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The longitudinal relationship between stunting and wasting in children is poorly characterized. Instances of wasting or poor
weight gain may precede linear growth retardation. We analyzed longitudinal anthropometric data for 1599 children from 8
cohort studies to determine the effect of wasting [weight-for-length Z-score (WLZ) , 22] and variability in WLZ in the first
17 mo on length-for-age Z-score (LAZ) at 18–24 mo of age. In addition, we considered the effects of change in WLZ during
the previous 6-mo period on length at 18 and 24 mo. Wasting at 6–11 or 12–17 mo was associated with decreased LAZ;
however, children who experienced wasting only at 0–5 mo did not suffer any long-term growth deficits compared with
children with no wasting during any period. Children with greater WLZ variability ($0.5 SD) in the first 17 mo of life were
shorter [LAZ = 20.51 SD (95% CI: 20.67, 20.36 SD)] at 18–24 mo of age than children with WLZ variability ,0.5. Change
in WLZ in the previous 6-mo period was directly associated with greater attained length at 18 mo [0.33 cm (95% CI: 0.11,
0.54 cm)] and 24 mo [0.72 cm (95% CI: 0.52, 0.92 cm)]. Children with wasting, highly variable WLZ, or negative changes in
WLZ are at a higher risk for linear growth retardation, although instances of wasting may not be the primary cause of
stunting in developing countries. J. Nutr. 142: 1291–1296, 2012.

Introduction
Childhood undernutrition, in the form of stunting, wasting, or
intrauterine growth restriction, is an important contributing factor to
the high levels of childhood illness and death in developing countries.
Undernutrition is an underlying cause of ~2.2 million child deaths
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and 21% of disability-adjusted life years lost, and .178 million
children are stunted in developing countries (1). Therefore, decreasing child undernutrition is an important step in achieving the
Millennium Development Goals (2). In addition, the long-term
effects of childhood undernutrition include lower attained schooling,
decreased economic potential, and chronic illness in adulthood (3–5).
Undernutrition results most commonly from limited quality
or quantity of food, suboptimal feeding practices, and high rates
of infectious diseases (6,7). Wasting is usually considered to be
a short-term (i.e., acute) response to inadequate intake or an
infectious disease episode, whereas stunting is considered to be
a longer-term response to a sustained poor dietary intake or
repeated illnesses. If linear growth slows over the short term,
catch-up growth may occur once the infection is resolved or if
diet improves (8–10). However, in many resource-poor settings
of low- and middle-income countries, dietary intake is consistently inadequate and infectious diseases are common, impeding
the process of catch-up growth and potentially resulting in many
stunted children.
Associations between stunting and wasting in children are
not consistently found in analyses using cross-sectional data
(11–14), likely because wasting is a short-term and potentially
seasonal phenomenon resulting from a recent insult (infection or
food insecurity), whereas stunting results from a longer term
multifactorial process of undernutrition. In addition, wasting
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Abstract

may precede linear growth retardation (15); therefore, crosssectional data may not demonstrate a concurrent relationship.
Using a large longitudinal dataset, we sought to explore the
longitudinal relationship between stunting and wasting. Specifically, we determined if the history of wasting instances is related
to stunting at 18–24 mo of age. By increasing our understanding
of these relationships, we can develop better interventions that
will improve child health and survival in developing countries.

Participants and Methods
Participants. We used anthropometric data from 8 longitudinal studies
obtained from a network of collaborators, 6 that were compiled previously
for an analysis of growth and diarrhea (16–22) plus 2 newly added studies
(23,24) (Table 1). The studies were longitudinal cohorts that were
conducted over a period of 2 decades and were performed in Africa, Asia,
and Latin America.

Definitions. We defined stunting as LAZ , 22 and wasting as WLZ ,
22. We used the WHO Multicentre Growth Reference Study (MGRS)
programs to obtain Z-scores for this analysis (25). Length values that
were highly inconsistent (.2.5 cm) with both the previous and following
length measurements were not included, because a loss in length of
2.5 cm from one measurement to the next is likely the result of measurement or documentation error. We calculated the individual child’s
variability in WLZ in the first 17 mo using the standard deviation
formula
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ !
n

+1 ðXi 2XÞ
SD ¼
N
and categorized that variability either as ,0.5 or $0.5 WLZ SD. High
WLZ variability may indicate periodic dietary insufficiency or illness,
likely due to seasonality in agriculture or infectious diseases.
Biostatistical methods. Correlation coefficients were calculated for the
concurrent comparison of WLZ and LAZ. The proportion stunted at
18–24 mo was calculated by dividing the number of stunted children by
the number of children retained in the dataset, using the last measurement for each child (between 18 and 24 mo). The proportion ever wasted
at 0–17 mo was calculated as the number of children with any wasting
prior to 18 mo of age divided by the number of children retained in the

TABLE 1

Dates
1985–1987
1989–1991
1995–1998
1989–2000
1987–1990
1996–1998
1993–1996
2002–2006
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Results
Descriptive statistics
We included 1604 children with 27,117 measurements in our
primary analysis (Table 2). Children were measured at least once
every 3 mo and some studies measured children monthly. The
percent of children with any wasting prior to 18 mo of age
ranged from 3 to 59% across studies, and the percent that were
stunted at 18–24 mo of age ranged from 21 to 68%. Considering
the individual-level data as cross-sectional, the correlation
between LAZ and WLZ increased with age (Fig. 1). Prevalence
of stunting at 18–24 mo was correlated with history of wasting
at the country level (r = 0.94; P , 0.001) (Fig. 2).
Wasting and stunting as acute or chronic conditions.
Wasting is commonly thought to be a short-term condition,
whereas stunting is thought to be a chronic condition. To
confirm these assumptions, we calculated the percent of measurements that were determined to be wasted or stunted for each
child. Persistent stunting was far more common than was persistent wasting. Twenty-five percent of children were found to
be stunted in .50% of their measurements, whereas only 2% of
children were found to be wasted in .50% of their measure-

General description of studies included in the combined dataset including anthropometry data
collected in children ,24 mo of age
Setting (reference)

Design

Purpose

Lima, Peru (urban) (19)
Lima, Peru (urban) (20)
Lima, Peru (urban) (21)
Goncalves, Brazil (urban) (17)
Bandim, Guinea-Bissau (urban) (22)
Bandim, Guinea-Bissau (urban) (18)
Mirzapur, Bangladesh (rural) (24)
Vellore, India (urban) (23)

Observational
Observational
Observational
Observational
Observational
Randomized trial
Observational
Observational

Effects of diarrhea on growth
Effects of diarrhea on growth
Effects of diarrhea on growth
Effects of diarrhea on growth
Identify risk factors for diarrhea in Africa
Effects of dietary management of diarrhea on growth
Identify risk factors for diarrhea
Comparative study of rotavirus epidemiology
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Inclusion criteria. We retained children with at least one complete set of
length-for-age Z-scores (LAZ) and weight-for-length Z-scores (WLZ)
when they were 0–5, 6–11, 12–17, and 18–23 mo of age. We did not
include anthropometric measurements during the first 7 d of life in our
analysis, because we wanted to avoid including the natural dip in weightfor-length that sometimes occurs in the first days of life. Among the
children who met the criteria for analysis, we further limited the children
to those who had length measurements at 6, 12, 18, and 24 mo (630 d)
for an analysis of the effects of changes in WLZ on LAZ at 18 and 24 mo.

dataset. The odds of stunting at 12 mo were calculated using logistic
regression and robust variance, accounting for clustering within study.
Included in that model were 3 covariates, an indicator for total number
of stunted measurements at the 3 time points (3, 6, and 9 mo). To
determine if recent or frequent wasting was associated with deficits in
LAZ at 18–24 mo, we considered 8 categories of wasting instances:
never wasted, wasted only at 0–5 mo, wasted only at 6–11 mo, wasted
only at 12–17 mo, wasted at both 0–5 and 6–11 mo, wasted at both 6–11
and 12–17 mo, wasted at both 0–5 and 12–17 mo, and wasted at all 3
age groups. We used a mixed effects model with study-specific random
effects and robust variance, controlling for gender, to model the effect of
wasting in the different age groups on LAZ at 18–24 mo, with the neverwasted group as the reference. Mixed effects models are particularly
suited to handle longitudinal data with unbalanced measurements over
time, as is the case in our multi-cohort data. A similar model was used to
assess the effect of WLZ variability on LAZ at 18–24 mo.
We also determined the effect of change in WLZ in the previous
interval (6–12 mo for the 18-mo length measurement and 12–18 mo for
the 24-mo length measurement) on LAZ at 18 and 24 mo of age using a
linear model with study-specific random intercepts and robust variance.
For this model, we limited the analysis to the subset of 830 children with
anthropometric measurements at 6, 12, 18, and 24 mo of age. For the
model with the outcome of LAZ at 18, the covariates included were
difference in WLZ from 6 to 12 mo, gender, and LAZ at 12 mo. The
model for LAZ at 24 mo was similar, with WLZ difference from 12 to 18
mo, gender, and LAZ at 18 mo. Analyses were subsequently stratified by
stunting status at 6 mo of age.

TABLE 2

Description of children included in the categorical wasting analysis in the combined dataset
including anthropometry data collected in children ,24 mo of age

Setting (reference)

Peru 1985 (19)
Peru 1989 (20)
Peru 1995 (21)
Brazil 1989 (17)
Guinea-Bissau 1987 (22)
Guinea-Bissau 1996 (18)
Bangladesh 1993 (24)
India 2005 (23)
1

Participants

Weight and length
in 4 periods1

n

n

673
217
224
119
1,143
1,027
288
373

118
84
159
99
90
438
247
369

Mean age at
first visit

Girls
n (%)
54
43
70
53
45
213
106
185

(46)
(51)
(44)
(54)
(50)
(49)
(43)
(50)

Mean visits
,18 mo

Any wasting
0–17 mo

Stunted at
18–24 mo

mo

n

n (%)

n (%)

1.8
1.7
1.3
3.2
3.2
2.9
1.2
1.1

16
14
16
5
5
7
16
17

25 (21)
3 (4)
4 (3)
5 (5)
17 (19)
87 (20)
104 (42)
219 (59)

43 (36)
19 (23)
34 (21)
21 (21)
37 (41)
114 (26)
168 (68)
244 (66)

The 4 periods are 0–5, 6–11, 12–17, and 18–23 mo.

20.51 (95% CI: 20.67, 20.36)]. The relationship appeared
relatively homogenous across regions and among children who
were stunted/not stunted at baseline (Supplemental Fig. 3).
Mean WLZ was also included in the model and was directly
associated with attained length at 18–24 mo [LAZ = 0.35 (95%
CI: 0.29, 0.40)].

Association between LAZ and change in WLZ in
previous period
We also considered the effect of a change in WLZ during the
previous 6-mo period on LAZ at 18 and 24 mo. A 1-unit increase
in WLZ from 6 to 12 mo of age was associated with increased
LAZ at 18 mo of age [0.13 LAZ (95% CI: 0.09, 0.17)] after
controlling for gender and LAZ at 12 mo of age. A 1-unit
increase in WLZ from 12 to 18 mo of age was not significantly
associated with a mean difference in LAZ at 24 mo [0.03 LAZ
(95% CI: 20.01, 0.08)]. Similar results were found in 18-mo-old
children who were stunted at 6 mo of age [0.13 LAZ (95% CI:

Natural history of malnutrition in early childhood
The first instances of stunting and wasting occurred at different
times across studies. The percent of children who experienced
their first stunting measurement continued to increase steadily
throughout the first 2 y of life, but most of the initial wasting
occurred primarily in the first 6–12 mo of life in most countries
(Fig. 3). The prevalence of wasting was highest in the first 1–3
mo of age (;15%) and decreased thereafter (Fig. 4). Wasting
prevalence in Asia and Latin America decreased over time,
whereas in Guinea-Bissau, wasting prevalence appeared to
increase until 9 mo of age, at which time a plateau was observed.
Longitudinal instances of wasting on LAZ
We identified the mean effect of all of the different permutations
of wasting in the three 6-mo periods on LAZ (Fig. 5) compared
with children without wasting. Although the numbers are small
in some categories, they demonstrate no long-term effect of
wasting in the first 6 mo of life on LAZ at 18–24 mo if no further
wasting was identified, whereas more recent wasting was associated with lower LAZ at 18–24 mo. Similar results were observed
when the analysis was done by geographic region (Supplemental
Fig. 1) and including only children who were not stunted at
baseline (Supplemental Fig. 2).
WLZ variability on LAZ
Children with greater WLZ variability in the first 17 mo of life
were shorter than those with lower WLZ variability [LAZ =

FIGURE 1 Cross-sectional relationships between LAZ and WLZ by
age group in combined dataset including anthropometry data collected
in children ,24 mo of age from 8 cohort studies. LAZ, length-for-age
Z-score; WLZ, weight-for-length Z-score.
Wasting and stunting in early childhood
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ments. Among the 1241 children with measurements at 3, 6, 9,
and 12 mo of age, 10% of children were stunted and 1% were
wasted at all 4 time points. Similar relationships were obtained
when considering children with LAZ and WLZ , 21 (31% of
children had LAZ , 21 and 7% of children had WLZ , 21 at
all 4 time points). The likelihood of stunting at 12 mo of age
increased as the number of prior measurements with stunting
increased. Children with one stunted measurement prior to 12
mo of age were more likely to be stunted at 12 mo [OR = 2.6
(95% CI: 2.1, 3.1)] compared with children who had no stunting
in the first 11 mo. The odds increased with additional stunted
measurements at 3, 6, and/or 9 mo [2 stunted measurements:
OR = 3.9 (95% CI: 3.0, 4.8); 3 stunted measurements: OR = 5.5
(95% CI: 4.9, 6.1)]. Nearly 80% (334/421, 79.3%) of children
with stunting at 3, 6, or 9 mo were stunted at 12 mo, demonstrating limited recovery from stunting. Among the 177 children
(14%) with wasting at 3, 6, or 9 mo, 70% (123) were not wasted
at 12 mo of age, demonstrating recovery from wasting. Wasting
appears to be more acute and reversible than stunting.

0.05, 0.21)] and in those who were not [0.14 LAZ (95% CI: 0.09,
0.19)]. For the 24-mo-old children, there was no significant effect
of a 1-unit increase of WLZ from 12 to 18 mo on LAZ at 24 mo
for the children who were stunted at 6 mo of age [20.03 (95% CI:
20.12, 0.06)], but there was a significant effect in children who
were not [0.06 LAZ (95% CI: 0.01, 0.10)].

Discussion
In this study, children with wasting only in the first 6 mo of life
had similar LAZ at 18–24 mo to those with no wasting in any
period, whereas more recent wasting appeared to be associated with stunting and a lower LAZ compared with children

FIGURE 3 Cumulative incidence of first stunting (A) and wasting (B) measurements in combined dataset including anthropometry data
collected in children ,24 mo of age from 8 cohort studies.
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FIGURE 2 Relationship between proportion stunted at 18–24 mo
and history of wasting at 0–17 mo in combined dataset including
anthropometry data collected in children ,24 mo of age from 8 cohort
studies.

with no wasting. Greater variability in WLZ during the first
17 mo of life was associated with lower LAZ compared with
children with lower WLZ variability at 18–24 mo. Finally,
positive changes in WLZ during the previous 6-mo period
(6–12, 12–18) were found to be associated with greater length
at 18 and 24 mo.
In the past, investigations describing the relationship between
stunting and wasting have primarily been cross-sectional and
attempts to describe the relationships in a longitudinal fashion
have faced sample size limitations, because wasting is relatively
rare and generally short term. By combining data from 8 different studies, we were able to overcome some of the sample
size limitations and explore the longitudinal experience of
stunting and wasting in children ,2 y of age. However, even
in the multi-country cohort study, sample size was limited,
because many of the studies began collecting data on older
children and we wanted to consider the impact of wasting in
early childhood.
Victora (11) found a correlation between concurrent stunting
and wasting prevalence in Asia and the Eastern Mediterranean,
but low correlation in Africa or Latin America; however, he
found comparable degrees of stunting across the regions, leading
him to conclude that wasting and stunting prevalence may reflect underlying dietary insufficiency in different ways. This
notion was confirmed later by Frongillo and Hanson (26), who
determined that national characteristics explained many of the
differences among the regions. Stunting occurs as a response
to a number of different acute and chronic factors, including
micro- and macro-nutrient deficiencies, serial infectious diseases, inadequate feeding practices, and exposure to pathogens
in the environment, among others. Wasting, on the other hand, is
thought to be a short-term response to food shortage or infectious disease that may or may not lead to stunting, depending on whether the child is able to recover his or her
trajectory via catch-up growth. Areas with a lower prevalence of
wasting may continue to have a relatively high stunting prevalence
because of ongoing nutritional deficiencies.
First, we explored the wasting and stunting experiences of
these children to determine if these were acute or chronic states.
Far more children were stunted than wasted and children with
stunting in early life were unlikely to become nonstunted later,

whereas most of those children who experienced wasting recovered WLZ by the next anthropometric assessment. Wasting,
in general, appeared to be an infrequent and temporary state,
whereas stunting was more likely to be chronic and irreversible.
Children who were wasted only in the first 6 mo of life were
not observed to have linear growth deficits at the end of followup compared with children who were never wasted. Presumably,
catch-up growth in length was adequate for those children who
had their only wasting during the first 6 mo of life, whereas time
was insufficient for catch-up linear growth in those children with
more recent wasting. Alternatively, perhaps catch-up growth in
length does not occur as readily in older age groups and if we
were to follow these children into their third or fourth year of
life, we would find persistent linear deficits. Children with
wasting in the first 2 time periods (0–5 and 6–11 mo) did not
differ from those children with no wasting in LAZ at 18–24 mo,
and this could be because of catch-up growth in these 43 children
during the 12- to 17-mo time period. Wasting in all 3 time periods
appeared to have less of a detrimental effect on LAZ than wasting
in the 12- to 17-mo time period. We found that the results were
similar when the models were run on the subgroups of children
who were stunted and nonstunted at baseline.
Stunting is far more common than prevalence of earlier
wasting instances can explain. It is likely that the cause of
stunting in each country is due to a mixture of exposures, some
having more to do with quality of diet or lack of specific
micronutrients, others having to do with environmental exposures or access to treatment of infectious diseases, and only some
of these potential causes would involve wasting. To look at these
factors across cultures and better determine the role of wasting
in stunting, one would require a large, longitudinal, international study with standardized protocols and comprehensive
follow-up. Wasting is a short-term condition that is incompletely
ascertained through infrequent anthropometric measurements;

FIGURE 5 Effect of wasting in different age groups (+ indicates
wasting was experienced during that period, – indicates no wasting
during that period) on mean LAZ at 18–24 mo in combined dataset
including anthropometry data collected in children ,24 mo of age.
Number of participants (n) contributing data to each category is at the
top of the figure. LAZ, length-for-age Z-score.
Wasting and stunting in early childhood
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FIGURE 4 Prevalence of wasting (percentage of measurements
with WLZ , 22) by month of age in combined dataset including
anthropometry data collected in children ,24 mo of age from 8 cohort
studies and by region, with cubic smoothing splines added to
emphasize trend. Latin America includes Peru (3 studies) and Brazil,
Asia includes Bangladesh and India, and Africa includes Guinea-Bissau
(2 studies). WLZ, weight-for-length Z-score.

therefore, we consider the findings from this study to be
underestimates of the actual relationships. In addition, the
definition of wasting is somewhat insensitive due to the binary
nature of the WLZ ,22 cutoff. A study with larger sample sizes
and comprehensive follow up will allow for a more thorough
investigation of the relationship between changes in weight and
length in early childhood.
A novel way of looking at undernutrition is to consider the
variability in WLZ as a risk factor for stunting. Children who
vary considerably in their WLZ are presumably subject to food
insecurity and seasonal infections. Thus, swings in WLZ may
result in linear growth faltering. Mean LAZ was lower among
children who had greater variability in WLZ, suggesting that
perturbations in the weight acquisition process can have a
lasting impact on linear growth.
Walker et al. (15) described an association between change
in weight-for-length during the previous 6-mo interval and attained length in the following interval in stunted children. There
are several differences between our study and the Walker et al.
(15) study. First, Walker et al. (15) had a smaller sample size
compared with our study and only included children who were
stunted at baseline, whereas we had both stunted and nonstunted children at baseline in our dataset. Second, children in
the Walker et al. (15) study were 9–24 mo at baseline and our
analysis included children who were ;6 mo at baseline. Third,
the analysis performed by Walker et al. (15) combined the
children of different ages and used time in study to categorize
them, whereas we compared the impact of previous change in
WLZ on LAZ in children of the same age. Even with these
differences in study design, our results concur with the findings
of Walker et al. (15) that the change in weight-for-length during
the previous 6-mo period may be associated with length in early
childhood.
Childhood undernutrition is a risk factor for child illness and
death, and attained growth has been associated with economic
productivity and health status in adulthood (3,5). Prevention of
undernutrition is therefore highly important. This study indicates that acute malnutrition in the form of wasting is associated
with the process of stunting, and prevention of wasting could
potentially increase attained stature in children. Increasing the

nutritional status of children involves a multidisciplinary approach that includes improved dietary quality and quantity, and
better disease control strategies.
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