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Background: Undernutrition in early life (UELife) is a condition associated with greater 

occurrence of chronic diseases in adulthood. Some studies on this relationship have used short 

stature as indicator of UELife. However, other non-nutritional factors can also determine short 

stature. Depending on the severity of UELife, the human body reacts primarily compromising 

weight and length gain, but prioritizing brain growth, resulting in disproportionate individuals. 

Based on this premise, this study aimed to validate a new anthropometric indicator of UELife.

Design: Using stature and head circumference data from a probabilistic sample of 3,109 

women, the Head-to-Height Index was calculated: HHI = (head × 2.898)/height. A HHI >1.028 

(75th percentile) was the best cutoff for predicting obesity (best balance between sensitivity/

specificity, largest area under the receiver operating characteristic curve, and highest correla-

tion coefficient) and was used to define the condition of body disproportionality. The strength 

of associations with several outcomes was tested for both disproportionality and short stature 

(height ≤25th percentile: 153.1 cm).

Results: In adjusted analysis for confounding factors (age, smoking, and education level), the 

strength of the associations between body disproportionality and the analyzed outcomes was 

greater than that observed when short stature was used. Respectively, the observed prevalence 

ratios (95% CI) were (P<0.05 for all comparisons): obesity: 2.61 (2.17–3.15) vs 1.09 (0.92–1.28); 

abdominal obesity: 2.11 (1.86–2.40) vs 1.42 (1.27– 1.59); high blood pressure: 1.24 (1.02–1.50) 

vs 0.90 (0.75–1.08); hypercholesterolemia: 2.98 (1.47–6.05) vs 1.65 (0.91–2.99); and hypertri-

glyceridemia: 1.47 (1.07–2.03) vs 0.91 (0.69–1.21).

Conclusion: Body disproportionality is a more accurate indicator of UELife than short stature. 

While short stature may be genetically determined, a high HHI is due to metabolic adaptations 

to undernutrition in early life.

Keywords: anthropometric indices, metabolic risk factors, cardiovascular risk, obesity, dys-

lipidemia, epidemiological survey

Introduction
Since David Barker and colleagues in the 1980s published their first work on the long-

term consequences of undernutrition in early life, there has been increasing interest 

worldwide in studies on the concept now called Developmental Origins of Health 

and Disease (DOHaD). According to this concept, poor nutrition in utero or during 

early childhood is associated with an increased risk of chronic diseases later in life.1–4

The term undernutrition used in this study should be understood in a broader sense 

than merely a deficiency in energy and protein, given that in contexts of poverty and 

lack of access to adequate food, significant proportion of individuals are subjected to 
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multiple deficiencies. Then, in addition to macronutrients, 

there is a deficit of several micronutrients essential to the 

adequate process of growth and development of individuals.5

In this context, we have conducted several studies based on 

the population of Alagoas, which is one of the poorest Brazil-

ian states and is characterized by the worst social indicators 

in relation to other states, such as illiteracy rate, precarious 

infrastructure of basic sanitation services, and high disparity 

in socioeconomic conditions. Since 2000, Alagoas has been 

designated as the state with the worst Human Development 

Index.6 In 1989, the prevalence of chronic undernutrition in 

pre-school children in Alagoas was more than seven times 

higher than that observed in the state of Santa Catarina (36.8% 

vs 4.9%),7 one of the states of the southern region of the coun-

try, which presents greater social and economic development 

when compared to the northeast region.

There is evidence that during the pre-conceptional, fetal, 

and infant phases of life, exposure to environmental compounds 

or behaviors, placental insufficiency, maternal inadequate 

nutrition, and metabolic disturbances can promote improper 

“epigenetic programming”, leading to susceptibility to various 

disease states or lesions in the first generation and sometimes 

subsequent generations, ie, transgenerational effects.8,9

Perhaps this explains why the height of adults in Alagoas 

is below the median of the population of other Brazilian states 

with better economic conditions,10 since the population of 

Alagoas was for decades undergoing a chronic process of 

undernutrition. For this reason, this population is especially 

suitable for studies on the long-term consequences of under-

nutrition in early life.

Having this aspect as support, we have used the short 

stature in adults as an indicator of undernutrition in early life. 

Comparing individuals of short stature with those of normal 

stature, we showed that the former were at higher risk for high 

blood pressure, obesity (but not with a high energy intake), 

insulin resistance, and alterations in lipid profile.11–16 Other 

authors have been using this same strategy to clarify issues 

related to DOHaD.17,18

An important limitation of this approach is that not all 

adults of short stature suffered undernutrition during growth 

and development phases. Besides a good nutritional condi-

tion, the growth of the human body also depends on genetic 

factors and of the neuroendocrine system. Thus, the pres-

ence of many “false positives” (individuals of short stature 

of hereditary origin, mainly) would reduce the strength of 

the association between short stature and the investigated 

outcomes (eg, obesity, high blood pressure, dyslipidemia,).11

As an alternative to short stature, other authors have used 

low birth weight as an indicator of nutritional deprivation in 

early life.19–21 However, this indicator covers only the prenatal 

phase. The period from birth to 2 years of life also constitutes 

a window of opportunity for the promotion of health. There 

are evidences that nutritional damages occurred in this phase 

can determine structural, metabolic and functional changes 

that predispose these individuals to chronic diseases in adult-

hood.22 Furthermore, in cross-sectional studies with adult 

individuals, information on birth weight is not always easily 

available and is also subject to a greater risk of memory bias 

when obtained by interview.

In view of the above limitations presented in relation to 

the use of short stature or low birth weight to identify under-

nutrition in early life, the need for validation of alternative 

strategies with good discriminatory power is justified.

For this, we take into account the premise that in early life 

the organism in adaptive response to a nutritional insult mini-

mizes damage to head growth rather than linear growth,23,24 

leading to a disproportionality of the body. Adaptive physi-

ological mechanisms seem to explain the organism’s attempt 

to maintain better blood perfusion in favor of vital organs, as 

in the case of brain tissue.25–27

From this perspective, the construction of an anthropo-

metric index that relates cephalic perimeter to stature is based 

on the assumption that individuals who underwent under-

nutrition in early life present a disproportion between head 

size and respective height, the former relatively preserved, 

while the latter would be reduced by virtue of the metabolic 

adjustments induced by nutritional damage.28

The objective of this work is to describe and propose a 

new anthropometric method to be used as an indicator of 

undernutrition in early life.

Methods
The data analyzed were obtained from a cross-sectional 

survey that aimed to investigate the prevalence and factors 

associated with food insecurity among Alagoan families.29 

For this, we obtained a probabilistic sample representative 

of the population of women from Alagoas (in the northeast 

region of Brazil), one of 27 Brazilian states (including the 

Federal District). Brazil is a country of continental dimen-

sions with ~200 million inhabitants, where over 80% live 

in urban areas. The 27 states of Brazil are grouped into five 

regions: north, northeast, midwest, southeast, and south. The 

last two regions are the richest and most developed, while 

the north and northeast regions are considerably poorer. 

The smallest administrative divisions in the country are 

municipalities, encompassing both urban and rural areas. 

Alagoas has 102 municipalities and an estimated population 

of 3,358,963 inhabitants.30
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The variable of interest used to calculate the sample 

size was food insecurity, for which the study considered the 

prevalence of 34.7% that was found for Alagoas in the last 

survey conducted by the Brazilian Institute of Geography and 

Statistics (IBGE).31 The study population was estimated to 

include 841,117 families. The margin of error assumed was 

2.0%. The study also considered a sample formed from 120 

conglomerates (census tracts, a geographic region defined 

by IBGE for census purposes consisting of ~300 families) 

and a value of 1.5 to correct for the effect of the complex 

design. For a 95% CI, it would be necessary to have 3,360 

families in the study. To this amount, a total of 10% was added 

to cover possible sample losses (closed or empty houses 

and refusals), totaling a sample number of 3,696 families/

households. Therefore, in the case of sample losses, there 

was no need for replacement (provided that the losses were 

less than 10%). The calculations were performed using the 

StatCalc tool from Epi-info, version 7.1.4. (CDC, Atlanta, 

GA, USA). Further details have been described elsewhere, 

including demographic and socioeconomic characteristics.29

The present study included women aged 20–49 years 

residing in the households investigated. If there were two 

or more women, only one of them, chosen at random, was 

evaluated. The final sample analyzed in this study consisted 

of 3,109 women (Figure 1).

Data collection
The data collection, preceded by training and a pilot study, 

was conducted through household visits from April 2014 

to March 2015. The field team was composed of a general 

coordinator, a supervisor, two anthropometrists, and 12 inter-

viewers. The coordinator was responsible for logistical and 

administrative matters, while the supervisor systematically 

ensured the quality of the data obtained. Following a sequence 

of questions contained in structured forms and standardized 

procedures, socioeconomic, demographic, environmental, 

anthropometric, biochemical, and health data were collected.

anthropometric data
The anthropometric data were collected under international 

standardized protocols.32 Women who had visible anatomi-

cal changes that could interfere with the accuracy of the 

anthropometric measurement were excluded from the analy-

sis. To measure height, a portable stadiometer (model 213; 

Seca GmbH & Co, Hamburg, Germany) equipped with a 

measuring tape with a sensitivity of 0.1 cm was used. Those 

assigned to the first quartile (≤153.1 cm) were considered 

to be of short stature, a condition that is associated with a 

higher probability of having suffered undernutrition during 

one or more phases of growth and development,11,14,15 women 

from the fourth quartile (>161.0 cm) were taken to be of 

normal stature and served as a reference for comparison of 

the variables of interest.

Weight was verified on a digital scale (model MS6121R; 

Charder Electronic Co, Taichung City, Taiwan) with a capac-

ity of 250 kg and a precision of 100 g. The scale was cali-

brated daily against a standard weight. Obesity was identified 

by a body mass index (BMI) ≥30 kg/m².32 Occipitofrontal 

circumference was measured with a narrow non-stretch tape 

placed in the horizontal plane encompassing the widest cir-

Figure 1 Flow diagram of the participant selection process.
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cumference of the head. The tape measure was kept taut, and 

measurements were made to the nearest 0.1 cm.33

The waist circumference (WC) was measured at the 

midpoint between the last rib and the upper edge of the iliac 

crest, using an inextensible tape measure with a sensitivity 

of 0.1 cm and a capacity of 150 cm. Abdominal obesity was 

defined by waist-to-height ratio (WHtR) >0.54.34

Considering the values obtained for the perimeter of the 

head and for stature, the Head-to-Height Index (HHI) was 

created. This index seeks to reveal disproportions in the 

relationship between head size and respective height and, 

if associated with an appropriate cutoff point, may become 

a good indicator of nutritional disorders occurring at the 

beginning of life (pre- and/or postnatal life).

Construction of the Head-to-Height 
Index (including the commands 
routine in Stata™)
1. Creation of a constant that makes the median perimeter 

of the head (cm) equal to the median height of the studied 

population (cm).

gen constant_hhi = height/head

sum constant_hhi, d Result: The median value was 2.898

2. Generation of the variable HHI: 

gen hhi = (head * 2.898)/height

3. Estimation of the best cutoff of the HHI as an indicator 

of undernutrition in early life:

In the estimation of the best cutoff values of the HHI, the 

following criteria were adopted: balance between sensitivity 

and specificity, the area under the receiver operating char-

acteristic (ROC) curve and the Spearman’s correlation coef-

ficient. Since obesity is an important risk factor for chronic 

non-communicable diseases in general, this condition was 

used as the dependent variable in the calculations for the 

definition of this cutoff point. 

 centile hhi, centile(75) Result: 1.028

The procedure was repeated to identify the values cor-

responding to the percentiles 80, 85, 90, and 95.

gen head75 = hhi > 1.028 if hhi <.

With this command, the variable “head75” was gener-

ated, with a cutoff value corresponding to the 75th percentile 

of the HHI distribution. Then, the procedure was repeated 

considering the other cutoff points, obtaining the variables 

“head80”, “head85”, “head90”, and “head95”.

diagt obesity head75

This procedure was used to test the accuracy of the indi-

cator as a predictor of obesity. After this command, the Stata 

returns, among others, the following information: sensitiv-

ity, specificity, and the area under the ROC curve. Then, the 

command was repeated to find these parameters based on 

the other variables (head80, head85, head90, and head95).

spearman obesity head75

With this procedure, the Spearman’s correlation coeffi-

cient between obesity and HHI >75th percentile was identi-

fied. The same was done for the other variables.

The results obtained are shown in Table 1. The value 

corresponding to the 75th percentile was the one that was 

most adequate for the proposed objectives, since it presented 

the best balance between sensitivity and specificity, the larg-

est area under the ROC curve, and the highest correlation 

coefficient.

Given this definition, it was assumed that individu-

als above the 75th percentile of the HHI distribution had 

heads that were disproportionally large in relation to their 

respective height and are referred in this study as high HHI 

or disproportionate individuals. Therefore, HHI >75th per-

centile (fourth quartile) was compared with short stature 

to establish which of these two criteria would be the best 

indicator of undernutrition in early life. This comparison was 

based on the definition of the best ability of the indicator as a 

predictor of conditions such as obesity, high blood pressure, 

dyslipidemia, and high WC. There is ample documentation 

in the literature evidencing that individuals who suffered 

undernutrition in early life are more susceptible to present-

ing such conditions.11–17,35–37

Blood pressure
The blood pressure check was carried out in duplicate, with 

the individual seated and after 15 minutes of rest, with a 

minimum interval of 5 minutes between checks. The digital 

devices used were an Omron brand product (model HEM-

7113). In cases of a difference above 5 mmHg between the 

two measurements, a third check was carried out. In these 

cases, for average calculations, the most discrepant measure-

ment was disregarded.34

Blood pressure was measured in a single moment, and 

the diagnosis of hypertension should be based on readings 

taken on several occasions.38 For this reason, the analyzed 

outcome will be referred as high blood pressure and not as 

hypertension. As performed in this study, many other epide-

miological surveys on blood pressure have used this same 

strategy.12,34,39,40 High blood pressure was defined when the 

mean systolic blood pressure was ≥140 mmHg and/or mean 
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diastolic blood pressure was ≥90 mmHg and/or when the 

participant stated the use of antihypertensive drugs.41

Biochemical data
After 12–14 hours of fasting, capillary whole blood samples 

were collected and immediately assayed using Alere Cho-

lestech LDX System® (Alere Inc, Waltham, MA, USA). This 

equipment was properly certified in regard to its accuracy and 

reproducibility.42 The concentrations of serum triglycerides 

(TG) and low-density lipoprotein-cholesterol (LDL-c) were 

determined. For the interpretation of the results, the cutoffs 

of the new Brazilian Guidelines of Dyslipidemias and Ath-

erosclerosis Prevention (hypercholesterolemia: LDL-c ≥160 

mg/dL; hypertriglyceridemia: TG ≥150 mg/dL) were used 

as references.43

These determinations were performed on a subgroup of 

women established by systematic sampling equivalent to a 

quarter of the total sample.

covariables
During the interview, information was obtained on variables 

that were admittedly associated with the occurrence of the 

dependent variables, which were properly controlled in the 

statistical analysis. The variables analyzed were as follows: 

age, smoking, and education level (assumed to be an indicator 

of socioeconomic level).

Statistical analyses
All statistical analyses were performed with Stata/SE 12.1 

(Stata Corp., College Station, TX, USA). The adherence 

of the data to the parametric assumptions was tested with 

the Kolmogorov–Smirnov test. Continuous variables were 

expressed as the mean ± SD, and differences between groups 

were tested with Student’s t-test (comparing two groups) 

or one-way ANOVA (comparing three or more groups). 

Categorical variables are expressed as percentages and 

compared by chi-squared tests. Pearson’s correlations were 

performed to explore the relationships between continuous 

variables.

The prevalence ratio (PR) and corresponding 95% CI 

were used to estimate the associations of each dependent 

variable (obesity, abdominal obesity, high blood pressure, 

hypercholesterolemia, and hypertriglyceridemia) with the 

independent variables (short stature or high HHI/dispropor-

tionate individuals), both in the crude and adjusted analyses 

by the covariates (age, smoking, and education level). The 

PR was estimated using Poisson regression with robust 

adjustment of variance.

The dependent variables were categorized and analyzed 

according to the interquartile ranges of the respective continu-

ous variables. However, the results were presented only for 

comparisons among women below the 25th percentile (first 

quartile) with those above the 75th percentile (fourth quartile).

In all situations, two-tailed P<0.05 was accepted as sta-

tistical significance.

ethical aspects
This study is part of the II Health Diagnosis of Maternal and 

Child Population of Alagoas State, which was approved by 

the Ethics Committee on Human Research of the Federal 

University of Alagoas (case no 010102/0355). All surveyed 

women were informed about the study objectives, its risks 

and benefits, and expressed their agreement to participate by 

signing an informed consent form.

Results
As shown in Table 2, there were significant correlations 

between systolic blood pressure, BMI, WHtR, LDLc, and 

TG, both with stature (cm) and with HHI. However, the 

correlations with high HHI were stronger in all situations.

Similarly, the data contained in Table 3 also indicate 

a greater strength of association between the dependent 

Table 1 Accuracy of different cutoff points applied to HHI (Head-to-Height Index) in the prediction of obesity

Percentile HHI 
value

Obesity (BMI ≥30 kg/m²)

Sensitivity
(95% CI)

Specificity
(95% CI)

ROC area
(95% CI)

r
(Spearman’s correlation coefficient)

75 1.028 38.2 (35.0–41.5) 80.2 (78.5–81.9) 0.59 (0.57–0.61) 0.19
80 1.036 31.2 (28.2–34.4) 84.4 (82.9–85.9) 0.58 (0.56–0.60) 0.18
85 1.044 24.1 (21.3–27.1) 88.6 (87.2–89.9) 0.56 (0.55–0.58) 0.16
90 1.056 16.7 (14.3–19.3) 92.6 (91.5–93.7) 0.55 (0.53–0.56) 0.14
95 1.072 8.35 (6.6–10.4) 96.3 (95.5–97.1) 0.52 (0.51–0.53) 0.10

Abbreviations: ROC, receiver operating characteristic; BMI, body mass index.
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variables and high HHI when compared to short stature. 

Respectively, the following PRs were observed: obesity: 2.92 

(2.42–3.52) vs 1.28 (1.09–1.50); abdominal obesity: 2.44 

(2.14–2.77) vs 1.71 (1.52–1.92); high blood pressure: 1.64 

(1.35–2.00) vs 1.29 (1.07–1.57); hypercholesterolemia: 3.50 

(1.73–7.10) vs 1.87 (1.04–3.34); and hypertriglyceridemia: 

1.66 (1.20–2.28) vs 1.02 (0.77–1.35). As seen from the 95% 

CIs, all associations were statistically significant, except for 

the prevalence of hypertriglyceridemia among women of 

short stature.

When the PR was adjusted for confounding factors, all 

associations analyzed in relation to women with high HHI 

Table 2 Pearson’s correlation coefficients between the 
dependent variables and the independent variables: stature (cm) 
or Head-to-Height Index

Continuous variables Pearson’s correlation

Stature (cm)a HHI

Systolic blood pressure (mm Hg) –0.10b 0.12b

Body mass index (kg/m2) –0.07b 0.28b

Waist-to-height ratio (WHtR) –0.23b 0.34b

lDl-c –0.08b 0.09b

Triglycerides (TG) –0.09b 0.13b

Notes: aStature ≤153.1 cm (25th percentile), HHI >1.028 (75th percentile); 
bsignificant correlation (P<0.05).
Abbreviation: HHI, Head-to-Height Index; LDL-c, low-density lipoprotein 
cholesterol.

Table 3 Mean (± SD), prevalence, unadjusted and adjusted prevalence ratio (PR) of anthropometric, biochemical, and health variables, 
according to two indicators of undernutrition in early life: head disproportiona and short statureb

Condition Obesity (body mass index, BMI ≥30 kg/m2)

BMI, kg/m2 (mean ± SD) Prevalence (%) PR (95% CI) Adjusted PR (95% CI)

normal head proportion 25.1±5.03 14.76 1 1
head disproportion 29.4±5.83* 43.04* 2.92 (2.42–3.52) * 2.61 (2.17–3.15)*
Normal stature 26.8±5.45 24.58 1 1
Short stature 27.8±5.59* 31.35* 1.28 (1.09–1.50) * 1.09 (0.92–1.28)ns

Condition Abdominal obesity (waist-to-height ratio, WHtR >0.54)

WHtR (Mean ± SD) Prevalence (%) PR (95% CI) Adjusted PR (95% CI)

normal head proportion 0.50±0.07 26.5 1 1
head disproportion 0.58±0.08* 64.5* 2.44 (2.14–2.77)* 2.11 (1.86–2.40)*
Normal stature 0.51±0.08 33.7 1 1
Short stature 0.56±0.08* 57.7* 1.71 (1.52–1.92)* 1.42 (1.27–1.59)*

Condition High blood pressure (systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg 
and/or on antihypertensive medication)

Systolic blood pressure 
(mean ± SD)

Prevalence (%) PR (95% CI) Adjusted PR (95% CI)

normal head proportion 118.3±14.6 15.9 1 1
head disproportion 124.2±19.0* 26.2 1.64 (1.35–2.00)* 1.24 (1.02–1.50)*
Normal stature 119.5±15.2 18.6 1 1
Short stature 123.2±19.8* 24.1 1.29 (1.07–1.57)* 0.90 (0.75–1.08)ns

Condition Hypercholesterolemia (low-density lipoprotein cholesterol, LDL-c ≥160 mg/dL)

LDL-c (mean ± SD) Prevalence (%) PR (95% CI) Adjusted PR (95% CI)

normal head proportion 117.8±26.8 5.1 1 1
head disproportion 127.8±34.5* 17.7 3.50 (1.73–7.10)* 2.98 (1.47–6.05)*
Normal stature 122.4±27.0 8.4 1 1
Short stature 128.3±34.8ns 15.7 1.87 (1.04–3.34)* 1.65 (0.91–2.99)ns

Condition Hypertriglyceridemia (triglycerides, TG ≥150 mg/dL)

TG (mean ± SD) Prevalence (%) PR (95% CI) Adjusted PR (95% CI)

normal head proportion 116.1±65.2 21.9 – –
head disproportion 147.6±87.5* 36.3* 1.66 (1.20–2.28)* 1.47 (1.07–2.03)*
Normal stature 130.8±81.3 32.5 – –
Short stature 144.2±84.7ns 33.2ns 1.02 (0.77–1.35)ns 0.91 (0.69–1.21)ns

Notes: *Significantly different (P<0.05) from the respective comparison group (normal head proportion or normal stature), according to Bonferroni’s test. ahead 
disproportion was defined by Head-to-Height Index (HHI) >75th percentile; normal head proportion was defined by HHI ≤25th percentile. bShort stature was defined by 
height 25th percentile; normal stature was defined by height >75th percentile.
Abbreviation: ns, not significant.
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remained statistically significant. On the other hand, for 

women of short stature, the statistical significance was lost 

for all outcomes, except for abdominal obesity. Comparing 

high HHI with short stature, the PRs (and 95% CI) obtained 

for the outcomes analyzed were, respectively: obesity: 2.61 

(2.17–3.15) vs 1.09 (0.92–1.28); abdominal obesity: 2.11 

(1.86–2.40) vs 1.42 (1.27–1.59); high blood pressure: 1.24 

(1.02–1.50) vs 0.90 (0.75–1.08); hypercholesterolemia: 2.98 

(1.47–6.05) vs 1.65 (0.91–2.99); and hypertriglyceridemia: 

1.47 (1.07–2.03) vs 0.91 (0.69–1.21).

Discussion
Obesity, abdominal obesity, high blood pressure, and dys-

lipidemias constitute important risk factors for cardiovas-

cular diseases, which are the leading causes of mortality 

worldwide.34 All of these conditions are recognized as more 

prevalent in individuals who suffered undernutrition in early 

life.11–16,21 The present study reiterates the pertinence of this 

statement, however, using the model of body disproportional-

ity, which considers that under adverse nutritional conditions 

in the early stages of growth and development, brain growth 

is less affected than body growth.23–27,44

Barker et al25 reported that studies of fetal blood flow in 

animals have shown that in response to hypoxia there is a 

redistribution of fetal cardiac output, which favors the perfu-

sion of the brain. Results obtained in their studies25 demon-

strated that greater placental weight at any birth weight was 

associated with lower length to head perimeter ratio. They 

argued that such disproportionate growth is consistent with 

diversion of blood away from the trunk in favor of the brain. 

This would be one of the plausible mechanisms to explain 

how the organism, under nutritional stress, would spare the 

cerebral growth in detriment of the corporal growth.

Therefore, there is consistency in the proposition that 

a disproportion between head size and respective height 

is an indicator of undernutrition in early life and that such 

disproportionate individuals would be more susceptible to 

chronic diseases in adulthood. However, it is not the purpose 

of this publication to discuss the mechanisms that lead to this 

greater susceptibility. Such discussion is available in several 

other papers.4,45–47

In cross-sectional epidemiological studies involving adult 

population, undernutrition in early life has been identified 

on the basis of retrospective data on low birth weight. When 

information is obtained by interview, the birth weight is not 

always available or reliable. Then, current short stature has 

been used as an indicator of malnutrition in early life, because 

statural deficit, at population level, is an indicator of chronic 

malnutrition in the growth phase.3,4,15,47 The data now presented 

show that, although pertinent, some classification errors occur 

when using this approach. We believe that the main reasons for 

this would be the short stature not related to malnutrition, like 

that of hereditary origin. Then, individuals who did not suffer 

malnutrition early in life are classified as such, and thus are 

incorrectly considered to be at greater risk for chronic diseases. 

In studies where this condition occurs, this fact weakens the 

associations or even shows no association with the outcomes 

analyzed. This may explain the fact that, in the adjusted 

analysis conducted in this study, the associations between short 

stature and obesity, high blood pressure, hypercholesterolemia, 

and hypertriglyceridemia lost statistical significance.

In contrast, all of these associations were maintained 

when the low stature indicator was replaced by high HHI, 

evidencing the greater accuracy of this last parameter as 

indicator of undernutrition in early life.

The data used in the present analysis were obtained from 

a sample composed exclusively of women, which makes 

extrapolations for male counterparts problematic. However, 

all assumptions considered in the design of the now proposed 

indicator (brain-sparing effect against malnutrition during 

growth phases, greater susceptibility to chronic diseases 

presented by individuals who suffered malnutrition in early 

life) are also true for men, as evidenced in the literature.48,49

From conception to the first 2 years of life, the head is the 

part of the body that grows fastest, reaching more than 80% 

of the final size reached in adulthood.50,51 Nevertheless, head 

circumference is the anthropometric measure least affected by 

nutritional insults in early life when compared to weight and 

height, independent of ethnic and geographical differences.52

In this study, women whose height was ≤153.1 cm were 

considered to be of short stature. This cutoff corresponds 

to the –1.54 z-score of the distribution of height-for-age 

for women at 19 years of age, according to anthropometric 

reference data from the World Health Organization. On the 

other hand, the height corresponding to the 75th percentile 

(161.0 cm) cutoff point, applied to the investigated sample to 

designate women of normal height, corresponds to a –0.33 

z-score (percentile 6.2) of the WHO reference distribution. 

In this reference, the height corresponding to the median is 

163.2 cm, while 167.6 cm corresponds to the 75th percentile. 

These data reveal a significant left shift in the distribution 

of height of the studied women, probably as a consequence 

of the cumulative effect of malnutrition incidence on these 

women and their ancestors. As already mentioned, in 1989, 

the prevalence of chronic undernutrition in pre-school chil-

dren in Alagoas was higher than that observed in other Bra-
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zilian states of better socioeconomic conditions.7 Therefore, 

the height of adults in Alagoas is below the median of the 

Brazilian population.10 Populations with such characteristics, 

that is, with a history of chronic malnutrition, are more suit-

able for studies on the effects of malnutrition in early life.

In this case, the data now presented suggest that high 

HHI has more validity as the intended indicator than short 

stature. While short stature may be merely due to genetic 

determination, body disproportionality is due to metabolic 

adaptations to malnutrition.28

Therefore, it is proposed that, instead of short stature, 

the HHI Index >75th percentile be used as an indicator of 

undernutrition in early life. This recommendation is relevant 

for population-based studies involving adult individuals for 

whom reliable information about birth weight and/or nutri-

tional status in the perinatal period is not available.

Its application may be useful in studies that aim to 

understand the impact of metabolic programming, that is, 

the long-term effects resulting from malnutrition in early 

life, as well as for the planning of interventions, especially 

those performed during the so-called window of opportuni-

ties. In addition, HHI could be used as a screening method, 

especially for those individuals who have not yet developed 

obesity, allowing a timely intervention to minimize excess 

mortality from cardiovascular diseases.

There is strong evidence that the first 1,000 days of life 

characterize a window of opportunities for interventions for 

the promotion of infant nutrition and health, constituting 

a way of effectively breaking the intergenerational cycle 

of chronic malnutrition, fetal programming, and its conse-

quences related to metabolic disorders in adult life, especially 

in the context of less developed countries.53,54
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