
Early growth faltering in healthy term infants predicts longitudinal
growth

Erin S. Ross, Ph.D. and Nancy F. Krebs, M.D.
Section of Nutrition, Department of Pediatrics, School of Medicine, University of Colorado Denver

A. Laurie W. Shroyer, Ph.D.
Research and Development Office, Northport VAMC, Northport, NY Division of Evaluative Sciences,
Department of Preventive Medicine, Stony Brook University, Stony Brook, NY

L. Miriam Dickinson, Ph.D.
Biometrics and Preventive Medicine Department University of Colorado Denver

Paul H. Barrett, M.D.
Clinical Research Unit, Kaiser-Permanente of Colorado

Susan L. Johnson, Ph.D.
Section of Nutrition, Department of Pediatrics, School of Medicine, University of Colorado Denver

Abstract
Background—Early growth monitoring may not identify infants at-risk for later growth faltering
because it is difficult for the provider to recognize how large of a negative shift might be problematic.

Aim—The aim of this study was to determine whether a slowing in early weight-for-age could be
used to identify children at increased risk of later growth faltering.

Methods—Longitudinal data for infants aged birth to two years were analyzed for 1978 healthy,
term infants born between 1999-2001. Logistic regression techniques were used to determine whether
a negative change in weight-for-age, across well-child visit intervals, can identify infants at risk for
growth faltering.

Results—The period prevalence of underweight was 24%. The odds ratio (OR) for infants with a
negative shift in z-scores ≥ -0.85 between four and six months was 2.4 (95% CI 1.5, 3.9) compared
to those without this shift, holding birth weight constant. Sensitivity analyses revealed the model was
significant when either the 2000 CDC growth charts (p<.0001) or the 2006 WHO growth charts (p<.
0001) were used as the reference, although the prevalence of underweight was lower (14.7%) when
the 2006 WHO growth charts were the reference.

Conclusion—The findings support the hypothesis that a downward shift in weight-for-age of this
magnitude during early infancy when well-child visits are most frequent can be used to identify
children at-risk of later poor growth.
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INTRODUCTION
Growth monitoring is an integral part of routine well-child visits designed to monitor health
and development. Yet there are few data to suggest that it is effective in identifying infants and
young children early in the course of growth faltering (1-3). Growth often begins to slow in
the first 6 months of life in infants later diagnosed with growth faltering (4); this is the same
time interval when well-child visits are most frequent, allowing multiple opportunities to
identify slowing growth in infants who later become underweight. However, Chen and
colleagues (2000) found that in 55% of the charts they reviewed, a growth perturbance was
either not identified or not documented (2). In a busy clinical practice, practitioners need a
method of identifying those infants whose growth may indicate a need for further probing of
feeding interactions.

One reason growth monitoring may be ineffective in identifying growth faltering is the fact
that many infants cross percentile channels (both up and down) on the growth chart, making
it difficult for the primary care provider to accurately identify those infants whose growth is
problematic (5). Identifying percentiles that are shifting away from the mean may be useful as
an early prognosticator for growth perturbations. However, a defined or recognized rate of
deceleration that is indicative of increased risk of adverse outcomes and that is easily
implemented into clinical practice is lacking. A standard of growth velocity for identification
of infants who are at risk for later growth faltering may be advantageous.

The goal of the research was to identify whether early deceleration in weight gain could be
used to predict subsequent early childhood growth faltering. The authors endeavored to identify
a level of slowed weight-gain that is predictive of reaching a weight-for-length ≤ 5th percentile,
using information gathered during regularly-scheduled well-child visits between two and six
months of age. The age interval of four-to-six months was chosen initially because it reflects
the typical timing of well-child visits and there are a number of developmental changes related
to feeding skill development and changing nutritional requirements that could influence growth
(6,7). Additionally, there are data that suggest weight gain prior to six months of age is
predictive of increased risk of overweight (8-10). The authors tested the hypothesis that a
change in weight-for-age in a negative direction of more than -0.85 standard deviation between
the four and six month well-child visit was predictive of a child reaching a weight-for-length
ratio ≤ the 5th percentile (“underweight”) at some point during the first two years of life. A
negative change of more than -0.85 was chosen a priori based upon data published by Mei and
colleagues (2004) that suggested approximately 17% of infants demonstrated a negative change
in weight-for-age ≥1 standard deviation between birth and six months of age, and this study
was examining a shorter time interval. A second hypothesis tested was whether a similar change
in the two-to-four month time period would be equally predictive, as we were interested in
finding the earliest time interval useful for prognostic purposes. We conducted sensitivity
analyses to determine the effect of the growth reference (2006 WHO vs. 2000 CDC) on the
robustness of the model.

METHODS
This study was a secondary database analysis of healthy, term infants born in the years
1999-2001, who were served by a private comprehensive health care system for the first two
consecutive years of life. Weights, lengths and demographic information were extracted from
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the electronic medical record database. Inclusion criteria consisted of term gestation (≥37
weeks, ≤ 42 weeks), birthweight >2.5 kg, no known prenatal exposure to alcohol or illicit drugs,
and an initial hospital stay of ≤ four days. Infants were excluded if they were born with any
known, documented congenital or genetic defects or if there was any documented indication
of gestational diabetes in the mother. Additionally, because this was a longitudinal study of
growth, infants were excluded if they did not maintain enrollment in the health care system for
the first two years of life, with an allowable lapse in membership of ≤ 45 consecutive days.
Diagnostic codes used by the primary care provider within the first 4 months of life that may
be associated with feeding and/or growth problems (e.g., V55.0, Attention to Tracheostomy)
were applied to eliminate potential confounding variables. Infants with a birthweight >4.2 kg
were then eliminated from analysis to control for regression to the mean, resulting in a dataset
with birthweights >5%tile and <95%tile. Figure 1 details the development of the database.

This study was approved by the Colorado Multiple Institutional Review Board and received
approvals for waiver of informed consent and HIPAA waiver for authorization (COMIRB
05-1055). This study was also approved by both the Research Review Committee and the
Institutional Review Board for the health care system that held the database, with similar
waivers (CO-05SPharo-01.)

All statistical analyses were conducted using SAS version 9.1, Windows XP Platform. An
alpha level of 0.05 was set for all models. The authors obtained weight-for-age (WAZ), length-
for-age (LAZ), and weight-for-length ratio (WLZ) z-scores, stratified by sex using the Epi Info
Version 3.3 program based upon the 2000 CDC Growth Charts, and using the Epi Info Version
3.4.3. program based upon the 2006 WHO Growth Charts. Infants with values that were
classified as “biologically implausible (coded BIV)” by the CDC software (n=326) were
eliminated from the analysis to control for data entry errors, as were infants whose birthweight
was > 4.2 kg (n=82). Infants were eliminated from analysis if they did not have at least two
weights collected between 105 and 210 days of age (n=1016), because the difference in WAZ
standardized percentile scores (z-scores) during this time period was the predictor for the first
hypothesis. Infants who had a WAZ ≤ -1.67 (≤ 5th percentile) prior to 180 days of life were
eliminated from further analysis to control for infants who already met the case criterion prior
to the latest time period used as the predictor (six months of age, n=325.)

The predictor variable was defined as a change in WAZ between the first and the last weights
collected within the four-to-six month time period (primary hypothesis) or within the two-to-
four month time period (secondary hypothesis.) Weight-for-age was chosen over weight-for-
length as the predictor variable because weight is the most accurately collected anthropometric
measurement in the infant under one year of age (11,12). The predictor variable was created
by subtracting WAZ1 (the first WAZ collected) from WAZ2 (the last WAZ.) A negative value
implies a deceleration in weight-gain velocity; a positive value implies accelerated weight-
gain velocity. The predictor criterion was a negative change in the WAZ of more than -0.85.
Weights collected from three and one-half to seven months of age were accepted for the change
in weight during the four-to-six month time period, and weights collected from one and one-
half to five months were accepted for the two-to-four month time period. The outcome variable
was the lowest WLZ recorded during the time periods of 7-12, 12-18, or 18-24 months of age.
WLZ is preferred as the indicator for underweight by the CDC, the World Health Organization
(WHO), and the American Academy of Pediatrics (AAP) (13). Weight-for-length ratio is also
the most reflective of a nutritional deficit (underweight); therefore, it can prompt a nutritional
intervention. The authors decided to use the lowest WLZ, reflecting the a priori determination
that one instance of a WLZ of ≤-1.67 resulted in becoming a case.

For each predictor time period (four-to-six months or two-to-four months), the most extreme
values of change in WAZ for the entire cohort (<1%, >99%) were further eliminated to adjust
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for potential data entry errors, resulting in a total of 1939 infants in the four-to-six month time
period and a total of 1900 infants in the two-to-four month time period. Period prevalence was
calculated for 7-12, 12-18, and 18-24 months of age, and for the aggregate time period, and
compared with published prevalence rates for the United States in the year 2000 (14). Means
and standard deviations were calculated for age in months, length in centimeters, and weight
in kilograms for each time period of interest. The cohort was then stratified categorically by
birth weight (2.5 kg to < 2.75 kg, ≥2.75 kg to < 3.0 kg, ≥3.0 kg to ≤ 4.0 kg (REFERENCE),
and >4.0 kg to ≤ 4.2 kg) to assess the influence of birth weight on becoming a case. The
reference category was chosen as it included roughly the middle 50% of the birth cohort.

The authors used logistic regression analyses to determine whether a rate of deceleration in
WAZ (negative change in z-score) of ≥ -0.85 during the four-to-six month time period was
associated with an increased risk of underweight in the first two years of life, after adjusting
for birth weight. The covariates of birth weight category, a negative change in z-score of ≥
-0.85, and the interaction term (birth weight category*change in z-score) were entered and
tested for significance, using the -2 log likelihood test (15). We then assessed the time period
of two-to-four months as a predictor, using the same logistic regression modeling techniques.
The 95% confidence intervals for the c-statistics for each of the logistic regression models for
the two predictor time periods were then compared to determine whether one time period was
a better predictor of growth faltering than the other time period. Odds ratios and 95%
confidence intervals, as well as relative risks, are reported.

Post-hoc sensitivity analyses were conducted to determine both the effect of exclusions that
limited the final cohort, and the effect of a-priori decisions on the study results. The primary
analyses were run using the full cohort (n=3727). Alternate thresholds were tested for the
predictor variable (change in WAZ).and the outcome criterion of ≤ 5th percentile in weight-
for-length was altered to both a weight-for-length ≤ 3rd percentile, and to weight-for-age
percentiles ≤ both the 5th and 3rd percentiles. To assess the influence of errors in length
measures, we conducted a sensitivity analysis subtracting 1.3 cm from all of the lengths
originally recorded. Lipman and colleagues (2004) found that length measurements collected
as part of routine care in pediatric practices were inaccurate by an average of 1.3 cm (16).
Additionally, feeding regimen (breastmilk vs. formula and introduction of solid foods) was
unavailable in this dataset. Therefore, we used the WHO growth charts in place of the CDC
growth charts as reference to calculate WAZ and WLZ scores to determine whether the feeding
regimen might influence our findings. The WHO growth charts represent the longitudinal
growth of breastfed infants, while the CDC growth charts were developed using cohorts that
were primarily formula-fed (17). We compared prevalence rates as well as the efficacy of using
a negative change in weight-for-age as a predictor of later growth faltering.

RESULTS
Table 1 describes the maternal and infant demographic characteristics of those infants included
in the analysis. To examine the potential bias created by limiting the initial birth cohort, the
characteristics for full received cohort (FRC, n=3727) as well as the cohort used for final
analyses (FC, n=1978) were compared to the 2000 census data published for the State of
Colorado to determine how similar the infants were to those born within the state during the
same time period. The infants in the FC were similar in all areas to those excluded (n=1729)
from the FRC, with the exception of a greater frequency of first-time pregnancy in the mothers
of infants included in the final analysis. The infants in the FC were within two percentage
points to the published census data for distribution of sex and delivery method, and within
three percentage points for distribution of the age of the mother, parity and number of singleton
and twin births. Race/Ethnicity of the mother was not reported for 8.6% of the FC, which may
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have contributed to the lower than expected number of mother identified as Hispanic (15.9%
vs. 27.2% in the census data.)

Table 2 shows the period prevalence of underweight for each time period of interest, and for
the entire time period using the 2000 CDC growth chart as a reference. Table 3 presents means
and standard deviation for age in months, length in centimeters, and weight in kilograms,
stratified by caseness within each time period. The period prevalence of underweight was
higher than expected for all time periods when compared with the expected prevalence rate
published for the United States (14). Sensitivity analysis revealed that, even when the criterion
to become a case was changed to define underweight as a WLZ ratio ≤ -2.0 (≤ 3rd percentile),
the prevalence remained elevated (16.1% (p<0.0001)). We conducted an additional sensitivity
analysis using the entire cohort (n=3727) to explore the influence of excluded infants on the
overall prevalence rate. The prevalence rate of underweight remained elevated in the entire
cohort (n=3727) using a WLZ score ≤ -1.67 (21.47%); weight-for-age z-score of ≤ -1.67 was
14.5% for the entire cohort.

A greater percentage of infants with a birth weight of less than 3.0 kg reached case criterion
than did infants with heavier birth weights, with 35% of infants (131/372) with a birthweight
< 3.0 kg meeting case criterion compared to 21% of infants (327/1157) weighing ≥3.0 kg to ≤
4.0 kg at birth, and 10.8% of infants (9/83) with a birthweight >4.0 kg and ≤ 4.2 kg.

Using the -2 log likelihood test, birth weight category entered into the model (p< 0.0001.) A
negative change in z-score ≥ -0.85 was also significant (p < 0.0019.) The interaction term (birth
weight*change in z-score) was not significant when it was entered into the model along with
birth weight and the negative change in z-score, and therefore was dropped from the final
model. The odds ratios and the 95% confidence intervals of becoming a case for infants with
a negative shift in WAZ score ≥ -0.85 during the four-to-six month age range, stratified by
birth weight, are reported in Table 4, along with relative risks. Table 5 presents the sensitivity,
specificity, and area under the curve (AUC) from ROC analyses conducted using the predictor
cut-off of a negative shift in WAZ score ≥ -0.85 during the four-to-six month age range, for
the entire cohort as well as stratified by birth weight.

We then tested the hypothesis that change in WAZ during the time period of four-to-six months
was more predictive than the time period of two-to-four months. The negative change in WAZ
as a predictor was statistically significant (P=0.0069) during the period of two-to-four months,
and therefore the authors compared the c-statistics for the logistic regression models. Because
the confidence intervals overlapped (0.607, 95% CI 0.576, 0.637 for the two-to-four month
period; 0.610, 95% CI 0.581, 0.639 for the four-to-six month period), the two time periods
were not statistically different in their ability to identify infants at increased risk for growth
faltering, suggesting that either time period can be used when the 2000 CDC growth charts are
the reference.

The sensitivity analyses revealed that this model was robust under a variety of conditions.
Using a more conservative definition of underweight (WLZ ≤ -2.0), the model with both
birthweight and a negative change in WAZ of more than -0.85 between four and six months
of age was still statistically significant (p<.0001). We changed the predictor variable to a
negative change in WAZ of more than -0.50 between four and six months of age and the model
remained significant (p<.0001). After subtracting 1.3 cm from the length of every measurement
and re-calculating z-scores, overall prevalence of a WLZ of ≤-1.67 dropped to 14.7% across
the 7-24 month time period, but the model was robust (p<.0001)

The final sensitivity analyses were conducted using the 2006 WHO growth charts in place of
the 2000 CDC charts. The overall prevalence of a WLZ ≤ -1.67 dropped to 14.7%, which
remained significantly elevated over expected (p<.0001). The model including birthweight and
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change in WAZ between four and six months of age remained significant (p<.0001), and the
odds ratio remained elevated (adjusted OR 3.3). A similar change in WAZ between two and
four months of age was not predictive of later underweight when the WHO growth charts were
used.

DISCUSSION
This study provides evidence that early deceleration in weight-gain is useful in identifying
infants who later become underweight. Infants whose WAZ dropped more than -0.85 standard
deviations between either the two-to-four month or four-to-six month intervals were at
increased risk of reaching underweight status by 24 months of age compared to those with a
more modest change. This study also demonstrated that this drop in weight-for-age (≥ -0.85
sd) is predictive as early as two-to-four months when the 2000 CDC growth charts are the
reference, and the sensitivity analyses supported the robust nature of this model. Because of
this, a provider may consider probing for additional information from families whose infants
are demonstrating early negative shifts in weight-for-age percentiles. In addition, the provider
should be mindful of the need for careful assessment of growth measures at subsequent visits
and consider an early intervention in order to improve nutrition and growth outcomes. The cut-
off level provided in this methodology resulted in a low sensitivity (0.06) and a high specificity
(0.97). Providers can feel confident that the extra time spent providing nutritional guidance to
the parents of a child whose WAZ shifts to this degree is directed towards those most at-risk
of reaching an underweight status. The cut-off level can be set by each provider to best balance
the sensitivity and specificity within their own practice. We chose to keep this cut-off given
the high specificity of the results, because this was meant to be a screening that assists the
provider in identifying those infants for whom it would be helpful to explore nutritional issues
even if parental anxiety might be raised. The AUC was greater than 0.5, but it was not very
large (0.615 for the infants born <3.0 kg, and 0.619 for infants ≥ 3.0 kilograms at birth). This
methodology may be useful in assisting a care provider, when considered along with clinical
factors including previous growth history, nutrition, and overall development. Additionally,
because change in growth velocity can be automatically calculated in the study system by using
the anthropometric indicators already collected as part of routine well-child visits, the resource
investment is minimal. Within each population, the provider would need to determine baseline
prevalence rates and determine whether a high sensitivity, or high specificity would be
preferable.

This study revealed a significantly higher prevalence of underweight than expected (24% of
the total cohort.) This was an especially surprising finding given the population studied was
adequately insured, one identified barrier to accessing care. There are several possible factors
that may have contributed to this high prevalence. We conducted sensitivity analyses to
determine the effect of both exclusions and outcome criterion to explore the reasons why the
prevalence was elevated. This study used a period prevalence, and allowed a single instance
of meeting case criterion to be sufficient. There were repeated opportunities (up to three) to
identify underweight.

Another factor that may have contributed to the elevated prevalence rate is the use of a single
criterion (a weight-for-length z-score ≤ -1.67) rather than multiple criteria to define
underweight. In a recent study by Olsen and colleagues (2007), 27% of their birth cohort
(n=6090) met at least one criterion for growth faltering between 2 and 11 months of life,
although there was little concurrence among the seven criteria used in their study (18). The
WLZ is recommended by the WHO, the CDC, and the AAP, although the number of children
identified as underweight using this criterion may differ from the number that might be
identified by a different criterion. Sensitivity analyses revealed that 12.73% of infants had a
WAZ ≤ -1.67, which is still significantly elevated compared to expected (P<.0001). Clinically,
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more than one measure of poor growth is conventionally used to identify growth faltering.
However, the study was designed to provide an early indicator to assist the care provider in
identifying at-risk infants rather than to provide a diagnosis. In a busy practice, the assistant
who typically plots the weight and length on a growth chart can flag those infants whose growth
is slowing, so that the care provider can ask additional questions to determine whether further
investigation is warranted.

Measurement error in length could also contribute to the elevated prevalence of underweight,
as the collection of length data was not standardized and accuracy of the measurements is
unknown. Subjects would generally have been measured in the same clinics over the study
period; however, an over-estimation of length would increase the number of infants identified
as underweight (19). Sensitivity analyses revealed the prevalence of underweight remained
elevated when length was reduced by 1.3 cm (14.7%), and the model remained robust (p<.
0001).

Additional factors influencing the high prevalence outcome include the possible influence of
altitude and feeding regimen, and the influence of the media attention on obesity. There are
data that suggest lengths of infants at high altitude are shorter than same-age peers (“stunting”)
(20), although there are no data that have directly shown poor weight gain related to altitude.
Because this study was conducted with infants born at an altitude > 5000 feet, the bias due to
impact of altitude on the primary outcome would have been toward fewer cases. Nevertheless,
replication of observations in a similar population born and reared at a lower altitude would
be useful.

The authors had no information on the composition of the diet for the infants in the cohort
which may have a bearing on the prevalence rate. Data have suggested infants who are
exclusively fed breast milk gain weight at a different rate than the national references
(21-23). Colorado has a high breastfeeding initiation rate (83.3%-84.8% in the years
1999-2000) although the rate decreases by 6 months of age (39.2-44.4%) (24). This study used
the 2000 CDC growth charts because clinically they are common in the United States and were
in use during the study period; fewer infants were categorized as underweight when the 2006
WHO growth charts designed for breastfed infants were used as the reference. This finding is
similar to that reported in other studies comparing prevalence of underweight across the 2000
CDC and the 2006 WHO growth charts(17). The model including birthweight and change in
WAZ between four and six months remained robust using the WHO growth charts (p<.0001).

Finally, while obesity remains a public health concern, thinness may be tolerated at a higher
prevalence rate due to heightened concerns about later obesity. Parents may not be concerned
about low weight gain because they are inundated with messages about obesity. Studies also
have suggested parents demonstrate a poor ability to visually identify either thinness or
overweight status in young children (25).

An additional finding was that infants with lower birth weight were at increased risk of
underweight than were infants with a heavier birth weight. This finding supports previously
published data regarding slower weight-gain in low birth weight infants (26-28). However, the
infants in the current study were > 2.5 kg at birth and were term gestation, and no infant had
a weight-for-age ≤ -1.67 between birth and 180 days. Infants who are > 2.5 kg are not considered
low birth weight, but this study suggests they are still at increased risk of growth faltering,
supporting the need for close monitoring of growth for these marginally average-for-gestational
age (AGA) infants.

Strengths of this study include the large sample size as well as the fact that longitudinal
measurements of growth were available for the first two consecutive years of life. Additionally,
the infants in the cohort were selected based upon inclusion criteria designed to focus on healthy
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term infants. This is in contrast to many studies of growth in ill or hospitalized infants and/or
preterm infants (28-31). This population was also born within a three-year period; therefore,
temporal changes in clinical and feeding practices were likely minimal. Finally, these infants
were all served by a comprehensive, private health care system. While socio-economic
information was not available, the cohort represents a population covered under private health
care rather than the public health communities often enrolled in studies of infants at-risk for
growth faltering (31). Few data have been published on cohorts of privately insured infants,
where the assumption is made that access to care is not a barrier.

Weaknesses of this study include possible under-representation of specific ethnic/racial
minorities, although the percentage of Caucasian infants in the cohort was similar to the
percentage reported during the 2000 U.S. Census for the state of Colorado (64.8% vs. 63.9%).
Racial/ethnic background was not reported for 8.6% of the cohort. An additional concern
regarding generalization of findings is the fact that the cohort for analyses (n=1978) was
significantly smaller than the original birth cohort (n=12,362.) The majority of infants lost to
follow-up were lost due to a change in insured status within this HMO (n=5656) or prematurity/
low birth weight (n=1489). There may have been an unmeasured or unidentified bias introduced
during the data exclusion process. The infants in the final cohort were similar in demographic
characteristics to both those infants excluded during the analysis and to those infants born in
the state of Colorado during the year 2000. In addition, the lack of developmental and health
outcome data limit these findings to describing underweight status. And finally, the lack of
information regarding feeding regimen (breast milk or formula, and complementary and
weaning foods) is an additional weakness. However, we re-ran the analyses using the WHO
growth charts in an attempt to determine the influence of feeding regimen on the model, and
found the model to be robust when using the 4 to 6 month time period as a predictor. In future
studies, the authors would like to apply this standard of weight-for-age deceleration while
collecting weights and lengths by trained research staff, and where data are collected regarding
feeding regimen.

Application of this weight-for-age deceleration standard can assist both the researcher and the
clinical provider in identifying infants at-risk for growth faltering as early as the interval
between four and six months of age, regardless of the growth chart reference used by the
clinician. Identifying at-risk infants is imperative in designing prospective research studies. In
the clinical setting, healthcare providers may scrutinize early growth patterns more closely and
use this standard to interpret changes in growth percentile channels. Growth monitoring is a
screening tool, inexpensive and readily available. In the sites used for this current study, the
weights and lengths are plotted automatically using a nutrition program from the CDC, called
Epi Info Nutrition. Weight-for-age, length-for-age, and the weight-for-length ratio percentiles
and z-scores can be requested easily using this computer program. The change in z-scores can
be quickly calculated once the z-scores are obtained using this public domain program. Given
the higher than expected prevalence rate of underweight found in this population, the methods
described in this study (combined with ROC analyses) should be replicated in additional
populations to determine the best cut-off score for identifying early growth faltering in that
population.

Early evidence of growth faltering should trigger additional questions and possibly assessment
of an infant's health and development, and feeding patterns. With the expense that is incurred
by families whose children demonstrate poor growth and feeding habits in their toddler and
preschool years, this screening measure is an inexpensive way to begin identifying those infants
who may benefit from anticipatory guidance from their primary care provider.
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Figure 1. Database development
Database of Weights and Lengths for 3727 Infants Delivered to Study Team
IDM: Infant of a Diabetic Mother
LOS: Length of Stay
WAZ: Weight-for-Age Z-Score
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Table 1
Demographic Characteristics of Infants Included in the Database Analysis (FC), compared to the Full Received Cohort
(FRC) and the census data for the State of Colorado, 2000.

Characteristic Final Cohort (n=1978) Full Received Cohort
(n=3727)

Colorado 2000* (n=65,429)

n (%) (%) (%)

Sex:

Male 1036 52.4 51.8 51.2

Female 942 47.6 48.2 48.8

Race:

Asian or Pacific Islander 105 5.3 4.6 4.2

Non-Hispanic Black 107 5.4 5.3 4.6

Hispanic 314 15.9 16.1 27.2

Non-Hispanic White 1281 64.8 65.5 63.9

Unknown 171 8.6 8.5 0

Maternal age:

Young (<20) 83 4.2 4.8 7.5

Mid (≥ 20, ≤35) 1512 76.44 76.2 74.2

Older (>35) 383 19.36 18.9 18.3

Parity

0 864 43.7 40.0 42.1

1 719 36.3 37.0 32.7

2 269 13.6 16.0 15.9

3 93 4.7 5.0 6.1

>3 33 1.7 2.0 3.3

Singleton 1960 99.1 99.0 97.0

Twin 18 0.9 1.0 3.0

Delivery method:

C-section 339 17.1 16.8 18.3

Vaginal 1639 82.9 83.2 81.7
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Table 2
Period Prevalence of Underweight Stratified by Sex, Time Period

Number of children with a weight/
length ratio during each time
interval

Cohort (N=1939) Expected Prevalence (5.4%)*

N = Case in Time Period Period Prevalence z-statistic

6-12 mo of age (N=1684)

Male (N=888) 136 15.3 13.07

Female (N=796) 121 15.2 12.23

12-18 mo of age (N=1569)

Male (N=827) 118 14.3 11.28

Female (N=742) 122 16.4 13.31

19-24 mo of age (N=1549)

Male (N=813) 103 12.7 9.17

Female (N=736) 104 14.1 10.48

Total cases within the 6-24 month
interval (N=1939)

Male (N=1014) 235 23.2 25.04

Female (N=925) 232 25.1 26.48

Total 467 24.0 36.40
*
All time periods p< 0.0001 compared to 5.4% prevalence of underweight nationally, Pediatric Nutrition Surveillance Report, 2002.
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Table 4
Relationship of Change in Weight-for-Age and Odds of Becoming a Case, Stratified by Birthweight Category, 4-6
Month Time Period (n=1939)

Parameter Odds Ratio 95% CI Relative Risk 95% CI

Only Birthweight (kg) category in model*

<2.75kg 2.13 1.4, 3.3 1.25 1.1, 1.5

≥2.75kg, <3.0kg 1.85 1.4, 2.4 1.19 1.1, 1.3

≥3.0kg, ≤4.0kg (Reference) 1.0 -

>4.0kg, ≤4.2kg 0.43 0.2, 0.9 0.88 0.8, 0.9

Only Negative Change in WAZ score ≥ -0.85 in the model** 2.17 1.3, 3.5 1.28 1.1, 1.5

Both BW and Change WAZ in model*

BW<2.75kg 2.19 1.4, 3.3

BW ≥2.75kg, <3.0kg 1.90 1.4, 2.5

≥3.0kg, ≤4.0kg (Reference) 1.0

BW >4.0kg, ≤4.2kg 0.42 0.2, 0.9

Negative Change in WAZ score ≥ -0.85 2.39 1.5, 3.9
WAZ = weight-for-age z score

*
p<0.0001;

**
p=0.0019
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Table 5
Sensitivity, Specificity, and Area under the ROC curve by category of birthweight using a negative change in WAZ
of ≥ -0.85

Birthweight category Sensitivity (95% CI) Specificity (95% CI) Area under Curve (AUC) p-value

Aggregate cohort 0.06 (0.04, 0.09) 0.97 (0.96, 0.98) 0.611 p< .0001

< 3.0 kilograms 0.02 (0.0, 0.07) 0.98 (0.96, 1.0) 0.615 p= .0004

≥3.0 kilograms, < 4.2 kilograms 0.07 (0.05, 0.10) 0.97 (0.96, 0.98) 0.619 p< .0001
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