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Abstract

Infant rapid weight gain (RWG) may predict subsequent obesity, but there are inconsistencies in 

the growth references and age intervals used for assessment. This study evaluated whether the 

prevalence of RWG (an increase of > 0.67 in weight-for-age z-score) differed by growth reference 

(2006 WHO standards vs. 2000 CDC references) and age interval of assessment (0–3, 0–6, 6–12 

and 0–12 months). Pooled data from singleton term infants from two observational studies on 

maternal mood disorders during pregnancy were used (n=161). Differences in RWG prevalence by 

growth reference and age interval were tested using Cochran’s Q and McNemar’s tests. The CDC 

reference produced a higher RWG prevalence (14% of infants additionally categorized as RWG, 

p<0.0001) within the 0–3 month age interval compared to the WHO standards; this pattern was 

reversed for the 6–12 and 0–12 month intervals. RWG prevalence did not differ across age interval 

within the WHO standards, but did differ with the CDC references (range: 22% for 0–3 months, to 

4.2% for 6–12 months, p<0.0001). Caution is advised when comparing studies with different 

criteria for RWG. Future studies should use the 2006 WHO standards and a consistent age interval 

of evaluation.
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INTRODUCTION

Childhood obesity may be caused in large part by risk factors experienced in utero and in 

infancy, resulting in early infant growth patterns associated with future obesity and related 

chronic disease (Gillman, 2005; Sinclair et al., 2007; Hanson & Gluckman, 2008). Potential 

pathways include the influences of maternal nutrition and hormones on child metabolism, 

gene expression, and related growth and development (IOM, 2009; Gillman et al., 2006; 

Gluckman & Hanson, 2008; Gluckman et al., 2011; Sullivan & Grove, 2010; Sibley et al., 

2010). These findings, combined with strong evidence for the tracking of obesity from 

childhood into adulthood (Singh et al., 2008) provide a powerful argument for early 

intervention.

Infant rapid weight gain (RWG) is a growth pattern of concern that could be used for the 

early identification of children at increased risk for later obesity. Multiple studies have 

concluded that infant RWG is associated with obesity in later childhood and adulthood (Hui 

et al., 2008; Lamb et al., 2010; Shehadeh et al., 2008; Stettler et al., 2003; Stettler et al., 

2002; Stettler, 2007; Baird et al., 2005; Dennison et al., 2006; Ong & Loos, 2006b; Monteiro 

& Victora, 2005; Goodell et al., 2009; Karaolis-Danckert et al., 2008). This relationship 

holds even when birth size is accounted for, indicating an association regardless of whether 

the RWG is “catch-up growth” in babies born small-for-gestational-age, or whether it occurs 

in larger neonates (Karaolis-Danckert et al., 2008; Ong & Loos, 2006a; Taveras et al., 2009). 

Although there is variation in how infant RWG is measured (Druet et al., 2012; Bekkers et 

al., 2011; Karp et al., 2012; Taveras et al., 2011; Moss & Yeaton, 2012; Stettler & Iotova, 

2010), some consensus has been reached. The most common and recommended definition of 

RWG is an increase of > 0.67 in sex-specific weight-for-age z-score (WAZ) within a specific 

time period, representing biologically significant weight gain coincident with crossing one 

major percentile line on a growth chart (Ong et al., 2000; Monteiro & Victora, 2005; Druet 

& Ong, 2008).

However, two specific inconsistencies in the measurement of RWG remain. First, much of 

the research on infant RWG is based on z-scores calculated using the 2000 US Centers for 

Disease Control and Prevention (CDC) growth references (Stettler et al., 2003; Stettler et al., 

2002; Dennison et al., 2006; Goodell et al., 2009; Taveras et al., 2009), rather than the 2006 

World Health Organization (WHO) growth standards. The WHO standards are considered 

the best model of normative growth and have been widely adopted worldwide (de Onis et al., 

2012), including in the US for children < 24 months (Grummer-Strawn et al., 2010). The 

WHO standards are based on longitudinal data from an international cohort of healthy 

breastfed children, while the CDC references are based on a mix of cross-sectional and 

longitudinal data from formula and mixed-fed US infants (Kuczmarski et al., 2002; Dewey 

et al., 1995; Hediger et al., 2000); the growth trajectories between the references differ most 

during the first 24 months of life, when RWG is measured (de Onis et al., 2007a). With 

respect to WAZ, the measure used to evaluate RWG, the WHO standards have higher mean 

values before 6 months of age compared to the CDC references, then lower mean values 

through 24 months of age. Several studies have evaluated the impact of using the WHO 

standards versus the CDC references on the prevalence of various anthropometric indicators, 

such as stunting, wasting and overweight, and have found meaningful differences (de Onis et 
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al., 2007a; de Onis et al., 2011; Mei & Grummer-Strawn, 2011; Mei et al., 2008; Padula et 

al., 2012; Mushtaq et al., 2012; Rifas-Shiman et al., 2011; Twells & Newhook, 2011; 

Maalouf-Manasseh et al., 2011). However, we are unaware of any study exploring how 

RWG prevalence differs by growth reference.

Second, there is a lack of consistency regarding the age interval used to evaluate infant 

RWG. The age intervals used in the literature vary from approximately 3 to 24 months in 

length, and differ in timing as well; some studies measure RWG immediately following 

birth, others focus on the period following the introduction of solid foods, while others 

assess RWG over the entirety of the first 1–2 years of life (Hui et al., 2008; Lamb et al., 

2010; Shehadeh et al., 2008; Stettler et al., 2003; Stettler et al., 2002; Stettler, 2007; Baird et 

al., 2005; Dennison et al., 2006; Ong & Loos, 2006b; Monteiro & Victora, 2005; Goodell et 

al., 2009; Karaolis-Danckert et al., 2008). Early life encompasses a dynamic window of 

developmental plasticity, and research indicates that nutrition and growth during this period 

have the ability to impact obesity and disease risk over the entire life course (Dyer & 

Rosenfeld, 2011; Corvalan et al., 2009; Wells et al., 2007; Barker, 2004). A consistent age 

interval for evaluating RWG should be defined, both to establish a reliable measure and to 

recognize that the variable nature of early growth may be relevant for reflecting causes and 

predicting outcomes.

This study used pooled data from two observational studies on mood disorders and 

medication use during pregnancy to contribute towards filling these gaps in the literature. We 

evaluated whether infant RWG prevalence differs by growth reference used for evaluation 

(WHO standards vs. CDC references) and age interval of assessment (0–3 months, 0–6 

months, 6–12 months and 0–12 months). This work complements existing studies by 

incorporating RWG into the body of anthropometric indicators compared between the WHO 

and CDC growth references, and will contribute towards efforts to formulate reliable 

methods for defining infant RWG—a potentially useful early predictor of subsequent obesity 

risk.

METHODS

Study Design and Population

We used secondary pooled data from two prospective observational studies focused on 

maternal and infant outcomes associated with maternal mood disorders with and without 

prescribed medication use during pregnancy; both studies were carried out by the same 

principal investigator with similar protocols. One study focused on major depressive 

disorder with and without selective serotonin reuptake inhibitor antidepressant (SSRI) 

medication use (Wisner et al., 2009); the other focused on maternal bipolar disorder with 

and without antimanic/other psychotropic medication exposure. The study on depression 

enrolled women aged 15–44 years at ≤ 20 weeks gestation in two US cities (Cleveland, OH 

and Pittsburgh, PA) with exclusions for psychosis, bipolar disorder or chronic diseases. The 

study on bipolar disorder enrolled women aged 18–45 years at ≤ 20 weeks gestation at one 

site (Pittsburgh, PA) with exclusions for substance use excluding marijuana. In both cases, 

women with diagnoses (DSM-IV major depression disorder or bipolar disorder of any 

subtype), both medicated and unmedicated, were enrolled along with controls. Study 

Eckhardt et al. Page 3

Ann Hum Biol. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



evaluations occurred throughout pregnancy, with follow-up visits at targets of 2 weeks, 12 

weeks, 26 weeks and 52 weeks postpartum. In the study on depression, follow-up data was 

additionally collected at 78 and 104 weeks postpartum. The joint data set is called the 

Antidepressant and Antimanic Medication Use during Pregnancy (ADMUP) dataset.

While mood disorders with and without medication use were the primary exposures in these 

studies, these exposures do not impact the validity and conclusions of the present work. The 

objective of the present study was to evaluate whether different criteria for defining RWG 

alter the prevalence of this measure within a population, with paired comparisons of the 

same measures within individuals that together represent a distribution of sizes and growth 

patterns. Growth trajectories within any population are influenced by a variety of exposures, 

however these exposures do not influence how one growth reference or other criterion 

performs versus another. Furthermore, since mood disorders are associated with obesity in 

women (Roberts et al., 2003; Onyike et al., 2003) and maternal obesity and depression are 

associated with child obesity (Yu et al., 2013; Cnattingius et al., 2012; Gross et al., 2013; 

Wang et al., 2013; Morrissey & Dagher, 2014), this population may serve as an at-risk 

population of interest.

Among the 474 eligible women recruited across the pooled studies, delivery data were 

available for 323 singleton, term (≥ 37 weeks gestation) infants. With attrition and the 

availability of follow-up data, the analytic sample for the present study was n=161.

Measurement and Definition of RWG

Birth weight and length were obtained by review of hospital delivery records. 

Anthropometric measures at follow-up points were assessed by trained study personnel 

blinded to exposure. Weight was measured on standard digital scales to the nearest 1 gram. 

Length in centimeters was measured from crown to heel on pediatric examination tables 

with built-in rulers. Weight measures were converted to exact age- and sex-specific WAZ 

using both the WHO growth standards and the CDC growth references for measures at birth, 

3 months of age, 6 months of age and 12 months of age. For each measurement after birth, 

we accepted measures from ± 6 weeks of the target age to allow for variation in actual 

timing of follow-up visits, with age-specific z-scores calculated using exact age at 

measurement. For each set of growth reference-specific z-scores, children were categorized 

with RWG using the accepted definition of an increase of > 0.67 in WAZ (Monteiro & 

Victora, 2005) within each of four age intervals: 0–3 months, 0–6 months, 6–12 months and 

0–12 months of life. These age intervals correspond to those commonly seen in the RWG 

literature, and reflect different developmental stages; the 0–3 and 0–6 month intervals occur 

prior to the recommended introduction of solid foods (WHO, 2003), the 6–12 month interval 

follows the recommended age for the initiation of solid foods, and the 0–12 month interval 

encompasses the first year of life.

Infant and Maternal Characteristics

Infant characteristics evaluated included sex, birth weight, and ever breastfed status (yes/no) 

from clinical interview. Maternal characteristics included self-identified race (white, 

African-American, or other), study exposure status from chart review (categorized as control 
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or exposed (either MDD or bipolar with or without medication use)), and pre-pregnancy 

body mass index (BMI, weight(kg)/height(m)2) categorized as underweight (BMI < 18.5), 

normal (18.5 ≤ BMI < 25), overweight (25 ≤ BMI < 30), or obese (BMI ≥ 30)(WHO, 2000) 

based on self-reported weight and measured height.

Analytic Sample Sizes for Designated Age Intervals

Delivery data were available for 323 singleton term infants. With attrition and the limits 

placed on acceptable ages for anthropometric measurements, the mean length ± standard 

deviation and analytic sample sizes for the designated age intervals were 14.4 ± 1.7 weeks 

for the 0–3 month interval (n=161), 29.1 ± 1.6 weeks for the 0–6 month interval (n=129), 

24.6 ± 2.7 weeks for the 6–12 month interval (n=97), and 53.6 ± 2.0 weeks for the 0–12 

month interval (n=134).

Statistical Analysis

Within each age interval, McNemar’s test for the difference between proportions in paired 

data was used to determine whether infant RWG prevalence differed by growth reference 

used for assessment (McNemar, 1947; Lachenbruch & Lynch, 1998; Sheskin, 2004). When 

the number of discordant pairs was < 10, the exact form of McNemar’s test was used 

(Siegel, 1988). As a sensitivity analysis, we repeated these analyses for the smaller sample 

(n=72) of infants with available measures at all follow-up points, to determine whether our 

results were affected by variation in the individuals included in each age interval.

Within each growth reference, for the subset of the population with data across all four age 

intervals of interest (n=72), Cochran’s Q was used to determine whether infant RWG 

prevalence differed among the four age intervals of interest (Cochran, 1950). When 

Cochran’s Q was significant, we used pairwise McNemar’s tests to determine which 

intervals differed from each other (Sheskin, 2004; Lachenbruch & Lynch, 1998; McNemar, 

1947).

The calculation of growth-related z-scores is sex-specific, which provides some inherent 

control for variation by sex, and none of our results differed by sex. Thus our results are 

pooled across sex.

RESULTS

Descriptive statistics were calculated for the n=161 infants with RWG data for the 0–3 

month age interval, with some missing values, primarily for the maternal pre-pregnancy 

BMI data (21 missing values). The majority of mothers were white (84%), with the 

remaining mothers primarily African-American (14%). One quarter of the women were 

married or cohabiting, while the rest were single (including women that were separated, 

widowed or divorced). The majority of mothers had either completed their GED or 

graduated from high school (30%), or had completed further education, such as college, 

graduate work, or vocational training (67%). Approximately half of mothers (49%) were 

categorized as exposed (major depressive disorder or bipolar, with or without medication 

use). Pre-pregnancy BMI data indicated that 16% of mothers were overweight and 29% 

were obese. Mean maternal age was 31 ± 5 years.
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With respect to infant characteristics, 57% were male, and 77% were ever breastfed. Mean 

birth weight was 3551 ± 504 g, producing a mean WAZ at birth of 0.48 ± 0.97 using the 

WHO growth standards, and 0.17 ± 0.97 using the CDC growth references.

The proportion of infants categorized with RWG was significantly different by the growth 

reference used for WAZ calculation for each age interval tested, except for the interval from 

0–6 months; the CDC reference produced a higher prevalence of RWG in early infancy, and 

the WHO standards produced a higher prevalence in later infancy and across the first year of 

life as a whole (Table I). For the 0–3 month age interval, 9.9% of infants were categorized as 

RWG by both references, with an additional 14.3% of infants categorized as RWG using the 

CDC references but not the WHO standards (p<0.0001). For the 6–12 and the 0–12 month 

intervals, the pattern was reversed; a proportion of infants was categorized as RWG using 

both references, with an additional proportion categorized as RWG using the WHO 

standards but not the CDC references (e.g., 5.2% of infants exhibited RWG regardless of 

which reference was used from 6–12 months, with an additional 9.3% categorized as RWG 

using the WHO standards only (p=0.0039)).

We compared the proportion of infants categorized with RWG across the four age intervals 

of interest within each growth reference for the subsample of infants with data for all age 

intervals considered (n=72). The prevalence of RWG differed by age interval when the CDC 

references were used for evaluation (Table II); McNemar’s paired chi-square tests indicated 

that each of the four age intervals differed significantly from each other with respect to the 

proportion of infants with RWG (p<0.05), except for the 0–3 month (22.2%) vs. 0–6 month 

comparison (19.4%), and the 6–12 month (4.2%) vs. 0–12 month (11.1%) comparison. 

There were no differences in the proportion of infants with RWG across age intervals when 

the WHO growth standards were used for evaluation.

DISCUSSION

This study showed that the proportion of infants categorized with RWG differed by the 

criteria used for its assessment (growth reference and age interval). Compared to the CDC 

growth references, the WHO growth standards resulted in a significantly lower prevalence of 

RWG in early infancy (0–3 months of age), and a higher prevalence of RWG for the 6–12 

month and 0–12 month age intervals, reflecting the different shapes of the growth 

trajectories between the two references. Furthermore, RWG prevalence did not differ across 

various age intervals with the WHO standards but did with the CDC reference, indicating 

that the age interval of evaluation has less influence on the reliability of the RWG measure 

when using the WHO standards.

A number of studies have compared growth and body composition measures (e.g., stunting, 

wasting and overweight) between the WHO standards and CDC references and have found 

meaningful differences (de Onis et al., 2007a; de Onis et al., 2011; Mei & Grummer-Strawn, 

2011; Mei et al., 2008; Padula et al., 2012; Mushtaq et al., 2012; Rifas-Shiman et al., 2011; 

Twells & Newhook, 2011; Maalouf-Manasseh et al., 2011). However, we are unaware of any 

study comparing RWG prevalence, using the definition of an increase of > 0.67 WAZ, 

between the two growth references. As previously stated, the magnitude of > 0.67 
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corresponds to the crossing one major percentile line on a growth chart (Monteiro & Victora, 

2005; Ong et al., 2000). We found one related paper (Mei & Grummer-Strawn, 2011) that 

examined the percentage of children that crossed at least two major percentile lines at any 

point during the first 24 months of age for a variety of anthropometric measures including 

WAZ. Similar to our findings regarding RWG, this study found that the prevalence of 

children that crossed two or more growth chart percentile lines for WAZ was higher in the 

first six months of life when using the CDC vs. the WHO references, with the opposite 

pattern seen from 6–12 months; however no statistical testing was presented (Mei & 

Grummer-Strawn, 2011).

A primary limitation of this research is sample size and attrition, which are common issues 

with any longitudinal study, and particularly in samples with mood disorders. In order to 

maximize our sample sizes, we used all available data for each age interval considered, with 

diminished sample sizes in the later age intervals. To confirm that the differences in RWG 

we observed across age intervals were not related to differences in the population analyzed, 

we repeated our analyses with the subsample of children with compete data (n=72) as a 

sensitivity analyses, with very similar results. Ultimately, we would have liked to have had 

enough children at a follow-up point beyond one year of age to determine, controlling for 

key covariates, whether RWG for each age interval/growth reference combination was 

associated with subsequent childhood obesity. Although follow-up data were available for 

n=113 children at 2 years of age, no child was obese (BMI z-score > 3) and only one child 

was overweight (BMI z-score > 2) by the WHO definition (de Onis et al., 2007b), thus the 

sample sizes were too low to meaningfully calculate the odds of obesity or overweight/

obesity as a function of infant RWG categorization. Simple t-tests did indicate that mean 

BMI percentiles were higher at 2 years among children that exhibited RWG in infancy, 

regardless of which growth reference was used, for all the age intervals of evaluation except 

the 6–12 month interval (data not shown). We look forward to further research using a larger 

study population with follow-up anthropometric data to clarify these associations and the 

ability of a consistently defined RWG measure in infancy to serve as a valid predictor of 

subsequent obesity. No study we are aware of has looked at this issue.

Another limitation was the need to allow for a window of time (± 6 weeks) around each 

target age for including infant anthropometric data in our analyses due to variations in 

timing of follow-up visits. Despite these windows, the defined age intervals still framed 

meaningful differences in interval length and timing during infancy. Furthermore, when we 

reduced the window to ± 4 weeks, our results were very similar (data not shown).

Lastly, the potential for measurement error is always a limitation with anthropometric 

measurement data. Although some error is unavoidable, it is likely to be random in nature. 

Furthermore, the anthropometric measure most prone to error, length in children < 24 

months (Rifas-Shiman et al., 2005), is not used for evaluating RWG. Additionally, since the 

comparisons among different criteria for defining RWG depend on the same anthropometric 

measurements for each individual, our results are still informative.

This paper contributes towards addressing the lack of reliability across the literature in the 

measurement of infant RWG. It should be noted that the inconsistencies highlighted in this 
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research are not errors, but rather the natural consequences of shifting to improved reference 

data for monitoring infant growth (WHO standards vs. CDC references), and the general 

paucity and variation in available longitudinal infant growth data (resulting in variation in 

age intervals assessed). The literature shows that RWG measures, despite inconsistent 

methods of assessment, tend to predict subsequent obesity risk in various populations 

overall. This literature is important and highlights the potential for infant RWG to be used as 

an effective screening tool for the early identification of infants at risk for subsequent 

obesity. That being said, comparing results across studies using varied criteria for 

assessment is discouraged. It is our intent to draw attention to these issues as a call for a 

reliable and valid definition for infant RWG based consistently on the recommended WHO 

growth standards and on a defined age interval selected to serve as a valid predictor of 

subsequent obesity risk.
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