 20.6 6 1.2 21.5 6 3.7

Mid-childhood 966 100.0 6 4.7 20.6 6 1.1 22.2 6 4.5

Adulthood 966 167.5 6 8.6 20.3 6 0.9 22.4 6 6.1

Guatemala

Birth 197 49.3 6 2.2 20.1 6 1.1 20.2 6 2.1

12 mo 266 69.1 6 2.5 22.3 6 0.9 25.6 6 2.4

24 mo 266 78.1 6 3.0 22.9 6 0.9 28.9 6 2.9

Mid-childhood 266 93.4 6 3.7 22.4 6 0.9 29.6 6 3.6

Adulthood 266 157.6 6 8.2 21.8 6 0.8 212.3 6 5.5

India

Birth 1059 48.4 6 2.1 20.6 6 1.1 21.2 6 2.0

12 mo 1070 71.3 6 2.8 21.5 6 1.1 23.7 6 2.7

24 mo 1070 80.6 6 3.5 21.9 6 1.1 26.6 6 3.4

Mid-childhood 1070 94.9 6 4.1 21.9 6 1.0 28.1 6 4.1

Adulthood 1070 163.5 6 9.2 21.1 6 0.9 27.4 6 5.9

Philippines

Birth 1806 49.1 6 2.0 20.2 6 1.0 20.4 6 2.0

12 mo 1806 71.0 6 2.7 21.6 6 1.1 23.6 6 2.6

24 mo 1806 79.5 6 3.3 22.5 6 1.0 27.4 6 3.2

Mid-childhood 1806 117.9 6 5.3 22.0 6 0.9 211.7 6 5.3

Adulthood 1806 157.7 6 8.2 21.8 6 0.8 212.6 6 5.6

South Africa

Birth — — — —

12 mo 1179 73.4 6 2.9 20.6 6 1.1 21.1 6 2.8

24 mo 1179 83.2 6 3.2 21.2 6 1.0 23.8 6 3.1

Mid-childhood 1179 99.0 6 4.0 20.9 6 0.9 23.6 6 3.9

Adulthood 1179 165.0 6 8.7 20.6 6 0.9 24.2 6 6.5

1Values are means6 SDs unless otherwise indicated. Mid-childhood is

defined as 48 mo for all countries except for the Philippines, where it is

defined as 102 mo. COHORTS, Consortium of Health-orientated Research in

Transitioning Societies.
2The reference is the 50th percentile (median) for age- and sex-specific

height (cm) based on the WHO growth standards; each individual’s height

difference from the reference was calculated, and then the mean difference

was determined for each country and time point.
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