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Abstract
Objective: Measurements of length at birth, or in the neonatal period, are challenging
to obtain and often discounted for lack of validity. Hence, classical ‘under-5’ stunting
rates have been derived from surveys on children from 6 to 59 months of age.
Guatemala has a high prevalence of stunting (49·8%), but the age of onset of growth
failure is not clearly defined. The objective of the study was to assess length-for-age
within the first 1·5 months of life among Guatemalan infants.
Design: As part of a cross-sectional observational study, supine length was
measured in young infants. Mothers’ height was measured. Length-for-age Z-scores
(HAZ) were generated and stunting was defined as HAZ <− 2 using WHO growth
standards.
Setting: Eight rural, indigenous Mam-Mayan villages (n 200, 100 % of Mayan
indigenous origin) and an urban clinic of Quetzaltenango (n 106, 27 % of Mayan
indigenous origin), Guatemala.
Subjects: Three hundred and six newborns with a median age of 19 d.
Results: The median rural HAZ was − 1·56 and prevalence of stunting was 38 %;
the respective urban values were − 1·41 and 25 %. Linear regression revealed no
relationship between infant age and HAZ (r= 0·101, r2= 0·010, P= 0·077).
Maternal height explained 3 % of the variability in HAZ (r= 0·171, r2= 0·029,
P= 0·003).
Conclusions: Stunting must be carried over from in utero growth retardation in
short-stature Guatemalan mothers. As linear growth failure in this setting begins
in utero, its prevention must be linked to maternal care strategies during gestation,
or even before. A focus on maternal nutrition and health in an intergenerational
dimension is needed to reduce its prevalence.
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Chronic malnutrition or stunting, notably prevalent in
Guatemala, is a reduction of linear growth associated with
a series of adverse consequences. These include increased
mortality, diminished disease resistance and reduced
cognitive function in childhood, along with restricted
physical capacity in adults and enhanced risk of obstruc-
ted labour in childbirth(1,2). The most recent UNICEF State
of the World’s Children statistics(3) report an aggregate
prevalence of stunting among surveyed children, aged 6 to
59 months, of 40 % in the African region, 35 % in the Asia
region and 14 % in the Latin Americas region. However,
within the Americas, the Central American Republic
of Guatemala has the highest rate of stunting, with a
49·8 % prevalence according to the most recent national

nutrition survey(3), when measured with respect to the WHO
standards(4). The designation of stunting as ‘chronic mal-
nutrition’ would implicitly suggest a dietary origin, but a
diverse series of environmental influences including micro-
bial contamination(5), mycotoxins(6,7), indoor smoke(8),
recurrent diarrhoea(9,10), helminth infection(11,12) and envir-
onmental enteric dysfunction(13,14) have been postulated
to explain more of the variance than can be explained
simply by poor nutrient intake(5,15).

On a global basis, UN statistics document a progressive
and steep decline in length-for-age status during the first
three years of life(16). Since national survey statistics for
stunting cover the 6–59 months age group, the linear
growth situation for the earliest period of the lifespan,
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back to the time of birth, is shrouded with some uncer-
tainty. This relates to a series of technical and procedural
issues. The inability to be present at the moment of birth,
technical issues with the measurement procedure and
even reluctance to manipulate the newborn into
an extended posture are barriers to reporting length data
at birth. When available, however, the untrained and
non-standardized nature of community field workers
performing the measurements leads to scepticism as to
the validity of length determinations at birth. Despite the
aforementioned issues, there is, of course, an absolute
requirement for early measurements of length in certain
circumstances, such as in the construction of growth
curves; the cross-national procedures to maximize stan-
dardization of anthropometric measurements have been
published by the WHO Multicentre Growth Reference
Study Group(17,18).

A recent sample of 148 term infants in the central high-
lands of Guatemala was followed with serial anthropometry
monitoring over 12 months, initiating from the moment of
birth; measurements were obtained by community field
workers in the investigative team. The initial mean length-
for-age Z-score (HAZ), measured at an average of 5·6
(SD 2·7) d since birth, was − 1·0 (SD 1·0), indicating a certain
degree of linear growth retardation at the moment of
birth(19). Two field studies in the Quetzaltenango Province
of Guatemala, one conducted in eight rural hillside hamlets
of Mam-speaking households and another recruiting
women attending an urban public health clinic(20,21), serve
as a further basis for observations that focus attention on
substantial short stature among children measured shortly
after birth. The central objective of the present study was to
explore the possibility that some degree of retardation in
linear growth leading to stunting may have been accumu-
lated even at the moment of birth.

Methods

Sites and settings
Both studies were conducted in Quetzaltenango Province
in the western highlands of the Republic of Guatemala,
with its capital 210 km from Guatemala City along the Pan
American highway being the second most populous city
of Guatemala. It is an agricultural zone of both commercial
(garden vegetables, coffee, livestock) and subsistence
(maize, beans, potato) cultivation. It has a mixed population
of Mayan Quiche and Mam indigenous groups living in
both rural and urban locations and of non-indigenous
(mixed indigenous Mayan and Spanish European) descent,
largely concentrated in the urban zones. The study sites
ranged from 2333 m above sea level (urban area) to as
high as 3200 m above sea level in the most elevated of the
rural villages.

The rural-village arm of the study took place in June
2012 through May 2013 in eight rural Mam-speaking

hamlets in the municipality of the San Juan Ostuncalco,
with populations of between 1100 and 3400 inhabitants.
Mother–infant dyads were identified and invited to parti-
cipate by community health workers as part of a larger
research study investigating maternal–infant health and
determinants of early infant stunting. Only those women
who consented to participate were enrolled. Gestational
age was not considered for enrolment or analysis.

The urban-clinic arm of the study took place in the city of
Quetzaltenango. Mother–infant dyads were identified as
they presented to the local public health clinic, when they
were invited to participate as part of a larger research study
investigating adherence to the WHO recommendations for
early feeding practices among low-income residents of
the metropolitan area of Quetzaltenango. Inclusion criterion
included the recall affirmation that the children were of
‘term’ births.

Participants
We enrolled 200 infants (2–45 d old) and their mothers
at the rural-village site and 106 infants (4–33 d old) and
their mothers at the urban-clinic site. All research was
conducted in accordance with prevailing ethical princi-
ples. Ethics approval was obtained from McGill University
(rural study) and from the Center for Studies of Sensory
Impairment, Aging and Metabolism (CeSSIAM; urban and
rural studies).

Anthropometric measurements
The infant’s recumbent supine length was measured three
times according to standardized procedures using a SECA
2010 infantometer; the average length of three measure-
ments was recorded to the nearest 0·5 cm. Maternal height
was measured using a wall stadiometer at each of the eight
rural villages and at the urban clinic. Stature was recorded
to the nearest 0·5 cm with the woman standing without
shoes and the gaze in the Frankfort plane. Anthropometric
measurements were performed in all cases among a total
of three members of the CeSSIAM staff based in the
Quetzaltenango offices, all trained as nutritionists. Before
deployment to the field, the team of staff members
undertook a standardization exercise with infants to the
point of inter-observer adequacy according to the proce-
dure outlined by Lohman et al.(22). Only one single
anthropometrist conducted all measurements at the urban
clinic. The remaining two had worked with older infants in
the urban-clinic setting before moving to the rural-village
project duties, including the measurements within the first
month of life.

Data handling and statistical analysis
HAZ were calculated using the WHO Child Growth
Standards(4). Stunting was categorized using WHO defi-
nitions. Stunting was defined as HAZ < − 2·0. Moderate
stunting was defined as HAZ ≥ − 3 and < − 2. Severe
stunting was defined as HAZ < − 3.
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The statistical software package IBM SPSS Statistics
version 21 was used for all statistical analyses. Descriptive
statistics were used to describe the population (ethnicity,
infant sex distribution), infant stunting prevalence and
HAZ (mean, median and standard deviation) in both study
settings. Since the HAZ distribution was not normal,
differences in median HAZ between sites and infant sex
were assessed using the non-parametric Mann–Whitney
U test. Differences in stunting prevalence were assessed
using the χ2 test. Linear regression analysis was used to
test if age of the infant (in days) and maternal height
(in centimetres) significantly predicted infant HAZ.

Results

The mean height of all 306 mothers was 147·9 (SD 5·7) cm
(range 133·0–169·0 cm), with a median of 148·0 cm. The
mean height of the seventy-five non-indigenous women
was 151·9 (SD 5·6) cm, as compared with 146·5 (SD 5·0) cm
among the 229 women of indigenous descent (P< 0·001).
Height measurements were missing for two women.

The overall prevalence of stunting of all infants less than
6 weeks of age was 33 %, with a median HAZ of − 1·50.
We have illustrated in Fig. 1 the mean HAZ values of the
rural-village site ( ) and the urban-clinic site ( ) at
1 month. The reference curve above ( ) is the
12-month course of the composite HAZ values for the fifty-
four low- and middle-income nations from WHO-collected
survey data and published by Victora et al.(16). At 1 month,
our HAZ values fall well below the level of the composite
reference throughout the entire first year of
life. In fact, it would not be until the 15th to 17th month of
life (data not shown) that the reference HAZ curve would
have reached the level of linear growth decline observed
in the urban-clinic and rural-village Guatemalan infants,
respectively, within a month of birth.

We show in Fig. 2 a scatter plot of age in days at
measurement of length (x-axis) v. HAZ (y-axis), along
with the linear regression line (r2= 0·010). Simple linear
regression revealed no relationship between age of the
infant and HAZ (β= − 0·101, t(304)= − 1·777, P= 0·077).
Figure 3 illustrates the scatter plot of maternal height in
centimetres (x-axis) v. infant HAZ (y-axis), and the linear
regression line (r2= 0·029). This simple linear regression
revealed a significant positive relationship between
maternal height and HAZ (β= 0·171, t(302)= 3·023,
P= 0·003), meaning that infants with taller mothers had
higher HAZ. Maternal height explains 3 % of the variability
in infant HAZ (r2= 0·029). Figure 4 provides a graphical
representation of the partition among non-stunted, mod-
erately stunted and severely stunted in the urban-clinic v.
rural-village setting.

As shown in Table 1, there was an 11 % lower median
HAZ (P= 0·167), and a 52 % lower stunting prevalence
within the first 45 d of life, in the urban-clinic group as

compared with the rural-village group, which reached
significance (P= 0·034). Table 2 disaggregates rural-village
and urban-clinic sub-samples by newborn sex. No differ-
ence between sexes was found at the rural-village site
whereas at the urban-clinic site, the boys had a 38 % lower
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Fig. 1 Mean length-for-age Z-score (HAZ) within urban and
rural study sites v. timing of growth faltering worldwide
(compiled from fifty-four low- and middle-income countries) as
followed from 1 month through the first year of life. The
composite reference data ( ) are re-plotted from the
original data from reference Victora et al.(16) as kindly
provided by Professor Cesar Victora. The mean HAZ of the
rural-village sample ( ) and the mean HAZ of the urban-clinic
sample ( ) were obtained from newborns with a median age of
19 d from eight rural villages (n 200) and an urban clinic (n 106)
in Quetzaltenango, western highlands of Guatemala
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Fig. 2 Scatter plot of infant age in days (x-axis) v. infant length-
for-age Z-score (HAZ; y-axis) and regression line for combined
rural-village and urban-clinic infants (n 306, r= 0·101,
r2= 0·010, P= 0·077). Data were obtained from newborns
with a median age of 19 d from eight rural villages (n 200; × )
and an urban clinic (n 106; ▵) in Quetzaltenango, western
highlands of Guatemala
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mean HAZ than the girls, which was statistically significant
(P= 0·040).

Discussion

The major observation of the present study is the unex-
pected rate of both moderate and severe stunting in babies
less than 6 weeks of age. The high prevalence of stunting in
pre-school children in Guatemala has been an increasingly
important policy concern in the nation(23). It has been
linked with the epidemiological and biological paradigm of
the ‘window of opportunity’ of the first 1000 d of life – from
conception to the second birthday – which has become a
guiding principle for programmatic action to prevent per-
manent deficits in growth and development(24,25). Histori-
cally speaking, the insights for delineating this period came
from observations derived from a longitudinal study in the
eastern zone of Guatemala, begun in the 1960s(26), where
only interventions reaching the mother–infant dyad prior
to 24 months had measureable impacts on growth and
development. Even within the current 1000 d framework,
however, a keen realization of the in utero occurrence of
linear growth faltering has not been incorporated into the
programmatic mobilization.

A closer inspection of the disaggregation by sex and
ethnicity is worthwhile. Based on nationally representative
data from the most recent survey(27) for the entire
6–24 months period, indigenous children in Guatemala
have a 65·9 % stunting prevalence as compared with a
36·2 % prevalence for non-indigenous. Although there
were no significant differences in the median HAZ
between the rural-village series, entirely of indigenous
descent, and the urban-clinic series, only 28 % indigenous,
there was a slight numerical inclination towards the rural;
but no dramatic ethnic disparity was yet reflected within
the first month of life.

What does stand out in Table 2, however, is the differ-
ential HAZ status between the sexes within the urban-clinic
sample, with a significantly higher stunting prevalence
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Fig. 3 Scatter plot of maternal height in centimetres (x-axis) v.
infant length-for-age Z-score (HAZ; y-axis) and regression for
combined rural-village and urban-clinic mother–infant dyads
(n 304, r2= 0·029. r= 0·171, P= 0·003). Data were obtained
from mothers and their newborns with a median age of 19 d
from eight rural villages (n 200; × ) and an urban clinic (n 106;
▵) in Quetzaltenango, western highlands of Guatemala

Table 1 Demographics and prevalence of infant stunting by study site (n 306). Data were obtained from newborns with a median age of 19 d
from eight rural villages (n 200) and an urban clinic (n 106) in Quetzaltenango, western highlands of Guatemala

HAZ*

n Median Mean SD Proportion of stunting† (%) Proportion of severe stunting‡ (%)

Rural-village site 200 − 1·56 − 1·71 1·38 38 16
Urban-clinic site 106 − 1·41 − 1·51 1·12 25 10
P value 0·167§ 0·034|| 0·215||

HAZ, length-for-age Z-score.
*Based on 2006 WHO growth standards(4).
†Stunting was defined as HAZ <− 2·0 in relation to the WHO reference median(4).
‡Severe stunting was defined as HAZ <− 3·0 in relation to the WHO reference median(4).
§P value for the difference between study sites using the non-parametric Mann–Whiney U test.
||P value for the difference between the study sites using the χ2 test.
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Fig. 4 Prevalence of infant stunting ( , adequate growth,
length-for-age Z-score (HAZ) <+2 and ≥− 2; , moderate
stunting, HAZ ≥− 3 and <− 2; , severe stunting, HAZ <− 3)
in relation to the WHO reference median(4) in (a) the rural-
village and (b) the urban-clinic sample. Data were obtained
from newborns with a median age of 19 d from eight rural
villages (n 200) and an urban clinic (n 106) in Quetzaltenango,
western highlands of Guatemala
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in boys. The greater nutritional vulnerability of males in a
resource- or nutrient-constrained setting is not unheard of in
epidemiology. Only male children increased weight gain in
a Zn-supplementation study in Colorado(28). Similarly, males
were 32% more likely to have xerophthalmia than females
in a survey on a South Pacific island(29). Severe protein–
energy malnutrition has been reported to be more prevalent
in males in some series(30,31). Even modelling national
availability of energy in the food supply, Williams and
Gloster(32) found a negative influence on the male:female
human sex ratio. The intrinsically programmed growth tra-
jectory for male infants is greater than that for females(18)

with consequent higher demands for most nutrients. With
constraints on access to or retention of nutrients, males
would be expected to reach an imbalance tipping point
earlier and more frequently than their female peers.

One can speculate that this ‘missing the forest for the
trees’ phenomenon – the general lack of attention to birth
length –might relate to the ingrained focus on birth weight
as a variable of interest in clinical medicine and public
health. This has a technical dimension. Whereas weight,
on the one hand, is readily and routinely measured at
birth, there is a certain reticence, on the other hand, to
perform a rigorous length measurement at delivery. Due to
fear of causing skeletal injury to the newborn in complete
straightening of the body, along with scepticism about
whether length can be measured consistently in routine
data records, authorities and authors have widely dis-
regarded birth length as a reliable variable and firmly focused
their interest in early-life growth disorders of weight at birth.
In the clinical and neonatology domain, small-for-gestational-
age is the entity of interest for poor intra-uterine growth,
defined exclusively in relation to standards of weight at
birth(33,34). Likewise, in the epidemiological sphere, intra-
uterine growth retardation based on birth weight is the
paradigm of public health interest(35,36). Absolute weight
in grams at birth and the ‘underweight’ classification by
weight-for-age remain the dominant terms of reference in
early infancy.

Several widely cited publications, however, may have
left a general impression that retardation of linear growth
does not become a problem of interest until later in
infancy. A study cited to support exclusive-breast-feeding
policy was performed among deprived families of greater
Lima, Peru in the 1990s; the reported birth lengths of poor
neonates were comparable to those of their comparison
group from privileged conditions of Davis, California and
linear growth was parallel through 9 months(37). In response
to that publication, Rivera and Ruel(38) in Guatemala mobi-
lized data from a study from the 1960s to identify a subgroup
of breast-fed infants whose length growth fell off as early as
3 months, but earlier measurements were not included. The
impression given by the WHO-sponsored compendium by
Victora et al.(16), abstracted as the basis of our Fig. 1, may
have a contemporary effect on normative thinking about
length at birth. In fact, its first data point is at 1 month, but
the mean HAZ by month 2 is close to −0·20. The database
for that curve is the combined national survey data from
fifty-four low- and middle-income countries. The composite
mean projects the impression of little aggregate length
problem in the neonatal period. A quotation from a con-
tribution from a Chinese and Swedish collaboration in 2000,
‘Linear growth retardation (stunting) is prevalent (10–80%)
in developing countries. It takes place between 6 and
18 months of age…’, may be typical of the widespread
ignoring of an early-onset possibility for stunting(39).

For reasons alluded to throughout the text, the domi-
nant anthropometric focus at birth and in early infancy
is on body weight, with length measurement relegated
to a lower priority. Nevertheless, we have identified
studies, both from Guatemala and in the international
literature, with which to compare the present findings.
Birth length is often part of protocols in long-term cohort
studies bridging from birth through childhood and towards
adulthood(40–45) or short-term, longitudinal observational
studies seeking to find correlates of early growth or
health(46–53). More recently, length is measured at birth as
part of studies evaluating inter-pregnancy interventions in

Table 2 Prevalence of infant stunting by sex and study site (n 306). Data were obtained from newborns with a median age of 19 d from eight
rural villages (n 200) and an urban clinic (n 106) in Quetzaltenango, western highlands of Guatemala

Proportion indigenous
HAZ*

Proportion of stunting†
n (%) Median Mean SD (%)

Rural-village site
Boys 110 (55%) 100 −1·57 −1·76 1·46 37
Girls 90 (45%) 100 −1·49 −1·64 1·28 38
P value 0·618‡ 0·119§

Urban-clinic site
Boys 53 (50%) 32 −1·64 −1·75 1·16 32
Girls 53 (50%) 23 −1·40 −1·27 1·02 19
P value 0·040‡ 0·941§

HAZ, length-for-age Z-score.
*Based on 2006 WHO growth standards(4).
†Stunting was defined as HAZ <− 2·0 in relation to the WHO reference median(4).
‡P value for the difference between sexes within study sites using the non-parametric Mann–Whiney U test.
§P value for the difference between sexes within study sites using the χ2 test.
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the mother on outcomes of birth size and early growth(54–56).
The length determinations often come from community
workers trained and equipped to perform anthropometry for
the studies, and up to 48 to 72 h postpartum is often allowed
as a margin for measurement. Schmidt et al.(52) mimic our
experience to the extent that only sixty-eight of the 312
infants enrolled within 30 d of birth were measured within
72 h. In a report from Cebu in the Philippines among 2859
mothers with a mean height of 150·6 cm, 5% of infants were
stunted at birth(40). Among 170 term births to mothers in a
Mexico City slum, the mean HAZ at birth was −0·80, with no
estimate of stunting frequency(53). In general among these
reports, however, little or nothing is remarked on the
descriptive statistic of birth stunting prevalence.

Specifically with respect to Guatemala, anthropometric
data from the legendary 1960s longitudinal nutritional
intervention study in four villages in an eastern province
were revisited a quarter of a century later; the title topics
included ‘growth retardation’(38) and ‘length … in stunted
populations’(57). The former, however, refers to weight-
for-age, and the authors’ reticence to avail themselves of
neonatal length measurements in the database is attested
to by the fact that 3-month HAZ is the earliest datum used
in both studies. In the new millennium, the actual villages
were revisited to study the offspring of the original child
participants. In this protocol, both ultrasonic monitoring of
fetal growth and birth lengths were measured(58,59). In
another study, hospital record data from a rural hospital
were used to differentiate intra-uterine growth retardation,
based on low birth weight, into its chronic and acute
varieties; this was accomplished with secondary mea-
surements that included head circumference, abdominal
circumference and length at birth(60). Finally, working in a
rural Mayan indigenous village of the central highlands of
Guatemala, Berngard et al.(19) documented a mean HAZ at
an average of 5·7 d after birth from project-staff measure-
ments of − 1·0 (SD 1·0) among 148 newborns. Although
the stunting prevalence was not reported, if the length
distribution were normally distributed, this would corre-
spond to about a 16 % rate.

We cannot exclude a heritable genetic component for
the slower intra-uterine linear growth, although it is a near
consensus in biological anthropology that the growth
potential for most racial groups is common(61). An envir-
onmental cause would centre on poor dietary practices of
the mother, impaired nutrient delivery to the placenta
or both, as well as the environmental assaults on the
mother. In the interior provinces of Guatemala, factors
such as poor prenatal care, recurrent infection and
even exposure to indoor wood-fire smoke(62) would be
candidates. To the extent that these environmental factors
produce oxidative and inflammatory stress, hormonal
mechanisms for disrupting elongation of bones in utero
are now well described in animal models(63,64). Although
dietary and environmental conditions certainly differ
between the urban and rural study settings of our series,

we found no significant inter-setting difference in stunting
rates or HAZ.

The short maternal stature of the mothers is of concern.
A high prevalence of adult stunting was documented in
a survey of all mothers measured in the urban-clinic
series(65). The mean height of the 542 mothers in that
study was 149·2 (SD 5·9) cm, with 59 % standing less than
150·3 cm tall (data not shown). As pelvic dimensions
are directly associated with maternal height(2), stunted
mothers are at risk of obstetric complications during the
delivery of infants even of the median size of the inter-
national standards(4). It would somehow be fortuitous,
therefore, if there existed a mechanism that adjusted
the baby’s birth size to the pelvic capacity. Against the
operation of such an adaptation, however, is the finding
that, in the current sample, maternal height explains only
3 % of the variance in HAZ in our regression (r2 = 0·029).
Given the short stature, however, it is logical that any push
for Guatemala newborns to achieve international standard
birth size must be guided with moderation until the pelvic
capacities are of more ample proportions in women of the
western highlands.

The present study has certain acknowledged strengths
and weaknesses. It is more an opportunity-based compi-
lation of findings from two studies than a prospectively
designed inquiry. In fact, the assumptions of both studies
were that the linear growth trajectories would approximate
those graphed in the international reviews(16,66). No
sample-size calculation for considerations of stability of
prevalence estimates was built into the design of either
study and the urban-clinic project involved recruitment
of a convenience sample, not necessarily representative of
the setting’s overall population. Both studies, however,
shared the same measuring equipment and training and
standardization, and enrolled infants between 2 and 45 d
of life. Within this interval, safer and more deliberate
extension of the infant’s body for supine measure can be
made than on the day of delivery, either in the midwifery
or maternity hospital setting. Our use of the headline
term of ‘stunting at birth’, moreover, seems justifiable,
since little movement among growth channels would be
expected within this short postpartum interval, as con-
firmed in Fig. 2. Recruitment in a health clinic could
introduce an unknown degree of bias for infants aged 4 to
33 d; they were attending the facility this early in life for a
number of well-baby and maternal concerns. As such, the
early enrollees could represent a subgroup of children
with health or nutritional concerns in early life, distinct
from their recently born age peers across the low-income
community as a whole. In our view, any exclusion of
infants based on gestational age actually reduces the
accounting of net low length at birth. We must admit,
however, that the disparate criteria for inclusion or
exclusion by gestational age make comparisons across our
two Guatemalan sites, and with the publication from the
centre of the nation(19), less precise. This heterogeneity,
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moreover, may have been a factor in the time-dependent
association illustrated in Fig. 2. Finally, therefore, while
perhaps not providing the definitive incidences of stunting
in the recently born infant for either the urban-clinic or the
rural-village sector of Quetzaltenango Province, a sub-
stantial and disconcerting number of individuals have full
linear growth retardation of intra-uterine origin.

Accepting, then, that rates of stunting – and a general
leftward shift of HAZ distributions – are present in certain
neonates in the interior of Guatemala here and else-
where(19) adds a new dimension to established policy
considerations. The demonstrable existence of stunting-at-
birth might serve to redirect and reorient the strategies and
policies surrounding the first 1000 d policy. It undoubtedly
highlights the importance of a focus on the mother, and
the female lineage, in bolder relief. If the goal is to mod-
erate stunting rates, it is essential to prevent the condition,
as efforts for reversal of established short stature have so
far proved unsatisfactory in general(67,68). The key focus is
the mother. Logic dictates, moreover, that it will take
an intergenerational effort and course to safely bring a
resolution to the Guatemalan public health problem of
short stature(69). Thus, we associate ourselves with the
conclusions of Berngard et al.(19) on similar observations
in Guatemala: ‘The primary conclusion is that impaired
foetal linear growth is the major predictor of early infant
linear growth failure indicating that prevention needs to
start with maternal interventions’. This likely begins by
mobilizing more than cursory attention to the nutritional
needs, infection control and environmental-stress reduc-
tion interventions for low-income women both prior to
and after conception that is focusing on the maternal
determinants of supporting fetal growth. As the female off-
spring achieves lower stunting-at-birth rates and we gain
better prevention of additional postpartum growth retarda-
tion, the adult heights and corresponding pelvic capacity of
the next generation(s) of highland mothers will support safe
deliveries of ever larger and longer newborns; this should
result in an upward spiral unravelling the quandary of
stunting – in both urban-clinic and rural-village settings –

for the most affected nation in the western hemisphere.
Additional data collected on length of young infants in other
parts of Guatemala as well as other resource-poor settings
would enable us to generalize the findings obtained from
the western highlands, which would broaden global health
policy recommendations.
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