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ABSTRACT 

There are numerous problems with the infant growth 

charts currently in use. Many are based on very old data, 

small samples, and can only be used for short periods of time. 

The National Centers for Health Statistics (NCHS) growth 

charts, which are most commonly used to track premature 

infants' growth in the clinical setting, were not developed 

using growth patterns of premature infants. As a result, 

there is some question regarding the validity of these charts 

to track premature infant growth. In order to determine how 

premature infants' growth patterns compared to the National 

Centers for Health Statistics growth charts, growth patterns 

of nine female and eight male, singleton, very-low-birth

weight (~ 1,500 grams at birth), premature infants were 

analyzed. The percentage who were at or below the fifth 

percentile for height, head circumference and weight from 

birth to three-years, for both actual and adjusted ages was 

determined. This study found both female and male babies had 

height, head circumference and weight measurements at or below 

the fifth percentile for both actual and adjusted ages over 

the three-year period. Because differences were found between 

the growth patterns of the infants in this study and the 

growth patterns in the infants used to develop the NCHS growth 

charts, more research needs to be conducted with larger 

samples of very-low-birth-weight infants to describe their 

growth patterns further. This study also found that although 

infants ages were adjusted for up to three-years, some 

infants' growth measurements remained at or below the fifth 

percentile. For this reason it may be necessary to continue 

to adjust very-low-birth-weight, premature infants' ages for 

longer than two years, which is the current clinical practice. 



CHAPTER ONE 

INTRODUCTION 
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Every year there are more than 3.7 million live births 

in the United States (Buehler, Als, Duffy, McAnulty, & 

Liederman, 1995). Of these births, 400,000 are considered 

to be low-birth-weight infants (birth-weight less than or 

equal to 2, 500 grams) (Buehler, et al., 1995). These low

birth-weights can be attributed to premature births, babies 

born small-for-gestational age and babies born with 

intrauterine growth retardation. In 1994 in Pima County, of 

every 100 live births, 7.1 babies were born at a low-birth

weight. The number of babies born at a low-birth-weight in 

Pima County has increased 12.7 % since 1990 (Morrison 

Institute , 1994). 

With the rising number of infants born prematurely and 

at a low-birth-weight, it is important that the appropriate 

tools are used in clinical practice to assess their growth. 

Tools , such as growth charts and laboratory tests, are used 

to screen for abnormalities in growth so that inappropriate 

growth patterns can be identified and their causes can be 

treated early. Currently, a number of different growth 

charts are used in clinical practice to assess premature 

infants ' growth. There is some question as to whether or 
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not these instruments are a valid measure of premature 

infants' normal growth patterns. Many are based on very old 

data and small sample sizes, and do not reflect current 

premature populations (Dancis, O'Connell, & Holt, 1948; 

Maisles, & Marks, 1981). Some growth charts used to assess 

growth of premature infants have been developed using term 

infa~t~ (Hamill, Drizid, Johnson, Reed, & Roche, 1977). 

Others have been developed using infants' intrauterine 

growth patterns (Lubchenco, Hansman, & Boyd, 1966) . Because 

the validity of the growth charts that are currently used to 

assess premature infants' growth is highly questionable, 

plotting postnatal growth of premature infants on growth 

charts that were designed for term infants is not 

satisfactory. 

In order to be valid, a tool needs to measure what it 

is intended to measure (Polit & Hungler, 1995). If the tool 

that is chosen to assess premature infants' growth is not 

valid, practitioners may be making in~orrect clinical 

judgments about the quality of these infants' growth. If 

practitioners determine that a premature child's growth is 

abnormal based on the use of invalid growth curves, they may 

inappropriately give a child the diagnosis of failure-to-

thrive (FTT). On the other hand, if a child's growth 

appears to be normal according to the growth curves, 



practitioners may incorrectly assume that the premature 

child is growing well and appropriately. 

13 

Making an incorrect diagnosis of failure-to-thrive can 

have numerous implications. For example, an incorrect 

diagnosis can lead to over referral which costs the family, 

community and society excess money and time. Furthermore, 

the family, and the practitioners and professionals working 

with them, may be caused unnecessary worry and concern. 

Some practitioners have come to associate FTT with maternal 

deprivation (Bray, Brosnan, & Erkel, 1989). As a result of 

this association, practitioners may blame parents for the 

slower rate of growth in their children instead of 

attributing the alteration in g r owth to an organic cause, 

one of which may be prematurity. 

Background 

Researchers have found significant differences in the 

growth patterns of premature infants when compared to full 

term infants (Casey, Kraemer, Bernbaum, Yogman, & Sells, 

1991; Elliman, Bryan, Elliman, & Harvey, 1992 ). These 

differences may persist for as long as seven years (Elliman, 

et al. , 19 92) . Babson (1970) concluded that plotting 

premature infant's growth on standard curves developed for 

infants born at full-term is not as meaningful as when the 

child's age is corrected for prematurity. 
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Differences have also been found when growth patterns 

of premature infants are compared to intrauterine growth 

patterns. Gill and coworkers (1986) plotted premature 

infants' growth on the intrauterine growth chart (Lubchenco, 

Hansman, Dressler, & Boyd, 1963) for weight and found that 

by the fourth postnatal week all groups of premature infants 

had a mean weight gain which was greater than that of the 

intrauterine growth charts. However, due to the infant's 

initial post birth weight loss, the mean body weight was 

below the lOth percentile on the intrauterine growth curve 

for weight. For these reasons, the use of growth curves 

without adjusting for prematurity or the use of intrauterine 

growth charts to track extrauterine growth has been 

challenged (Babson, 1970; Elliman, et al., 1992; Gill, Yu, 

Bajuk, & Astbury, 1986; Hadders-Algra, & Towen, 1990; 

Kimble, Ariagno, Stevenson, & Sunshine, 1982; Sheth, Mullet, 

Bodensteiner, & Hobbs, 1995; Qvistad, Verloove-Vanhorick, 

Ens-Dokkum, Schreuder, Veen, Brand, Oostdijk, & Ruys, 1993). 

As the aforementioned studies have demonstrated, 

premature infants' extrauterine growth should not be plotted 

on intrauterine growth curves. And if using growth curves 

developed for full-term births, adjusted age should be used 

instead of chronological age. In order to use an infant's 

adjusted or corrected age to plot growth, a mathematical 



computation must be performed. Adjusting or correcting a 

child's age for premature birth is done by subtracting the 

time premature from the chronological or actual age of the 

child (Dubowitz, Dubowitz, & Goldberg, 1970; Kitchen, 

McDougall, & Naylor, 1980; Babson, 1970). For example, a 
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child who is 5 months old and who was born at 26 weeks 

gestational age would be corrected or adjusted to be 1 month 

(5 months 3 months and 14 days 1 month and 16 days old 

and 16 days). The child's 5 months are referred to as his 

actual or chronological age, and the 1 month and 16 days are 

referred to as his adjusted or co r rected age. (The terms 

adjusted, corrected and post conceptual age can be used 

interchangeably. The terms actual age and chronological age 

are also interchangeable). Currently, in clinical practice, 

premature infants have their age adjusted for at least two 

years after their birth which, according to some experts, 

may not be long enough (Elliman, et al., 1992), and 

furthermore may not erase the difference between premature 

infant growth and term infant growth (Casey, et al., 1991; 

Elliman, et al., 1992). 

Growth Charts in Current Use 

A number of different growth charts are used to assess 

premature infants' growth, such as: the National Center for 

Health Statistics (NCHS) growth charts (Hamill, Drizid, 
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Johnson, Reed, & Roche, 1977), the Growth Record for Infants 

(Babson & Benda, 1976), Dancis' Grid for Recording the 

Weight of Premature Infants (1948), the Postnatal Growth 

Grids for Very Low Birth Weight Infants (Wright, Dawson, 

Fallis, Vogt, & Lorch, 1993), and the Colorado Intrauterine 

Growth Charts (Lubchenco, Hansman, & Boyd, 1966) . In 

Tucson, premature infants' growth during their hospital stay 

after birth is charted on the Babson and Benda curves 

(Lynette Wong & Mary Francl, July, 1996; Karen Van Wie, 

December, 17, 1996, personal communications). However, when 

infants are discharged and followed by their primary care 

provider or by the developmental programs in Tucson, it is 

the investigator's personal experience that their growth is 

tracked using the NCHS charts. 

There are several difficulties with the charts that are 

currently in use. Some of the charts can only track infant 

growth for short periods of time (Dancis, et al., 1948; 

Lubchenco, et al., 1966; & Wright, et al., 1993). Data used 

to design other charts is old (Dancis, 1948; Babson & Benda, 

1976). One chart is based on intrauterine growth patterns 

not extrauterine growth patterns (Lubchenco, et al., 1966). 

The NCHS chart, which is most commonly used to track 

premature infant growth, was developed based on the growth 

patterns of full-term infants (Hamill, et al., 1977). All 
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of these difficulties lead to concerns about the validity of 

the growth charts currently used to assess the growth of 

preterm infants. 

Failure-to-Thrive 

Because the validity of these growth charts is 

in question, premature infants may be inappropriately 

diagnosed with failure-to-thrive. Currently, there are a 

number of different definitions of failure-to-thrive (FTT). 

According to Berwick, Levy, & Kleinerman (1982), weight 

below the third percentile with evidence of decelerating 

weight gain represents FTT. The difficulty with using this 

definition is that the most frequently used growth charts 

from the National Centers for Health Statistics do not have 

a third percentile curve. The lowest percentile curve on 

the NCHS charts is the fifth percentile. Whaley and Wong 

(1991) define FTT as "weight and sometimes height that falls 

below the fifth percentile for the child's age" when plotted 

on a growth curve. Still others (Gardner, & Hagedorn, 1991) 

state that growth failure can be defined as growth below the 

lOth percentile on standardized growth curves. Kelleher's 

group (1993) defined FTT as a failure to maintain the 

expected rate of weight gain over time by demonstrating a 

lower than average growth veloc i ty. Casey and coworkers 



(1994) used failure to maintain the expected rate of 

postnatal weight gain over time as a definition of FTT. 
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National data regarding the exact incidence of FTT are 

not available (Schwartz, & Abegglen, 1996). There are, 

however, varying estimates concerning the incidence of 

failure to thrive. Berwick (1980) estimated that 3 % to 5 % 

of pediatric hospital admissions are due to FTT. For 

primary care settings the estimates range from 9.6 % to 20 % 

(Mitchell, Correll, & Greenberg, 1980; Schwartz & Abegglen, 

1996). The incidence of FTT in very-low-birth-weight 

infants has been estimated to be approx imately 10 % when they 

are seen at follow-up (Ounsted, Moar, & Scott, 1982). 

Obviously this number excludes children who are not brought 

in for frequent medical follow-up, therefore, the number of 

children who actually have FTT may be even higher than the 

estimation by Ounsted and coworkers (1982). It is also 

possible that the number may be falsely elevated if these 

children are being diagnosed with FTT based on their growth 

patterns which have been tracked using an invalid instrument 

such as the NCHS growth charts. 

Another study that looked at FTT in low-birth-weight 

infants found that 19.7 % had FTT by 30 months of age 

(Kelleher, et al., 1993). This study categorized children 

as failing to thrive if they were below the fifth percentile 
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for gestation corrected age (GCA) on the NCHS growth grids; 

if the weight was less than the 5th percentile for GCA at 

two or more points in time; and if rate of weight growth 

during the preceding months was less than average for gender 

and GCA as determined by incremental (velocity) growth 

curves. These same authors found that more than 80 % of the 

infants in their study who developed FTT did not have any 

chronic medical disorders. It is possible that the authors 

did not find any chronic medical disorders in these infants 

because the infants who were classified as failing to thrive 

were not truly failing to thrive. Rather, they were 

demonstrating a growth pattern that was different from the 

NCHS growth curves but normal for preterm infants. 

Casey and colleagues (1994) found that only 25 % of the 

preterm infants who developed FTT had an identifiable 

medical condition and that there was no difference in the 

prevalence of FTT between the intervention and the control 

group. It is possible that there was no d i fference between 

the prevalence of FTT in the intervention group and the 

control group because the children were not actually failing 

to thrive, but had different growth patterns than the term 

infants on which the norms for the NCHS growth charts are 

based. Further, the authors concluded that a higher 

proportion of the infants developed postnatal growth 
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problems than was expected, based on the literature on FTT. 

They were unsure if this was related to biological, 

environmental, or nutritional causes, or an interaction of 

all three. 

Other authors have already demonstrated that the 

growth of premature infants does not proceed in the same 

manner as the growth of a child born at full-term (Casey, et 

al., 1991; Qvigstad et al., 1993; Elliman, et al., 1992). 

Researchers have shown that a substantial number of very

low-birth-weight infants plot below the fifth percentile on 

the NCHS growth curves at 1, 2, and 3 years of age, even 

when corrected for prematurity (Kimble, Ariagno, Stevenson, 

& Sunshine, 1982). 

In order to determine if a premature baby is truly 

failing to thrive, it is necessary to measure the baby's 

growth on an appropriate instrument. It is impossible to 

track a baby's growth on an instrument that was not based on 

premature infants' growth patterns and then make judgments 

about the quality of that growth. Because a growth chart 

that is based on very-low-birth-weight, premature infant 

growth patterns, from birth to age three, does not exist, 

premature infants' growth is currently tracked on 

instruments not based on premature infants' growth patterns. 

To determine if it is appropriate to use full term growth 



need to be conducted that describe actual very-low-birth

weight, premature infant growth patterns and how those 

growth patterns compare to the most common growth chart 

currently in use. 

Problem, Purpose and Research Questions 

Problem: The validity of the growth charts currently 

used to assess the growth of preterm infants is highly 

questionable. 
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Purpose: The purposes of this retrospective study were 

to evaluate the growth patterns of singleton, premature 

infants from birth to age three and to determine what 

percentage of these infants was at or below the fifth 

percentile for growth in height, weight and head 

circumference for both adjusted and chronological ages when 

plotted on the National Centers for Health Statistics growth 

charts (Hamill et al., 1977). 

Research Questions: The research questions were 

designed to evaluate the relationship between actual 

patterns of premature infant growth and compare them to the 

NCHS growth charts. The questions were designed using the 

language of the Human Ecosystem Model which is the 

conceptual model on which this study is based. 

research questions that were addressed are: 

The specific 
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1. What percentage of the sample population was at or 

below the fifth percentile on the NCHS growth charts (birth 

to age three) when not corrected for prematurity? 

2. What percentage of the sample population was at or 

below the fifth percentile on the NCHS growth charts (birth 

to age three) when corrected for prematurity? 

3. What is the adaptive capacity, as measured by 

premature infant growth patterns, of a sample population of 

premature infants whose birth-weight was less than or equal 

to 1,500 grams? 

4. What is the relationship between adaptive capacity, 

measured by premat u re infant growth patterns, and selected 

cultural and biological factors? 

Definitions 

Premature infant: An infant born before 37 weeks 

gestational age (Whaley & Wong, 1991). 

Low-birth-weight (LBW) infant: An infant whose birth 

weight is below 2,500 grams (Whaley & Wong, 1991). 

Very-low-birth-weight (VLBW) infant: An infant whose 

birth weight is less than or equal to 1,500 grams (Whaley & 

Wong, 1991). 

Intrauterine growth retardation (IUGR): A condition 

found in infants whose intrauterine growth was retarded when 



plotted on the intrauterine growth curves (Whaley & Wong, 

1991). 

Gestational age: The infant's maturity rating when 

scored by the Dubowitz exam (Dubowitz et al., 1970). This 

score was taken from the child's Newborn Intensive Care 

Program chart. 

Appropriate-for-gestational age: Weight, height, and 

head circumference measurements between the lOth and 90th 

percentile on standardized growth charts for gestational 

age. 
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Small-for-gestational age: Weight, height, and head 

circumference measurements below the lOth percentile on the 

Lubchenco (1966) intrauterine growth charts. 

Large-for-gestational age: Weight, height, and head 

circumference measurements above the 90th percentile on the 

Lubchenco (1966) growth charts. 

Actual or chronological age: The amount of time the 

child has actually been outside of th~ womb, expressed in 

months, weeks, and days. 

Corrected, adjusted or post conceptual age: The 

child's actual age or chronological age, minus the number 

of months and weeks the child was born premature. 
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Nonorganic failure-to-thrive: FTT caused by maternal 

or parental deprivation or some type of impaired interaction 

between the child and the caregiver. 

Organic failure-to-thrive: FTT that is caused by a 

major illness or organ system dysfunction in the child. 

Significance to Nursing 

Nurses are involved in the assessment of infants in a 

number of different settings. For example, they work with 

infants and their families in clinics, hospitals, community 

health centers, public health departments, schools, and on 

home visits. Since nurses are typically the health care 

professionals who are measuring, weighing, and plotting the 

child's growth on growth curves, they are the ones who are 

most often responsible for assessing whether a child's 

growth is appropriate. Home health nurses who visit 

i nfants, children and families are often times responsible 

for assessing numerous health care issues, including the 

child's growth. If the community health nurse discovers 

that a child is not growing as expected, the nurse may 

decide to refer the child for services related to failure-

to-thrive. Now that more nurses are practicing with 

advanced degrees, such as nurse practitioners, they are in 

an even more responsible position in terms of assess i ng 

abnormal growth patterns and then referring children for 



services and interventions if they feel that the child is 

failing to thrive. 
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It is important, therefore, that nurses are armed with 

valid instruments to assess growth of premature infants. If 

judgments such as failure-to-thrive are made about the 

quality of an infant's growth based on invalid instruments, 

the implications are great. It is unacceptable to use an 

invalid instrument to assess the quality of a premature 

infant's growth. Nurses need an instrument that they can 

rely on to help them assess growth, and if one is not 

available, they need to know the limitations of the 

instruments they are now using or develop norms for more 

appropriate growth charts. 
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CHAPTER TWO 

CONCEPTUAL FRAMEWORK AND LITERATURE REVIEW 

This chapter will address the conceptual orientation 

that was used to guide this study. Specifically, it will 

focus on the Human Ecosystem Model (Figure 1) as developed 

by Moore, Van Arsdale, Glittenberg, & Aldrich (1980). This 

chapter will also review literature relevant to the Human 

Ecosystem Model. The effect of infant feeding practices, 

illnesses, technology, intrauterine versus extrauterine 

status, and biologic and cultural factors on growth of 

premature infants will be discussed and related directly to 

various components of the Human Ecosystem Model. 

Evolution of the Human Ecosystem Model 

Before discussing the Human Ecosystem Model, it is 

necessary to discuss the model's evolution as part of 

anthropological theory. In the late 1940s and early 1950s, 

anthropological study was focused primarily on the 

assessment of the physical dimensions of the human 

musculoskeletal system. Anthropologists studied skin color, 

stature, thickness of hair, width of the nose, blood types, 

infant and childhood growth patterns, and adaptations to 

high altitude. The purpose of these studies was to document 
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physiological diversity and human variability. This branch 

of anthropology was known as physical anthropology. 

In the 1950s and 1960s, researchers began to insist 

that physical anthropologists were not documenting human 

variability in a sufficient manner because they had failed 

to give adequate attention to the influence of culture. As a 

result, the field of medical anthropology began to grow. 

Alexander Alland presented his idea that adaptation was a 

key medical-anthropological concept (Anderson, 1996) . He 

proposed that medicine, specifically epidemiology, be 

combined in a multidisciplinary way with anthropology. He 

stated that: 

"Medical anthropologists focus their attention on 

patterns of disease and treatment within a wide 

range of populations and environmental settings. 

They investigate relationships between behavior 

and epidemiological patterns and are frequently 

called upon to aid in the analysis of specific 

etiological problems. Many , if not all, 

epidemiological patterns involve complex 

relationships among physiological, genetic, 

cultural, demographic , and env ironmental 

variablesn (Anderson, 1996, p. 206) . 
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In 1978, Arthur Kleinman also insisted that medical 

anthropology become multidisciplinary (Anderson, 1996). He 

further stated that medical anthropologists will "require 

models and concepts which consider health and sickness to be 

the results of complex multi-factor interactions on 

biological, psychological and social levels, not the results 

of single determinants operating on only one level of 

analysis" (Anderson, 1996, p. 2 0 6) . 

Description of the Human Ecosystem Model 

The Human Ecosystem Model (Moore, et al., 1980) is one 

such model. It is a multiple-variable model that can be 

used to analyze and explain the various causes of injury, 

illness, and disease. The model consists of two major 

subsystems. Subsystem I encompasses environmental factors 

and includes two levels of the environment; the macrolevel 

and the microlevel. These l evels include all inorganic 

variables, all living matter, and humanmade sociocultural 

fa c tors. Subsystem II is the o rganismic level and describes 

i nfluences on the individual's adaptive capacit y in the 

health-sickness process. 

and cultural factors. 

The s e influences include biologic 



30 

Subsystem I 

Macrolevel 

The macrolevel unit of Subsystem I includes societal, 

national, hemispheric, or even global populations. In the 

larger aggregates, it is unlikely that the individuals share 

a common environment. Since the larger populations are more 

widely separated from each other, they each are adapting to 

different physical global factors: a hot, dry desert; a 

cold, mountain region; or numerous other climactic and 

geographic elements. Furthermore, living matter is specific 

to each geographic area and as a result, the diets of both 

human and animal populations are influenced by the 

availability of food supplies in their area. 

Microlevel 

The microlevel of the human ecosystem is composed of 

smaller populations that ma y share ino rganic, organic, and 

humanmade env ironments. The difference between the 

microlevel and macrolevel is that the microlevel shares a 

common mating pool. Since the micro l evel population is 

geographi c ally isolated, there is less opportunity to come 

in contact with other potential mates from different mating 

pools. 

Inorganic factors. According to the Human Ecosystem 

Model, disease is caused by inorganic and organic 
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environmental elements, as well as cultural patterns of 

behavior that affect susceptibility to and transmission of 

disease . A significant inorganic factor in disease is 

climate . Climate can affect the kinds of disease-causing 

agents that exist in a certain location, and, therefore, 

influence the kinds of diseases contracted by humans living 

in the area. Geography and geology also have an influence on 

health. Natural disasters, such as floods, landslides, 

volcanoes, and earthquakes influence the health of the 

people that are affected by the disasters. Air pollution is 

another inorganic environmental factor that can be a health 

hazard. 

Organic factors. Organic environmental factors in 

subsystem I include all living matter; humans, flora, fauna, 

and disease pathogens. Disease pathogens, as well as 

humans, try to adapt to the environment and survive. 

Microorganisms compete with each other for limited 

resources , and if successful, can influence human health by 

causing illness. 

Humanmade factors. Humanmade environmental factors 

include products of culture; the tools used by humans and 

the methods by which they adapt to their environment. 

Examples of these factors include major technical 
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advancements, respirators and intravenous feedings, as well 

as medicines, such as antibiotics. 

Inorganic, organic and humanmade factors all have an 

impact on health, but according to the Human Ecosystem 

Model, when they interact together, they have an even more 

powerful influence on health than if they act alone. 

Subsystem II 

Subsystem II looks at the individual on an organismic 

level. It includes biological and cultural factors, as well 

as the adaptive capacity of the individual. The adaptive 

capacity of the individual is influenced by the health/ 

sickness process in which the adaptive capacity is 

threatened or exceeded, resulting in disequilibrium or 

sickness. The individual then copes or repairs and returns 

to equilibrium, which equals health. The degree of 

disequilibrium, however, may be so extreme as to cause 

death. Behavioral responses influence the health-sickness 

process. In the Human Ecosystem Model, subsystem I 

influences subsystem II and vice versa. 

Biologic and Cultural Factors, and Adaptive Capacity 

Individual characteristics that influence health are 

the inherited species-specific characteristics and 

culturally determined traits. Biological factors influence 

survival by interacting with cultural factors and the 



individual's adaptive capacity. Each physiological system 

has certain requirements in order to function adequately. 

Health-Sickness Process and Behavioral Feedback 

According to the Human Ecosystem Model, the health-

sickness process is a continuum. Different degrees of 
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health and sickness can exist and are related to the timing 

and the physical extent of the illness. A person may suffer 

from an acute illness, such as a cold, or a chronic illness, 

such as congestive heart failure. 

body part or in an entire system. 

Sickness can occur in one 

Coping with, or repairing 

the damage leads to a return to equilibrium, or health. 

Failure to cope or repair the damage can ultimately result 

in death. While the individual is alive, he or she is 

always at some point on the health-sickness continuum. 

The health-sickness process is affected by behavioral 

feedback. This feedback affects not only the organismic 

level of the ecosystem model-the individual, but the 

microlevel and macrolevel of Subsystem I, as well. 

Application of the Human Ecosystem Model 

In the following section the literature review will be 

applied to the components of the Human Ecosystem Model. 

Selected components of the model fit very well with this 

research study and wi ll be used for application (Figure 2 ). 
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Subsystem I 

Macrolevel 

The macrolevel environment of Subsystem I of the Human 

Ecosystem Model has implications for the feeding of newborn 

premature infants. Infants will be fed differently 

depending on where they live and which formula and foods are 

available. If the mother is breastfeeding, the availability 

of food, as well as her intake of the available food, may 

influence the child's growth. 

Results from a number of studies demonstrate how 

differences in feeding practices affect infant growth. For 

example, Hitchcock, Gracey, & Gilmour (1985) collected data 

from 394 healthy infants in relation to feeding practices. 

Infants from Australia were grouped according to whether 

they were breast or artificially fed, the duration of 

breastfeeding, and the gender of the child. Weights were 

taken at birth, 3, 6, 9, and 12 months. From birth to 3 

months, weight gains were similar in all groups, 

irrespective of feeding method. But from 3 to 6 months, 

weight gains were greater in artificially fed infants. 

Artificially fed infants gained more weight than infants who 

were breast fed from birth. These differences occurred even 

though the prevailing type of artificial feedings were low

solute, 'humanized' formulas. 
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Other authors have found differences in growth among 

groups of infants fed either breastmilk, standard term 

formulas, standard preterm formulas or enriched preterm 

formulas. One study (Chan, Borschel, & Jacobs, 1994) 

assessed the growth of 59 preterm infants fed either 

breastmilk, standard preterm formula, standard term formula, 

or an experimental preterm formula, from hospital discharge 

to eight weeks of age. After hospital discharge, all 

formula-fed infants were heavier than human milk-fed infants 

Lucas , Bishop, King, & Cole (1992) found significant 

increases in linear growth and weight gain in a sample of 32 

infants who were fed enriched formula. It is important, 

however, to assess exactly what was added to the formula. 

Carlson , Cooke, Werkman, & Tolley (1992) found that formula 

enriched with membrane phospholipid docosahexaenoic acid 

(DHA) , initially proposed to enhance visual acuity in 

preterm infants, actually reduced growth in 31 very-low

birth-weight preterm infants compared to a sample of 34 

controls . 

Another study (Fenton, McMillan, & Sauve, 1990) 

assessed the nutrition and growth of 220 very-low-birth

weight infants related to how soon they were fed after birth 

and how this influenced their growth. It was found that 

first oral feedings were started later for infants with 



lower birth weights. This was proposed to be due to the 

infants' complex medical status taking priority in their 

care, and placing nutritional status as second in 

importance. During the first 50 days of life the infants 
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accumulated a deficit of 3,780 to 5,460 kilo joules (kJ) 

relative to their estimated need of 504 kJ/kg/day. It took 

15 to 22 days to regain birth weights, and the babies born 

at 1,000 g or less took significantly longer to regain lost 

weight. The growth of the infants in this study differed 

significantly from the premature growth curves proposed by 

Dancis (1948) and Babson & Benda (1976). This is important, 

because the aforementioned curves are two that are more 

commonly used to measure premature infant's growth in 

hospitals today. The authors surmised that the difference 

in growth between the 220 babies in their study and the 

Dancis and Babson & Benda growth charts was because the 

children in their study were more ill and of younger 

gestational ages. The fact that they_were sicker and 

younger impacted on the quality of their nutrition and their 

resultant growth. 

All of these studies show how different types of 

nutrition and timing of initial feeding can impact the 

quality of growth in preterm infants . Studies such as these 

demonstrate how factors in the macrolevel environment can 



influence the growth of premature infants. These 

differences in growth are evident between, as well as 

within, groups of premature infants (Fenton, McMillan, & 

Sauve, 1990). 

Microlevel 
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Organic Factors. The microlevel of the Human Ecosystem 

Model includes organic, inorganic and humanmade factors. 

The most common organic factors at the microlevel that 

impact infant growth are microorganism-caused diseases. 

Actual nutritional requirements of infants are influenced by 

the presence and severity o f 3cute episodic illnesses such 

as otit is or Respiratory Syncitial Virus (RSV) (Gardner & 

Hagedorn, 1991). These illnesses caused by microorganisms 

can increase an infant 's caloric need by up to 80 

kcal/kg/day (Gardner & Hagedorn, 1991). As a result, 

infants may not be able to grow at the expected rate until 

they recover from their illnesses (Marks, Maisels, Moore, 

Gifford, & Friedman, 1979). 

Humanmade Factors. An important .example of a humanmade 

factor at the microlevel that must be examined is the 

extrauterine environment. Growth of infants in an 

intrauterine environment versus an extrauterine environment 

is a factor that can be considered part of the microlevel 

environment in the Human Ecosystem Model. It is dependent 
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on the interaction between inorganic and organic factors, 

and humanmade factors. The intrauterine environment is a 

warm, dark world with the gurgling sounds of mother's 

digestive system and her rhythmic heartbeat. Compare this to 

the extrauterine environment in a newborn intensive care 

unit, where premature infants are surrounded by noise on a 

level comparable with that of auto traffic and, at times, 

heavy machinery (Weibley, 1989). Upon leaving the womb the 

baby is exposed to a dry, cool , air filled environment 

instead of a warm, moist, fluid environment. Medical 

procedures begin to interrupt t he infant's normal 

intrauterine sleep patterns. And the 28 to 32 week fetus 

who normally sleeps about 80 % of the time in utero, can be 

interrupted up to 132 times a day, sleeping only an average 

of 4 to 10 minutes at a time (Weibley, 1989) . Since sleep 

periods are thought to be important for growth and neuronal 

maturation (Weibley, 1989; Lawson, & Turkewitz, 1985) lack 

of uninterrupted sleep periods can contribute to different 

rates of growth for premature infants compared to fetal 

intrauterine growth rates. 

Other humanmade factors which affect how well a 

premature infant will grow include the use of special 

equipment and medications. Examples include incubators, 

respirators, intravenous feedings, antibiotics and lung 



40 

surfactant. All these environmental factors influence the 

probability that a premature infant will live and influence 

how the infant wi ll grow. 

Some researchers have compared extrauterine premature 

infant growth to intrauterine growth charts. Gill and 

coworkers (1986) found differences between the rate of 

premature infants' extrauterine growth and the rate of 

expected growth based on intrauterine g r owth charts 

(Lubchenco, et al., 1963). Premature infants gained weight 

at a greater rate than the intrauterine growth charts. 

However, due to an i n itial peri od of significant weight 

loss, the infants fell below the lOth percentile on the 

curves and, therefore, . ful£ill the criteria for extrauterine 

growth retardation. Others (Marks, et al., 1979) have also 

shown that intrauterine growth far exceeds postnatal growth 

in premature infants. The authors state that these results 

"highlight the misleading nature of comparisons (of 

premature infants' growth) with intra1)terine growth curves" 

(Gill, et al., 1986 p. 55 2) . 

Subsystem II 

Biologic and Cultural Fa c tors, and Adaptive Capacity 

At the organismic (individual level) of Subsystem II of 

the Human Ec osystem Model, the biologic and cultural 

factors, and adaptive capacity of the infant all play a role 
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in premature infant growth. Examples of cultural factors 

include the ethnic origin of family members, cultural 

practices and socioeconomic status. Examples of biological 

factors include the infant's lung maturity, ability to suck 

and swallow, number and types of illness, and age at 

prematurity. 

An infant's lungs are not designed to be mature enough 

to breathe oxygen until the fetus is about 35 weeks old 

(Whaley & Wong, 1991). An infant's ability to coordinate 

suck, swallow, gag and breathing efforts is not fully 

perfect until the infant is between 34 and 37 weeks of age 

(Gardner , & Hagedorn, 1991). Both of these facts have 

implications related to the infant's ability to be able to 

breathe and eat well and, therefore, grow properly. 

Differences have been found in the way premature 

infants grow depending on their degree of prematurity and 

the number and type of illnesses they have. Marks and 

coworkers (1979) showed that despite a sufficient energy 

intake , premature infants suffer from considerable growth 

retardation in the first weeks of life. Further, the 

authors proposed that the finding of "normal " velocity of 

head growth in these infants during their illness could be 

indicative of underlying hydrocephalus. Cooke , Ford , 

Werkman, Conner , & Watson (1993) e x amined the growth of 



healthy very-low-birth-weight infants (<1,500 g). They 

excluded those who had sepsis, congenital malformations, 

renal disease, cardiac failure, intraventricular bleeding, 

or who were ventilator dependent. Growth in the infants 
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weighing below 1,000 gat birth was still less when compared 

to larger birth-weight infants (>1,000 g), even though they 

were considered a group of relatively healthy, "normal," 

very-low-birth-weight infants. This study showed that even 

in the absence of illness, the rate of a premature infant's 

growth is dependent on the infant's birthweight and that 

smaller preterm infants grow even slower than larger preterm 

infants. 

Not only have studies demonstrated differences in the 

way premature infants grow depending on their degree of 

illness or prematurity, but numerous studies have 

demonstrated a difference in the way premature infants grow 

when compared to term infants. Sheth and coworkers (1995) 

demonstrated that head circumference growth for premature 

infants with birthweights less than 1,000 g does not catch 

up with that of term infants by 18 months of age. During 

the first three years of life, preterm infants have been 

shown to have different patterns of growth than term 

infants, even when corrected for prematurity (Casey et al., 

1991) . At five years of age, 19 % of preterm infants were 
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still below the lOth percentile despite substantial catch-up 

growth (Qvigstad et al., 1993). Elliman and researchers 

(1992) demonstrated that these differences in the pattern of 

preterm and term infant growth can continue for up to seven 

years of age. Therefore, correcting a preterm infant's age 

for only three years may cause practitioners to misinterpret 

a decrease in height as evidence of growth retardation 

(Elliman, 1992). 

In a very significant study, Kimble and researchers 

(1983) compared growth of premature infants to the most 

commonly used NCHS g r owth charts (Hamill et al., 1977), 

which are based on growth patterns of term infants. They 

found that a substantial number of premature infants plotted 

out below the fifth percentile o n the NCHS charts at 1, 2, 

and 3 years of age. Even so, these infants were growing at 

a rate the authors considered to be normal. They concluded 

t hat these very-low-birth-weight infants were smaller, as a 

group, than normal children, when followed to three years of 

age and despite correcting their age for prematurity. 

Various studies have demonstrated that the premature 

infant's ability to adapt to the environment is compromised. 

Forslund & Bjerre (1985) and Stjernqvist & Svenningsen 

(1993) found that samp l es of 46 preterm and 20 extremely

low-birth-weight (ELBW) infants experienced mo re frequent 



upper respiratory infections, more frequent infections and 

illnesses during the first 18 months of life compared to 

controls. Hospital admissions were more common among ELBW 
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infants in the study done by Stjernqvist & Svenningsen. The 

infants in both studies were also more likely to have 

retinopathy of prematurity, vision problems, neurological 

sequelae including cerebral palsy, and delays in psychomotor 

abilities, personal-social abilities and hand-eye 

coordination. By examining 68 children (born with 

birthweights below 750 grams) at early school age, Hack and 

researchers (1994) determined they were at higher risk for 

neurobehavioral dysfunction and poor school performance than 

a cohort of 61 children b o rn at term. 

Health-Sickness Process and Behavioral Feedback 

Behavioral feedback influences the individual's 

adaptive capacity and influences the environmental factors 

in Subsystem I either directly or indirectly, negatively or 

positively. Responses may be expressive (for example, a 

baby crying to be fed), physical (such as a baby pushing or 

arching away from it's caregiver when full ) , or cognitive 

(such as a young mother interpreting her baby's cry to mean 

the baby is hungry) . If a premature infant is unable to 

give understandable cues to it's caregiver, or the caregiver 
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is unable to interpret those cues, the child will be at risk 

for experiencing growth problems. 

All of the information discussed in the 

description of the Human Ecosystem Model demonstrates how 

the interaction of multiple variables and cultural factors, 

either directly or indirectly, affect the human ecosystem. 

Whether or not an infant is born prematurely can affect its 

pattern of growth; its development; and its ability to 

connect with its caregivers to elicit proper care. If the 

infant is born with congenital anomalies or systemic 

i llness, or develops acute illnesses, these factors can also 

affect the aforementioned var i ables. Since the authors of 

the Human Ecosystem Model have a "holistic, dynamic view of 

human beings adapting in various degrees t o and within a 

series of levels - the macrolevel, the microlevel, and the 

(individual ) organismic" level- (Moore, et al., 1980, p. 

2 4) this model is an appropriate one t o guide this research 

study. 

Measurement Issues 

Many studies have attempted to compare current rates of 

premature infant growth with historic studies that were used 

to design premature growth charts. Currently in c l inical 

pra c tice, t here are a number of different growth c harts 

based on premature infants which are used to track premature 
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infants' growth (Dancis, et al., 1948; Lubchenco, et al., 

1963; Babson, & Benda, 1976; & Maisels, & Marks, 19 81 ) . 

Several authors have criticized the current use of these 

charts and claim they do not reflect the growth of the 

modern Newborn Intensive Care Unit population (Shaffer, 

Quimiro, Anderson, & Hall, 1987; Fenton, et al., 1990; 

Cooke, et al., 1993; Wright, et al., 1993). The premature 

infant population has changed in recent years and infants 

are surviving at lower birth weights and with more illnesses 

than in the past. For this reason, it is important to use 

growth charts that are reflective of the current p opulation 

of premature infants (Wright, et al., 1993). 

There are various problems with using these dated 

growth charts to measure growth of the current premature 

population. The growth chart devised by Dancis' group was 

published in 1948. It can only be used t o measure weight 

fo r the first 50 days of a premature infant's li f e. Data 

were gathered from a population of only 100 infants, none of 

whom had "untoward complications in the neonatal period" 

(Dancis, et al., 1948, p. 570 ) . No data related t o length 

o r head circ umference growth were gathered. There were no 

infants weighing under 1,000 g included in the sample. 

Since it is now common-place for infants born below 1,000 g 

with multiple complications to survive, the grid developed 



by Dancis' group is not representative of this current 

population (Wright, et al., 1993). 

47 

Babson and Benda (1976) developed a growth chart to 

measure changes in weight, height, and head circumference of 

premature infants from birth to one-year after term. The 

data from 26 to 40 weeks is based on measurements of 300 

infants born between 1959 and 1963. Data from one month to 

one-year are based on measurements of 4,000 children without 

regard to gestational age or birth weight. Term children 

were included in this sample and children with serious 

congenital anomalies, or who were products of multiple 

births or oriental, were excluded. Many researchers 

(Shaffer, et al., 19 87; Fenton, et al., 1990; & Cooke, et 

al., 1993) have shown that premature infants grow 

differently depending on gestational age and birth weights. 

No distinction was made between children of different birth 

weights and gestational ages and term children were included 

in the data sample. These weaknesses make it difficult to 

justify using this growth chart to assess premature infant's 

growth. 

Maisles and Marks (1 98 1) documented the growth of 41, 

appropriate-for-gestational age, preterm infants with 

"severe neonatal disease" (Maisles, & Marks, 1981, p. 663) 

from birth to one-year chronological age (9 months adjusted 



age). The growth of these infants was superimposed on the 

Babson (1970) growth chart for premature infants. Despite 

caloric intakes between 80 and 12 0 kcal/kg/day, by the 

second week of life mean weight gain remained completely 

below the Babson curve. This demonstrates that growth of 
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ill infants, even when they are well-nourished, proceeds in 

a different manner compared to well infants. It also 

demonstrates that using the Babson (1970) curves t o document 

ill premature infants' growth is inappropriate. 

Furthermore, using the Maisels & Marks (1981) charts to 

assess growth of premature infants in today's NICU is 

questionable due to the small sample size and the fact that 

no infants under 28 weeks were included in the sample. 

A more recent growth chart created by Shaffer and 

researchers (1987) describes postnatal weight changes for 

low-birth-weight infants between 500 and 2 ,500 g. Infants 

were included "regardless of perinatal problems, nutrit i onal 

status, or clinical course" (Shaffer et al., p. 70 2 ). Mean 

weight loss in this premature infant population was greater 

in each birth-weight category than the weight l o ss reported 

by Dancis et al. ( 194 8) . Further, mean postnatal weight 

loss was greater for the lowest birth-weight infants. 

Unlike Dancis and coworkers (1948) grid for premature 

infants, Shaffer's group's chart can be assumed to be more 



reflective of the current premature infant population, 

because data on babies born under 1,000 g were included. 

One problem, however, is that the chart created by Shaffer 

and group can only be used to measure growth for 45 days 

postnatally. 

In 1994, Ross Products Division/Abbott Laboratories 

printed growth charts for low-birth-weight premature boys 

and girls based on data collected in a multisite study as 

part of the Infant Health and Development Program 
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(IHDP) (1990). These charts are intended to be used for 

tracking the growth of premature infants weighing less than 

or equal to 1,500 and less than 2,000 g to 38 months 

adjusted age. There is a problem, however, with the 

validity of the charts. The studies on which they are based 

did not group subjects according to the definition that Ross 

uses on the charts. Subjects in the IHDP study were grouped 

by Casey and researchers (1991) in the following manner: 

Group 1 had birth-weights (BW) less than or equal to 1250 g; 

Group II had BW greater than or equal to 1251 g, but less 

than or equal to 2000 g; Group III had BW greater than or 

equal to 2001 g and less than or equal to 2500 g. Ross' 

chart states that it can be used to track growth for infants 

with a BW of between 1500 g and 2500 g, but because the 

study grouped the data differently, it is unclear exactly 



50 

which group's data was used to develop the chart. 

Furthermore, no chart was developed which reflects the 

growth of children born at very-low-birth-weight (equal to 

or below 1500 g) . 

The most recent attempt to develop a postnatal growth 

chart that is reflective of the current population of low-

birth-weight infanti was completed by Wright and researchers 

(1993). Using this chart, growth can be measured for 105 

days postnatally. Data from all infants (except 10 with 

necrotizing enterocolitis) born between 1987 and 1991 at a 

Tennessee Medical Center were collected to create this 

chart. Growth curves were generated for four birth weight 

ranges. Infants in this study gained weight more quickly 

and had larger daily weight gains than data previously 

published (Dancis et al., 1948). This is a different trend 

than others (Maisels, & Marks, 1981) have found and was not 

expe~t~a, because these infants were sicker and of lower 
v 

birth 'weight than other groups of infants who have been 

studied in the past. The authors of this study purport that 

their weight curves "are a more accurate reflection of 

current in-hospital growth trends, especially for infants 

with birth weights of less than 1000 g" (Wright et al., 

1993, p. 926) . These growth curves may be an accurate 

reflection of in-hospital growth, but, cannot be assumed to 



mirror outpatient growth patterns; and furthermore, these 

c urves can only be used for 105 days postnatal l y. 

51 

As mentioned previously, there are numerous problems 

with the available growth charts which are used to track 

premature low-birth-weight infants' growth. Many are based 

on very old data and do not reflect current premature 

populations (Dancis et al., 1948; Maisles, & Marks, 1981). 

Some curves have been based on small samples (Dancis et al., 

1948; Maisles, & Marks, 1981), some of the sample 

populations were sick (Maisles, & Marks, 1981; Shaffer et 

al. 1987), and some were not (Dancis et al., 194 8 ; Wright 

et al., 1993). This makes it difficult to transfer the 

results of the aforementioned studies to all populations of 

l ow-birth- weight infants. 

Further problems include the limited time that these 

charts can be used to track premature infants' growth. 

Dancis and coworkers (1948) grid can only be used for 50 

d a y s po s tnatally. The curves by Shaffer's group (1 98 7) can 

only be used for 45 days. Tracking growth f o r a mere 43 

weeks gestational age is the limit of the Maisles, & Marks 

(1981) curves. Wright's group's curves (199 3) extends one's 

ability to track growth for up to 105 days postnatall y . 

Babson & Benda developed a chart that can be used to track 

growth for one-year. The longest amount of time that can be 



52 

tracked using a growth chart based on premature low-birth

weight infants' growth is 38 months adjusted age (Casey, et 

al., 1991). This chart was printed by Ross Products 

Division/Abbott Laboratories and does not interpret the data 

from Casey's study properly. Although some research has 

been done related to the growth of very-low-birth-weight 

infants (Cooke, et al., 1993), no valid growth chart 

currently exists which can be used to track the growth of 

these tiny babies over a period of three years. 

Another problem is that, upon discharge from the 

hospital, premature infant's growth is tracked using the 

NCHS growth curves, (Hamill et al., 1977) which are not even 

based on premature infants' growth. Data used to create the 

National Center for Health Statistics growth charts is from 

1929-1975 (Hamill et al., 1977). Of the 867 children 

included in the original sample, only forty (4.6 %) had a 

birth weight less than 2,500 grams and only one child had a 

birth weight of 1,500 grams. No children weighing less than 

1,500 grams were included in the original sample used to 

form these growth curves. This information is important 

because premature infants typically weigh less than 2,500 

grams. Whaley & Wong (1991) define a low-birth-weight 

infant as one who weighs less than 2,500 grams. Further, 

the very-low-birth-weight infant is defined as weighing less 
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than 1,500 grams (Whaley & Wong, 1991). If only forty 

ch ildren weighing less than 2,500 grams were included in the 

sample population (N=867) and none weighing less than 1,500 

grams was included, it seems reasonable that the NCHS growth 

curves are inadequate to measure the growth of low-birth

weight, very-low-birth-weight, premature infants after they 

are discharged from the hospital. 

Typically these charts are used by adjusting the 

premature infant's age and then plotting age for weight, 

length and/or head circumference. The problem with this 

practice is the assumption that by adjusting the infant's 

age, the difference between a premature and a term infant's 

growth patterns are erased. It is also assumed that a 

preterm infant's growth will resemble a term infant's growth 

if the age difference between them is removed. Kimble and 

coworkers (1982) demonstrated that a substantial portion of 

very-low-birth-weight infants plotted at or below the fifth 

percentile on the NCHS growth curves at 1, 2 , and 3 years of 

age , despite correction for prematurity. Further, they 

found that growth for very-low-birth-weight infants proceeds 

below, but only roughly parallel to, the mean. 

If low-birth-weight infants do not have growth patterns 

like term infants, the use of the NCHS curves (Hamill et 

al., 1977) needs to be reevaluated. Furthermore, an 
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assessment of the premature infant's growth pattern over 

time for at least three years adjusted age is needed to 

demonstrate the actual growth pattern in very-low-birth

weight infants. Ideally, this information could be used to 

create new growth charts that can be used in an outpatient 

setting to measure premature very-low-birth-weight infant's 

growth. Using an invalid instrument to assess the growth of 

premature, very-low-birth-weight infants, and making 

judgments about the quality of that growth by saying the 

growth is poor or the child is failing to thrive is not 

acceptable. 
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METHODOLOGY 

Design 
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This research study employed a descriptive, comparative 

design using a retrospective chart review. Because 

children's growth data from birth to three years adjusted 

age was analyzed, data from a pre-existing data base was 

used. This data was readily available and encompassed a 

three-year period. Since the data was easily accessible, a 

retrospective chart review a l lowed data t o be collected in a 

timely manner. 

Sample and Sample Selection 

Initially, sixty subjects were enrolled in the study. 

After eliminating subjects who did not meet the inclusion 

c riteria and subjects with incomplete data, 1 7 subjects 

remained. Data were collected using a retrospective chart 

rev iew from birth t o three years adjusted age. 

t he fol l owing inclusion crite r ia: 

Subjects met 

1 . Enrolled in the Newborn Intensive Care Program (NICP) 

and born between 1/1/1993 and 12/31/1993 in the state of 

Ari zona. 
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2. No death record. 

3. Singleton with birth-weight equal to or less than 1,500 

grams. 

4. Had a Family Health Automated Management Information 

System (FHAMIS) identification number. 

5. Had a final discharge P3 (form used by NICP to register 

children into NICP) . 

6. Had a Newborn Follow-up Clinic (NBFU) record with all 

clinic visits attended to at least 30 months of age. 

Because certain conditions can influence the quality of 

a premature infant's growth, children with known serious 

illnesses or anomalies were excluded from this study. This 

exclusionary criteria was necessary so that the assessment 

of growth patterns was reflective of normal trends in 

premature infant growth, rather than reflecting trends in 

growth of premature infants with physiological anomalies or 

serious illnesses that compounded their premature status. 

Subjects were excluded if they had one or more of the 

following condition(s) for more than one month or were 

discharged from the hospital with one or more of these 

conditions : craniofacial, cardiovascular or 

gastrointestinal anomalies; necrotizing enterocolitis; 

gastroesophageal reflux or other gastrointestinal 



conditions; problems that might influence enteral feeding, 

(such as ventilatory support); or pneumonia. 
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Children with the aforementioned conditions were 

excluded because having these conditions puts them at higher 

risk of failing to thrive and, therefore, their growth would 

not be reflective of the normal trends in premature infant 

growth. Homer and Ludwig (1981) suggest that children who 

may be at risk for developing organic FTT (OFTT) fall into 

three categories. The first category includes genetic, 

congenital, and chromosomal abnormalities. Fetal alcohol 

syndrome, gastroschisis, palatal abnormalities, Down 

syndrome, dwarfing disorders, and achondroplasia are some of 

the disorders included in this category. These types of 

disorders can affect feeding and growth in a variety of 

different ways. It is probable that the child will not 

receive enough food, will remain hungry and in a state of 

caloric deficit. 

The second category of conditions that affect feeding 

and growth includes disorders that cause malabsorption 

and/or excessive loss of nutrients. Chronic ileocecal 

intussusception, gastroesophageal reflux, lactose 

intolerance, malrotation of the colon, hypoplastic stomach, 

necrotizing enterocolitis, short-bowel syndrome, pancreatic 

insufficiency, and pyloric stenosis are all included in the 
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second category. The physiology of each of these conditions 

is slightly different, but they each may result in poor 

growth. For example, a child with gastroesophageal reflux 

(GER) is unable to keep his or her food inside the body, 

hence he or she becomes deficient in calories and loses 

weight, or fails to grow properly. GER is caused by a 

relaxation or incompetence of the lower esophageal 

sphincter, which causes frequent return of stomach contents 

into the esophagus (Whaley, & Wong, 1991). The exact cause 

of GER is not known, but it is thought to be caused by 

delayed maturity of n e uromuscular functioning in the 

esophagus or impaired local hormonal control mechanisms 

(Whaley, & Wong, 1991). 

The third category of conditions affecting growth 

includes conditions that have multiple factors affecting 

nutrition, catabolism and the endocrine system. Disorders 

in this category include congenital heart disease, chronic 

heart disease, chronic nonprogressive encephal opathy , 

hydronephrosis, adrenal hyperplasia, diabetes insipidus, 

chronic o r recurrent urinary tract infection, and 

hypothyroidism. Chronic heart disease, for example, can 

cause a child to fail to thrive due to the disease's large 

nutritional requirements. Typically, a healthy child 

requires 110-120 kilocalories(kcal)/kilogram(kg)/day 
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(Gardner, & Hagedorn, 1991). A child with a chroni c illness 

may require between 150-200 kcal/kg/day (Gardner, & 

Hagedorn, 1991) It is often difficult for the chronically 

ill child to take in enough calories to support basal 

metabolic needs with enough calories left over for growth 

(Gardner, & Hagedorn, 1991). 

Human Subjects 

Because this study used a retrospective chart review, 

it is exempt from Human Subjects approval. Exempt status 

was obtained from the University of Arizona Human Subjects 

Committee (Appendix A). Permi s si o n t o use the data on the 

FHAMIS system was granted by Catherine E. Sinkey, RN, BSN of 

the Office of Women's and Children's Health at the Arizona 

Department of Health Services in Phoeni x , Arizona (Appendix 

B). 

Major Study Variables 

The major study variables were height, weight, and head 

c ircumference. Fo r purposes o f this study each v ar i ab l e is 

operati o nally defined as follows: 

He i g h t (H t . ) : Meas urement i n ce n timeters from t he crown 

o f t he chil d 's head to t h e h eel of a foot dorsiflexed at the 

a nkle. This is d o ne b y placing th e c h ild o n his or her b ac k 

o n t o p o f a paper barrier, extendi n g and s t retching t h e 

c hild's l e gs, making a mark on the pape r at the crown of t h e 
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head and another mark at the heel of the child's dorsiflexed 

foot. The dist ance in centimeters between the two marks is 

the height measurement. 

Weight (Wt.): Measurement in kilograms of the child's 

heaviness. This is done by placing the unclothed and 

undiapered child on a balance scale which has previously 

been balanced to zero and moving the balance weights until 

the scale is balanced. The weight at which the scale 

balances is the child's weight in kilograms. 

Head circumference (HC) : Measurement in centimeters of 

the occipito-frontal circumference of the child's head. 

This is done by placing the child in a supine position, and 

encircling the head with a soft tape measure at the level of 

the supraorbital ridges and the largest protuberance of the 

occiput . The tape measure is pulled firmly around the 

child 's head. The point at which the starting line on the 

tape measure lines up with the last line on the tape measure 

after encircling the head is the head circumference 

measurement. 

Extraneous Variables 

Postnatal growth depends on a number of intrinsic and 

extrinsic factors. Intrinsic factors include such factors 

as the child's genetics, neurological and endocrinological 

factors (Karniski, Blair, & Virtucci, 1987) and whether or 
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not the child was born prematurely (Hadders-Algra, & Towen, 

1990). Extrinsic factors include the quality, quantity and 

type of nutritional intake; (Carlson, et al., 1992; Chan, et 

al., 1994; Lucas, et al., 1992) the child's health; and the 

quality and quantity of environmental stimulation (Gardner, 

& Hagedorn, 1991). 

There are several extrinsic factors which can be 

considered extraneous variables. These variables may impact 

premature infant growth and have an effect on the major 

study variables. They include: mother's age, educational 

level, marital status, socioeconomic status, race/ethnicity, 

gravida/para status and history of substance abuse. Data 

were collected on these variables and was originally 

intended to be used to statistically account for their 

effects on premature infant growth. However, due to the 

limited sample size, it was not possible to analyze the 

relationship between premature infant growth patterns and 

the aforementioned selected extraneous variables. Instead, 

the growth patterns for four representative babies were 

plotted and their demographic variables compared to the 

larger sample population. 

Measurement 

A spreadsheet was designed to log the data after it was 

retrieved from the FHAMIS system (Appendix C). Each row on 
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the spreadsheet identified a subject and each column 

identified a study variable. Each column variable was 

collectively quantifiable so that statistical analysis could 

be done. Data on infant's length, weight, and head 

circumference and extraneous variables were collected for a 

three-year period. Data on the FHAMIS system includes 

measurements made during nursing home visits and during NBFU 

clinic visits. Length, weight and head circumference 

measurements, which are not reported in metric, are 

converted to metric before they are entered into the FHAMIS 

system. Therefore, all growth measurements in the FHAMIS 

system were in metric form and were reported in metric form 

in this study. 

Data Collection Procedure 

The principal investigator went to the Arizona State 

Building in Tucson, Arizona to perform a computer search of 

data from newborn infants enrolled in the Newbo rn Intensive 

Care Program (NICP) . This data has been entered into the 

FHAMIS computer system which is part of Ariz ona State's 

Office of Women's and Children's Health. Data is c o llected 

off of various forms used by NICP and then entered into the 

FHAMIS system computer. The various forms used to enter 

da ta i n to t he FHAM I S system i nclud e : P2 , P3 , P4, P14, P50 

and developmental forms from NBFU visits (Appendix D). Data 

,-' 
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regarding the major study variables and selected extraneous 

variables was recorded from the FHAMIS system onto the 

spreadsheet that was discussed previously. 

Data Analysis 

Subject characteristics were analyzed using measures of 

central tendency and dispersion. The major study variables 

were analyzed using the Statistical Package for the Social 

Sciences (SPSS). Descriptive statistics were used to 

describe all study variables. 
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Data for this study were obtained by performing a 

computer search of data from newborn infants enrolled in the 

Newborn Intensive Care Program (NICP). This data is stored 

on the FHAMIS computer system which is part of the State of 

Arizona's Office of Women's and Children's Health. Data for 

60 subjects were initially obtained. After eliminating 

subjects who did not meet the inclusion criteria and 

subjects with incomplete data, 17 subjects remained. 

on 17 subjects were used in the data analysis. 

Data 

Data were analyzed using the Statistical Packages for 

the Social Sciences (SPSS) statistical analysis program. 

Data on subject variables were entered into the computer 

using SPSS. Descriptive statistics were generated using 

measures of central tendency and dispersion to describe the 

sample. Frequency data for all 17 subjects' visit dates; 

and actual and adjusted ages on date of visit; height, head 

circumference and weight measurements on date of visit were 

generated using SPSS. Since the growth measurements for 

each baby were not taken when every baby was the same age, 

syntax was written which requested that the computer 

r ecognize those babies whose growth measurements were at or 
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below the fifth percentile for height or head circumference 

or weight, from birth to three years. Data which was 

available from birth to three years was grouped into age 

ranges by year. For both actual and adjusted ages, 21 age 

ranges were used over the three-year period. 

Characteristics of Subjects and Their Families 

Data on subject characteristics are presented in Table 

1. The mean gestational age of the babies was 27.9 (range, 

24-36) weeks. Birth-weights ranged from 670-1,417 

(M=1,033.06) grams. The sample consisted of 47.9 % males and 

52.9 % females. The races of the children were as follows: 

White, 52.9 %; Black, 11.8 %; Indian, 11.8 %; Other, 23 .5 %. 

Non-Hispanic babies comprised 64.7 % of the sample and 29.4 % 

were Hispanic babies. 

for one subject. 

Datum on ethnicity was unavailable 

Data on frequency of medical conditions and treatments 

i n the sample are presented in Table 2 . Twelve (70.6 %) of 

the infants in this study had respir~tory distress syndrome. 

Four (23.5 %) suffered an intraventricular hemorrhage (IVH) 

grade one or two. None suffered an IVH grade three or four. 

Seven (41.2 %) of the babies were on intermittent positive 

pressure ventilation (IPPV) for greater than two, but less 

than seven day.s. The number of babies that were on IPPV for 
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Table 1. 

Subject Characteristics (N=17) 

Characteristics N 9-
0 M(SD) Incl. Range 

Gestational Age 
(weeks) 27 .90 (±3.1) 24-36 

Birthweight 
(grams) 1033.06 (±227.6) 670-1417 

Gender 
Male 8 47.1 
Female 9 52.9 

Race 
White 9 52.9 
Black 2 11 . 8 
Indian 2 11.8 
Other 4 23.5 

Ethnicityl 
Non-Hispanic 11 64.7 
Hispanic 5 29.4 

1Missing data on one subject 
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Table 2 . 

Frequency of Medical Conditions and Treatments (N=17) 

Medical Condition/Treatment N 0 -o 

Respiratory Distress Syndrome 12 70.6 

IVH grade 1 or 2 4 23 .5 

IVH grade 3 or 4 0 

IPPV >2 , <7 days 7 41.2 

IPPV ~7 , <30 days 2 11.8 



seven days or greater, but for less than 30 days, was two 

(11.8 %). 
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Family and maternal characteristics are presented in 

Table 3. Mothers of these babies ranged in age from 16-35 

years (M=22.5). Seven (41.2 %) were married at the time of 

birth. Eight (47.1 %) were not married. One mother (5.9 %) 

was separated and one (5.9 %) was divorced. The mean number 

of family members was 3.8 (range, 2-12) . Annual incomes for 

the families of these babies ranged from 0-35,000 dollars 

[M=12,496.30 (±11,677.42) J. 

Growth Patterns 

The following data answers the first two research 

questions: 

1. What percentage of the sample population was at or 

below the fifth percentile on the NCHS growth charts (birth 

to age three) when not corrected for prematurity? 

2 . What percentage of the sample population was at or 

below the fifth percentile on the NCHS growth charts (birth 

to age three) when corrected for prematurity? 

The First Year, Actual Age 

The number and percentage of female infants whose 

heights, head circumferences and weights were at or below 

the fifth percentile on the NCHS growth chart birth to one

year actual age are presented in Table 4. Data are 

presented by age ranges within this period of time. For all 

age ranges during this period, the number of subjects varied 
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Table 3. 

Family and Maternal Characteristics (N=17) 

Characteristic 

Mother's age 
(years) 

Mother's marital 
status 

Married 
Not married 
Separated 
Divorced 

Number of people 
i n family 

Annual income 
(dollars) 

N 

7 
8 
1 
1 

~ 
0 

41.2 
47.1 
5.9 
5.9 

M (SO) Incl. Range 

22.5 (±4.8) 16-35 

3.8 (±2.5) 2-1 2 

12,496.30(±11,677.42) 0-35,000 
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Table 4. 

Percent of Female Infants at or Below the Fifth Percentile 
on NCHS Growth Charts, Birth to One-Year Actual Age (N=9) 

Age range Nl Ht 2 HC 2 wt 2 
(in days) N 0 -o N % N ~ 

0 

Newborn 9 83 88.9 9 100.0 9 100.0 

< 30 1 1 100.0 1 100.0 1 100.0 

31 -60 1 1 100.0 1 100.0 1 100.0 

61-90 3 3 100.0 3 100.0 3 100.0 

91-120 4 4 100.0 3 75 .0 3 75.0 

121-150 3 3 100.0 2 66.7 1 33.3 

151-180 0 

181-210 2 2 100.0 2 100.0 2 100.0 

211 - 240 4 4 100.0 3 75.0 4 100.0 

2 41-270 3 2 66.7 3 100.0 2 66.7 

271-300 4 3 75.0 3 75 .0 4 100.0 

301-330 6 3 50.0 3 50.0 4 66.7 

3 31-360 2 2 100.0 1 50.0 0 

l Total number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 
3Missing data on one subject 



from zero to nine. Of the nine newborn females all had 

heights, head circumferences and weights which were at or 
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below the fifth percentile. 

subject's height. 

Datum was not available for one 

By three months of age (61-90 days), 100 percent of the 

babies (N=3) were at or below the fifth percentile for 

height, head circumference and weight. Between six and 

seven months (181-210 days), 100 percent of the babies (N=6) 

had heights and weights that were at or below the fifth 

percentile. Five (83.3 %) had head circumferences at or 

below the fifth percentile. At nine to ten months (271-300 

days), 75 percent of the babies (N=4) had heights and head 

circumferences at or below the fifth percentile. All of the 

babies (N=4) between nine and ten months (271-300 days) had 

weights at or below the fifth percentile. At one year (331-

36 0 days), 100 percent (N=2 ) had heights at o r below the 

fifth percentile, 50 percent (N=1) had a head circumference 

below the fifth percentile and none had a weight below the 

fifth percentile . 

The number and percentage of male infants whose 

heights, head circumferences and weights were at or below 

the fifth percentile on the NCHS growth chart, birth to one-

year actual age are presented in Table 5. For all age 

ranges within this time period, the number of subjects 
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Table 5 . 

Percent of Male Infants at or Below the Fifth Percentile on 
NCHS Growth Char t s , Birth to One - Year Actual Age (N=8) 

Age range Nl Ht 2 HC 2 wt 2 
(in days) N % N % N 0 -o 

Newborn 8 8 100 . 0 8 100.0 8 100 . 0 

< 30 0 0 0 0 

31 - 60 1 1 100 . 0 1 100 . 0 1 100 . 0 

61-90 3 3 100 . 0 3 100 . 0 3 100 . 0 

91 - 120 5 4 80 . 0 3 60 . 0 4 80 . 0 

121-150 2 1 50 . 0 0 1 50 . 0 

151-180 2 2 100 . 0 '} 100 . 0 2 100 . 0 L. 

181-2 10 2 2 100 . 0 2 100 . 0 2 100 . 0 

2 11 - 2 40 2 2 100 . 0 1 50 . 0 2 100 . 0 

2 41-270 4 4 100 . 0 3 75 . 0 3 75 . 0 

271-300 2 1 50 . 0 1 50 . 0 1 50 . 0 

30 1- 330 2 1 50 . 0 0 2 1 00 . 0 

331 -36 0 3 3 100 . 0 1 66.7 0 

l Total number of subjects f or which data was available at 
that age range 

2Ht is height ; HC is head circumference ; Wt is weight 
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varied from zero to eight. Of the eight newborn males, 100 

percent had heights, head circumferences and weights that 

were at or below the fifth percentile. At three months (61-

90 days) of age, 100 percent (N=3) were at are below the 

fifth percentile for all three parameters. Between six and 

seven months (181-210 days), 100 percent of the males (N=2) 

had heights, head circumferences and weights at or below the 

fifth percentile. Between nine and ten months (271-300 

days), 50 percent (N=1) had heights, head circumferences and 

weights at or below the fifth percentile. By one year 

(331 -360 days), three males (100 %) had heights at or below 

the fifth percentile, one (66.7 %) had a head circumference 

at or below the fifth percentile and none had a weight which 

was at or below the fifth percentile. 

The First Year , Adjusted Age 

Data for height, head circumference and weight for 

females less than 30 days adjusted age to one - year adjusted 

age are shown in Table 6. For all age ranges within this 

time period, the number of subjects varied from zero to 

eight. At less than 30 days adjusted age, eight (100 %) of 

the females were at or below the fifth percentile for 

height. Five (62.5 %) were at or below the fifth percentile 

for head circumference and seven (87.5 %) were at or below 

the fifth percentile for weight. Between two and three 



74 

Table 6. 

Percent of Female Infants at or Below the Fifth Percentile 
on NCHS Growth Charts, Birth to One-Year Adjusted Age (N=9) 

Age range Nl Ht 2 HC2 wt 2 
(in days) N £-

0 N 0 -o N % 

< 30 8 8 100 . 0 5 62.5 7 87.5 

31-60 0 

61 - 90 3 2 50.0 1 25.0 1 25 . 0 

91-120 3 0 1 33 . 3 0 

121-150 3 3 100 . 0 2 66 . 7 1 33.3 

151-180 3 0 1 33.3 0 

181-210 4 1 25.0 2 50.0 2 50 . 0 

211-240 5 1 20 . 0 0 1 20.0 

241-270 1 0 0 0 

271-300 1 0 1 100.0 0 

301-330 2 1 50.0 1 50.0 1 50 . 0 

331-360 1 0 1 100 . 0 0 

l Total number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference ; Wt is weight 



months adjusted age (61-90 days), 50 percent (N=2) were at 

or below the fifth percentile for height and 25 percent 
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(N=1) were at or below the fifth percentile for head 

circumference and weight. At six to seven months adjusted 

age (181-210 days), 50 percent of the babies (N= 2) were at 

or below the fifth percentile for head circumference and 

weight, and there wa~ one baby (25 %) whose height was at or 

below the fifth percentile. Between nine and ten months 

adjusted age (271 - 300 days), one baby (100 %) was at or below 

the fifth percentile for head circumference. No babies were 

at or below the fifth percentile for height or weight . By 

one-year adjusted age (331 - 360 days), no babies had a height 

or weight at or below the fifth percentile and one (100 %) 

had a head circumference that was at or below the fifth 

percentile . 

Data for height , weight and head circumference for 

males less than 30 days adjusted age to one - year adjusted 

age are shown in Table 7 . For all age ranges within this 

t ime period , the number of subjects varied fr om z e ro to 

seven . At le ss than 30 days adjusted age , s ix (85 . 7%) of 

the males had heights and weights which were at or bel ow the 

fifth percentile and four (57 . 1 %) had a head circumference 

at or below the fifth percentile. By three months of age 

(61-90 days) 50 percent (N=1) were at or below the fifth 

percentile for height , head circumference and weight . 

Between six and seven months adjusted age (181-210 days), 
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Table 7 . 

Percent of Male Infants at or Below the Fifth Percent i le on 
NCHS Growth Charts , Birth to One - Year Adjusted Age (N =8) 

Age r a nge Nl Ht 2 Hc 2 wt 2 
(i n days) N g. 

0 N % N 0 -o 

< 30 7 6 85 . 7 4 57 . 1 6 85 . 7 

31 - 60 2 2 1 00 . 0 0 0 

61 - 90 2 1 50 . 0 1 50 . 0 1 50 . 0 

91 - 120 1 0 0 0 

12 1-1 50 3 1 33 . 3 0 0 

1 51-180 3 1 33 . 3 1 33 . 3 2 66 . 7 

181 - 2 1 0 2 1 50 . 0 0 0 

21 1-240 2 0 0 1 50 . 0 

241 - 270 5 2 40 . 0 1 20 . 0 3 60 . 0 

271 - 300 0 

301 - 330 2 2 100 . 0 0 1 50 . 0 

331 - 360 4 2 50 . 0 2 50 . 0 3 75 . 0 

l Total number of subjects for wh ich da t a was available a t 
that age range 

2Ht is height ; HC is head circumference ; Wt is weight 
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50 percent (N=1) of the males had a height at or below the 

fifth percentile. None had a head circumference or weight 

that was at or below the fifth percentile. Between nine and 

ten months adjusted age (271-300 days), there were no male 

babies who had heights, head circumferences or weight that 

were at or below the fifth percentile. At one-year adjusted 

age (331 -36 0 days), two (50 %) had heights and head 

circumferences at or below the fifth percentile and three 

(75 %) had weights at or below the fifth percentile. 

The Second Year , Actual Age 

Data for height, head circumference and weight for the 

second year actual age for females are shown in Table 8. 

For all age ranges within this time period, the number of 

subjects varied from three to six. Between fifteen and 

eighteen months (451-540 days), 66.7 percent (N=4) of the 

females were at or below the fifth percentile for height, 

33 . 3 percent (N=2) had a head circumference at or below the 

fifth percentile , and 16.7 percent (N=1) had a weight that 

was at or below the fifth percentile. By two-years of age 

(631 -7 20 days), only one (20 %) of the females was below the 

fifth percentile for height, head circumference and weight. 
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Table 8. 

Percent of Female Infants at or Below the Fifth Percentile 
on NCHS Growth Charts, Second Year Actual Age (N=9) 

Age range 
(in days) 

361-450 

451-540 

541-630 

631-720 

3 

6 

4 

5 

1 

4 

3 

1 

Ht 2 
N ~ 

0 

33.3 

66.7 

75.0 

20 .0 

N 0 -o N ~ 
0 

3 100.0 2 66.7 

2 33.3 1 16.7 

3 75.0 2 50.0 

1 20.0 1 20.0 

lTotal number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 



Data for males' heights, head circumferences and 

weights for the second year actual age, are presented in 

Table 9. For all age ranges during this time period, the 
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number of subjects varied from three to seven. Between 

fifteen and eighteen months actual age (451-540 days), 85.7 

percent (N=6) males had heights at or below the fifth 

percentile, 71.4 percent (N=5) had head circumferences at or 

below the fifth percentile and 100 percent (N=7) had weights 

at or below the fifth percentile. By two-years of age (631-

720 days), 80 percent (N=4) had heights and head 

circumferences at or below the fifth percentile and 100 

percent (N=5) had weights at or below the fifth percentile. 

The Second Year, Adjusted Age 

Data on height, head circumference and weight for 

females during the second year adjusted age are presented in 

Table 10. For all age ranges within this time period, the 

number of subjects varied from five to six. Between fifteen 

and eighteen months adjusted age (451~540 days), one (20 %) 

of the females had a height and weight at or below the fifth 

percentile. Two (40 %) had head circumferences at or below 

the fifth percentile. By age two adjusted (631-720 days), 

40 percent (N=2) had heights at or below the fifth 

percentile, and one (20 %) had a head circumference and 

weight below the fifth percentile. 
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Table 9 . 

Percent of Male Infants at or Below the Fifth Percentile on 
NCHS Growth Charts, Second Year Actual Age (N=8) 

Age range 
(in days) 

361 -450 

451 -540 

541-630 

631 -720 

6 

7 

3 

5 

Ht 2 
N % 

5 83.3 

6 85 .7 

1 66.7 

4 80 .0 

Hc 2 wt 2 
N % N % 

5 83.3 4 66.7 

5 71.4 7 100.0 

1 66.7 0 

4 80 .0 5 100.0 

lTotal number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 



Table 10. 

Percent of Female Infants at or Below the Fifth Percentile 
on NCHS Growth Charts, Second Year Adjusted Age (N=9) 

Age range 
(in days) 

361-450 6 3 

Ht 2 
N % 

50.0 

wt 2 
N 9-

0 N 

2 33.3 0 

81 

451-540 5 1 20.0 2 40.0 1 20.0 

541-630 5 0 1 20.0 0 

631-720 5 2 40.0 1 20.0 1 20.0 

l Total number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 
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Data on heights , head circumferences and weights for 

males during the second year adjusted age, are presented in 

Table 11 . For all age ranges within this time period, the 

number of subjects varied from three to six. Between 

fifteen and eighteen months adjusted age (451-540 days), 

33 . 3 percent (N=2) males had heights and weights at or below 

the fifth percentile, and 50 percent (N=3) had head 

circumferences at or below the fifth percentile. At two

years (631-720 days), 33.3 percent (N=1 ) were at or below 

the fifth percentile for height, head circumference and 

weight. 

The Third Year, Actual Age 

Data for females' heights, head circumferences and 

weights during the third year actual age, are presented in 

Table 12. For all age ranges within this time period, the 

number of subjects varied from one to four. Between 27-30 

months (8 11-900 days) none of the females (N=1) were at or 

below the fifth percentile for height# head circumference or 

weight. By the third year (991 -10 80 days), only one (33.3 %) 

was at or below the fifth percentile for height, head 

c ircumference and weight. 

Data for males' heights, head circumferences and 

weights during the third year actual age, are presented in 

Table 13. For all age ranges within this period of time, 
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Table 11. 

Percent of Male Infants at or Below the Fifth Percentile on 
NCHS Growth Charts , Second Year Adjusted Age (N=8) 

Age range 

(in days) 

361-450 

451-540 

541-630 

631-720 

5 

6 

4 

3 

Ht 2 
N % 

2 40.0 

2 33.3 

2 50.0 

0 

N % 

1 20.0 

3 50.0 

2 50.0 

1 3 3.3 

wt 2 
N 

4 

2 

3 

1 

g.. 
0 

80.0 

33.3 

75.0 

33.3 

l Total number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 



Table 1 2 . 

Percent of Female Infants at or Below the Fifth Percentile 
on NCHS Growth Charts, Third Year Actual Age (N=9) 

Age range 

(in days) N 

Ht 2 
9-
0 

wt 2 
N % N % 

84 

721-810 4 1 25 .0 2 50.0 1 25 .0 

811 -900 1 0 0 0 

901-990 4 3 75.0 2 50.0 1 25 .0 

991-1080 3 1 33 . 3 1 33 .3 1 33 .3 

l Total number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 
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Table 13 . 

Percent of Male Infants at or Below the Fifth Percentile on 
NCHS Growth Charts , Third Year Actual Age (N=8) 

Age range 

(in days) 

721-810 

811-900 

90 1- 990 

991-1080 

2 

5 

2 

3 

Ht 2 
N % 

1 50 . 0 

5 100 . 0 

1 50 . 0 

2 66 . 7 

Hc 2 wt 2 
N % N % 

0 1 50 . 0 

3 60 . 0 4 80 . 0 

0 1 50 . 0 

1 33 . 3 3 100 . 0 

1Total number of subjects for which data was available at 
that age range 

2Ht is height ; HC is head circumference ; Wt is weight 
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the number of subjects varied from two to five. Between 27 

and 30 months actual age (811-900 days), 100 percent (N=5) 

of the males had heights at or below the fifth percentile, 

60 percent (N=3) had head circumferences at or below the 

fifth percentile and 80 percent (N=4) had weights at or 

below the fifth percentile. By the third year (991-1080 

days), two (66.7 %) had heights at or below the fifth 

percentile, one (33.3 %) had a head circumference at or below 

the fifth percentile and three (100 %) had weights at or 

below the fifth percentile. 

Th e Third Year, Adlusted Age 

Data for females' heights, head circumferences and 

weights for the third year adjusted age, are presented in 

Table 14. For all age ranges within this period of time, 

the number of subjects varied from one to four. Between 

27 - 30 months adjusted age (811 - 900 days), 50 percent (N=2) 

of the females had heights and head circumferences at or 

below the fifth percentile. One (25 %) had a weight at or 

below the fifth percentile. By three years adjusted age 

(9 91-1080 days), there were no babies who were at or below 

the fifth percentile for height , and one (50 %) who was at or 

below the fifth percentile for head circumference and 

weight. 



Table 14. 

Percent of Female Infants at or Below the Fifth Percent ile 
on NCHS Gr owth Charts, Third Year Adjusted Age (N=9 ) 

Age range 

(in days) N 

Ht 2 
9-
0 N 

wt 2 
9-
0 N 9-

0 

87 

7 2 1- 8 10 1 0 0 1 100.0 

8 11-900 4 2 50.0 2 50.0 1 2 5.0 

901-990 3 1 33.3 0 0 

9 91-1080 2 0 1 50.0 1 50.0 

l Total number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 



Data for height, head circumference and weight for 

males during the third year adjusted age, are presented in 

Table 15. For all age ranges within this period of time, 
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the number of subjects varied from two to five. Between 27 

and 30 months adjusted age (811-900 days), one (33.3 %) of 

the babies had a height and weight that were at or below the 

fifth percentile. No babies between 27 and 30 months 

adjusted age had head circumferences at or below the fifth 

percentile. There were no babies who had heights, head 

circumferences, or weights that were at or below the fifth 

percentile at three years adjusted age (991-1080 days). 

Growth Patterns and Demographics for 

Four Representative Babies 

The following data on growth patterns and demographics 

answers the third and fourth research questions: 

3. What is the adaptive capacity, as measured by 

premature infant growth patterns, of a sample population of 

premature infants whose birth-weight was less than or equal 

to 1,500 grams? 

4. What is the relationship between adaptive capacity, 

measured by premature infant growth patterns, and selected 

cultural and biological factors? 
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Table 15 . 

Percent of Male Infants at or Below the Fifth Percentile on 
NCHS Growth Charts , Third Year Adjusted Age (N=8) 

Age range 

(in days) 

721-810 

81 1- 900 

901 - 990 

991-1080 

5 2 

3 1 

3 2 

2 0 

Ht 2 
N g.. 

0 

40.0 

33 . 3 

66 .7 

N % 

2 40.0 

0 

2 66.7 

0 

N 

3 

1 

2 

0 

wt 2 
g.. 
0 

75 .0 

33 .3 

66 .7 

l Total number of subjects for which data was available at 
that age range 

2Ht is height; HC is head circumference; Wt is weight 
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Growth patterns for two female infants and two male 

infants whose heights, head circumferences and weights were 

at or below the fifth percentile over a three-year period, 

are diagrammed in Figures 3 through 8 . Raw data are shown 

in Appendix E. These babies were chosen to represent the 

total sample because they had the most measurements 

available over the three-year time period. Due to the 

limited sample size, it was not possible to analyze the 

relationship between premature infant growth and selected 

extraneous variables. Therefore, selected demographics for 

these four infants were described a nd compared to the total 

sample population. 

Subject characteristics for the four representative 

babies are shown in Table 16. The mean gestational age of 

these four babies was 26 weeks (range , 24 - 29) . Birthweights 

ranged from 790-950 grams (M=858.5). The sample consisted 

of two females and two male babies. All four (100 %) of the 

babies were white. Seventy-five percent of them were Non -

Hispanic and one (25 %) was Hispanic. 

Data on frequency of medical conditions and treatments 

in the sample of four representative babies are presented in 

Table 17. 

syndrome. 

One (25 %) of the babies had respiratory distress 

One (25 %) suffered an intraventricular hemorrhage 

grade one or two. None suffered an IVH grade three or four. 
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SST-----------------------------------------------~-----

• ... X 

---.--Baby #1 Adjusted Age 

--G - Baby #1 Actual Age 

I 
- • - Baby #2 Adjusted Age 

45~~----~------------------------~ 
d 

~ - Baby #2 Actual Age 

B 3.6 6.4 7.3 9.5 10.4 13.9 i6.4 19.9 26.2 32.5 

Months 

Figure 3 . Growth patterns on NCHS growth charts fo r height 
for two representative female bab i e s, birth to 
three - years . 
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- X - Baby #2 Actual Age 
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~io re 4 . Gr o wt h patterns on NCHS growt~ charLS f o r weight 
fo r two representative female babie s , birth t o 
th ree - yea:cs . 
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Fiaure 6 . Growth pa t ~erns on NCHS growth char~s ~ 8 r height 
f o r two representa~ive ma le babies , birth to three - years . 
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~, au re 7 . Gr ow t h pattern s o n NCH S g r o wth charts f o r weig h t 
f o r two r e pr e sentative male b a bies , birth t o th r ee - yea r s . 



50 ~----------------------------------------------------

36 +---~------------------------~ ---+-----Baby #3 Adjusted Age 

I -a - Baby #3 Actual Age 
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d - ~ - Baby #4 Adjusted Age 
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-?K - Baby #4 Actual Age 

~So/o 

B 3.3 5.9 8.6 11.1 12 13.8 17 19.3 22.1 26.2 29.5 32.5 36.5 
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Figure 8 . Growth patterns on NCHS growth charts for head 
circumference for two representative male babies , birth to 
three - years . 
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Table 16. 

Subject Characteristics for Four Representative Babies (N=4) 

Characteristics N % !'1 (SO) Incl . Range 

Gestational Age 
(weeks) 26.0 (±2 . 16) 24 - 29 

Birthweight 
(grams) 858 . 5 (±79 . 5) 790 - 950 

Gender 
Male 2 50 
Female 2 50 

Race 
White 4 100 
Black 0 
Indian 0 
Other 0 

Ethnicity 
Non - Hispanic 3 75 
Hispanic 1 25 



Table 17 . 

Frequency of Medical Conditions and Treatments for Four 
Representative Babies (N=4) 

Medical Condition/Treatment N 9-
0 

Respiratory Distress Syndrome 1 25 

IVH grade 1 or 2 1 25 

IVH grade 3 or 4 0 

IPPV >2 , <7 days 2 50 

IPPV '2. 7' <30 days 0 

98 



Two (50 %) were on IPPV for greater than two, but less than 

seven days. None were on IPPV for between seven and 30 
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days. Family and maternal characteristics are presented in 

Table 18. Mothers of these babies ranged in age from 17-22 

years (M=20.75). One (25 %) was married at the time of the 

baby's birth. Two (50 %) were single. One (25 %) was 

divorced. The mean number of family members was 3.75 

(range, 3-5). Annual incomes for the families of these four 

babies ranged from 8,500-25,000 (±8459.16) dollars. Data on 

family income was missing for one subject. 

Smmacy 

For this study , data from seventeen babies was 

analyzed. Females (N=9) and males (N=8) were fairly equally 

represented. The sample was not homogenous in relation to 

race and ethnicity and included Whites, Blacks, Indians and 

Others. For growth measurements over a three-year period, 

there was almost always one or more babies who were at or 

be l ow the fifth percentile f o r height, head circumference or 

weight. When babies' ages were adjusted, a smaller 

proportion were at or below the fifth percentile for height, 

head circumference or weight. However, there was anywhere 

from twenty percent to one hundred percent of the babies 

wi th a height, head circumf erence or weight that was at or 

below the fifth percentile over the three-year period. 
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Table 18. 

Family and Maternal Characteris tics for Four Representative 
Babies (N=4) 

Cha racte ristic 

Mother. .~ s age 
(year,s :r 

Mother's marital 
status 

Married 
Not married 
Separated 
Divorced 

Number of people 
in family 

Annual income 
(dollars) l 

N 

1 
2 
0 
1 

% 

25 
50 

25 

l Missing data on one subject 

M (SD) Incl. Range 

20 . 75 (±2 . 5) 17-22 

3 .7 5 (±.957) 3 - 5 

15 , 670 . 67(±8459 . 16) 8500 - 25 , 000 
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For adjusted age, there were very few points in time over 

the three years when there were no babies at or below the 

fifth percentile f o r height, head circumference or weight. 

Generally, f o r each of the three years, more males than 

females demonstrated growth patterns that were at or below 

the fifth percent i le for height, weight and head 

circumference. 



CHAPTER FIVE 

DISCUSSION 

Data from nine females and eight males were used in 
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this study. The sample consisted of babies whose races were 

White, Black, Indian, and Others; and whose ethnicities were 

Hispanic and Non-Hispanic. Generally, these babies were 

relatively healthy. The majority spent less than one week 

on IPPV. Only four of the babies in the sample suffered an 

IVH grade one or two, and none suffered an IVH grade three 

or four. 

The First Year 

Every female baby was below the fifth percentile for 

height, head circumference and weight when she was born. 

During the first year of life, the majority of the females 

continued to have heights, head circumferences and weights 

below the fifth percentile. And by the time they reached 

one-year actual age, all of the females for which data was 

available, continued to be below the fifth percentile for 

height. One had a head circumference which was at or below 

the fifth percentile and none had weights at or below the 

fifth percentile. 
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When the female babies' ages were corrected for 

prematurity, they still continued to have heights, head 

c i rcumferences and weights which were at or below the fifth 

percentile. Despite having their age corrected for 

prematurity, between one fifth and all of the babies had 

heights, head circumferences or weights at or below the 

fifth percentile at three, six and ten months. At ten 

months, however, there were not female subjects who were at 

or below the fifth percentile for height or weight. There 

were few points in time during the first year adjusted age 

when no baby had a height, weight or head circumference at 

or below the fifth percentile. However, at one-year 

adjusted age there were no babies who had heights or weights 

at or below the fifth percentile, and only one with a head 

circumference at or below the fifth percentile. By 

adjusting these babies ages, a smaller percentage of them 

were at or below the fifth percentile duri n g the first year 

than when not adjusted. However, there were still babies 

that remained at or below the fifth percentile for the maj o r 

study variables. Mere l y adjusting these babies' ages did 

n o t assure that the y demonstrated growth patterns similar t o 

the full-term babies that were used to develop the NCHS 

growth charts. 
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Every male baby in the sample was at or below the fifth 

percentile on the NCHS growth charts when born. During the 

first year, all of the male babies, for which data was 

available, remained at or below the fifth percentile at 

three and six months. Half were at or below the fifth 

percentile by ten months. At one year, males continued to 

show growth patterns at or below the fifth percentile for 

height, as did the females. Only one had a head 

circumference at or below the fifth percentile, and none had 

a weight at or below the fifth percentile. This pattern was 

similar in the females. Although there were both females 

and males who had growth measurements at or below the fifth 

percentile during the first year, a greater proportion of 

males than females were at or below the fifth percentile at 

various times during the first year. 

When males' ages were adjusted during the f i rst year, 

their growth showed a different pattern than that of the 

females. When the male babies were between two and three 

months adjusted age, only one of them was at or below the 

fifth percentile for height, head circumference and weight. 

This was fifty percent of the male babies for which data was 

available. A greater percentage of females had heights at 

or below the fifth percentile during this time period, but a 

smaller percentage had head circumferences and weights at or 

,- ' 
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below the fifth percentile. However, by seven months, only 

one (50 %) male had a height at or below the fifth percentile 

and none had head circumferences or weights at or below the 

fifth percentile. During this same time period, a greater 

proportion of females had head circumferences and weights 

which were at or below the fifth percentile than the males. 

There were no male babies at or below the fifth percentile 

for any growth measurements between nine and ten months. 

This was the same with the females. However, one female had 

a head circumference at or below the fifth percentile during 

the same time period. By the time males were one-year 

old adjusted age, half of them had heights and head 

circumferences at or below the fifth percentile. A larger 

proportion, seventy-five percent, had weights that were at 

or below the fifth percentile. This pattern was different 

for the females, who appeared to catch-up to the growth 

curves by the time the were one-year adjusted age. Fifty to 

seventy-five percent of the males, however, remained at or 

below the fifth percentile even though their ages had been 

corrected for prematurity. 

When the males' actual age growth patterns were 

compared to the adjusted age growth patterns, a smaller 

percentage of them were at or below the fifth percentile 

during the first year than when not adjusted. However, both 
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males and females continued to have heights, head 

circumferences and weights that remained at or below the 

fifth percentile. Merely adjusting these babies' ages did 

not assure that they demonstrated growth patterns similar to 

the babies that were used to develop the NCHS growth charts. 

During the first year, a larger percentage of the 

premature infants in this study had growth measurements at 

or below the fifth percentile when actual age was compared 

to adjusted age. Other authors (Elliman, et al., 1992) have 

described a similar trend. Furthermore, in this study as in 

others (Qvigstad, et al., 1993; Sheth , et al., 1995), the 

heights and head circumferences of the infants during the 

first year actual age did not catch up to the heights and 

head circumferences growth of term infants. 

During the first year adjusted age, Kimble (1982) found 

that more males than females were below the fifth percentile 

at one-year adjusted age for height and weight. A larger 

percentage of females than males had head circumferences 

below the fifth percentile at one-year adjusted age. 

Exactly the same pattern of growth was demonstrated in this 

study. At one-year adjusted, a greater percentage of males 

compared to females had heights and weights at or below the 

fifth percentile, but a greater percentage of females had 

head circumferences at or below the fifth percentile. 
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The Second Year 

Between 15 and 18 months, a larger proportion of 

females continued to be at or below the fifth percentile for 

height than for head circumference or weight. By two years 

actual age, data was available for five subjects and one of 

them continued to have a height, head circumference and 

weight which was still below the fifth percentile. 

The males demonstrated a more dramatic pattern by the 

second year. More than three quarters of the males had 

heights and head circumferences at or below the fifth 

percentile, and all of the males babies, f or which data was 

available, were at or below the fifth percentile for weight. 

Compared to the females, there were more males with growth 

measurements at or below the fifth percentile during the 

second year. It appeared that even though some of the 

females remained at or below the fifth percentile for growth 

measurements, they were beginning to get closer to the NCHS 

norms, but a greater proportion of the males continued to be 

below the NCHS norms. 

When females' ages were adjusted, by the second year a 

greater proportion of them continued to have heights which 

were at or below the fifth percentile when compared to the 

males . The ma l es continued to have a greater proportion of 

weights and head circumferences that were at or below the 



108 

fifth percentile. Even though females' and males' ages were 

adjusted during the second year, there continued to be both 

female and male babies whose heights, head circumferences 

and weights remained at or below the fifth percentile. The 

only time at which there were no male babies who had growth 

measurements at or below the fifth percentile was at two 

years adjusted, and this was only for height. Except for 

the males' heights at two years adjusted age, adjusting the 

females' and males' ages did not completely erase the 

differences between this samples' growth pattern during the 

second year adjusted and the growth pattern of the babies 

that were used to develop the NCHS norms. 

The results of this study, as well as the results of 

other studies (Casey et al., 1991; Karniski, et al., 1987), 

have demonstrated that even when premature infants' ages are 

corrected for prematurity, they continue to demonstrate 

growth patterns that are not identical to that of term 

infants. In this study, when females' and males' ages were 

adjusted, they continued to have growth measurements at or 

below the fifth percentile. Different from another study 

(Kimble, 1982), a larger percentage of males than females in 

this study had head circumferences at or below the fifth 

percentile at two-years adjusted age. Different also from 

Kimble's study, was a larger percentage of females compared 
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to males, in this study, had height measurements at or below 

the fifth percentile at two-years adjusted age. 

The Third Year 

During the third year , both males and females continued 

to demonstrate growth patterns at or below the fifth 

percentile for all three major study variables. As in the 

two previous years, more males than females demonstrated 

growth patterns at or below the fifth percentile for all 

three major study variables, with the largest number of 

subjects having weights which were at or below the fifth 

percentile. 

When ages were adjusted during the third year, the 

females' height measurements seemed to catch up to the NCHS 

norms, as none of the babies for which data was available at 

three years adjusted age, had a height at or below the fifth 

percentile. There did, however, continue to be one baby who 

was at or below the fifth percentile for head circumference 

and wei ght. Once again, adjusting the ages for these babies 

did not completely erase the differences between their 

pattern of growth and the pattern of growth in the babies 

that were used to develop the NCHS norms. 

When males' ages were adjusted, they continued to 

demonstrate growth patterns below the NCHS norms. But, 

different from the females, by the time they were three, 
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there were no growth measurements (only two were available) 

that were at or below the fifth percentile for height, head 

c i rcumference or height. In this sample, by the time the 

males were three-years-old adjusted age, there were no 

babies who fell below the norms of the NCHS growth charts. 

The results for the third year in this study are 

s i milar to what others have found. Researchers (Elliman, et 

al., 1992; Qvigstad, et al., 1993) have described 

differences between term infant growth and premature infant 

growth, even when premature infant ages are corrected for 

prematurity. These differences continue d for longer than 

three years, and for up to seven years (Elliman, 1992). 

Elliman concluded that by stopping correction of premature 

babies' ages at two or three-years of age, there is a risk 

of misinterpreting a decrease in height as evidence of 

g r owth retardation. 

Kimble (1982) found that more males than females 

continued to be below the fifth perc~ntile on the NCHS 

g r owth charts for height and weight when corrected for 

prematurity. However, for head circumference, a greater 

percentage of female babies in Kimble's study were below the 

fifth percentile for corrected age on the NCHS charts when 

compared to males. These results were different from what 

was found in this study. By three-years adjusted age, there 
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were no males who were at or below the fifth percentile for 

any measurements, and only one female out of two, with a 

head circumference and weight at or below the fifth 

percentile. 

Four Representative Babies Compared to Total Sample 

Characteristics of the two female and two male babies 

who were chosen to represent the sample will be discussed 

and compared to the characteristics of the total sample. A 

discussed previously, these babies were chosen to represent 

the total sample because they had the most measurements 

available over the three-year time period. Due to the 

limited sample size, it was not possible to analyze the 

relationship between premature infant growth and selected 

extraneous variables . Therefore, selected demographics for 

these four infants were described and compared to the total 

sample population. 

The mean gestational age of these babies was slightly 

lower than that of the entire sample. Their mean 

birthweights were, accordingly, lower than those of the 

sample population. All four of these babies were White, 

compared to the larger sample which included Whites, Blacks, 

Indians and Other. 

One of the babies (25 %) in the representative sample 

had respiratory distress syndrome, compared with 12 babies 
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(71 %) in the larger sample. One baby (25 %) in the 

representative sample suffered and IVH grade 1 or 2 , 

compared with four (24 %) in the larger sample. There were 

two (11 .8 %) babies in the larger sample who were on IPPV 

between seven and 30 days. None of the babies in the 

representative sample were on IPPV for that amount of time. 

There were seven babies (41 %) in the larger sample who were 

on IPPV for greater than two, but less than seven days. Two 

babies (50 %) in the sample population were on IPPV for that 

amount of time. Even though these four babies were 

relatively healthy, they sti ll had growth measures that were 

at or below the fifth percentile for both actual and 

adjusted ages during the first three-years of their lives. 

The mean age of the mothers of these four 

representative babies was slightly lower than the mean age 

of the mothers in the larger sample. A larger percentage of 

these mo thers were not married at the time of birth when 

compared to the larger sample. The same number of mothers 

were divorced in the representative sample as in the larger 

sample . The average number in the family was quite similar 

for both groups, however, the range was much smaller in the 

representative sample as compared to the larger sample. 

Average annual incomes in the representative sample were 

only slightly higher than in the larger sample. Datum on 
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annual income was missing, however, for one baby in the 

representative sample. It is unclear how this would have 

altered the average annual incomes for the families of these 

four babies. 

Limitations 

There were several limitations in this study that need 

to be addressed. Data from a retrospective chart review is 

only as accurate, reliable and complete as the people were 

who made and recorded the original measurements. For these 

reasons there are various limitations to this study. 

All growth measurements were taken by people, other 

than the researcher, using methods that may not have been 

consistent. Researchers (Ifft, Engstrom, Meier, Kavanaugh, 

& Youse£, 1989) showed that for head circumference 

measurements of preterm infants, the interrater reliability 

for two nurses was 50 and 60.4 percent. There were even 

intrarater differences in the head circumference 

measurements when the same nurse repeated her own head 

measurements on the same baby up to four times. Data on 

head circumference measurements of the seventeen very-low

birth-weight, premature infants in this study were collected 

by an unknown number of people, under unknown conditions and 

with unknown technique. The type of training they received 

before performing the measurements is also not known. All 



of these factors increase the likelihood of errors during 

collection of head circumference measurements. 

Another group of researchers (Rosenberg, Verzo, 

Engstrom, Kavanaugh, & Meier, 1992) determined the 

reliability of length measurements for preterm infants. 
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They found that there were problems with both interrater and 

intrarater reliability. Because there were differences in 

interrater and intrarater measurem~nts, even though the 

length measures were performed under highly controlled 

conditions, the authors concluded that the precision of 

length measurements obtained in routine clinical practice is 

probably overestimated. These findings have implications 

for the reliability of the length measures for the infants 

in this study. An undetermined number of people, under 

unknown conditions, obtained the growth measures used for 

this study. Thus, it is unclear as to the precision of the 

results of the length measurements. 

Kavanaugh, Engstrom, Meier, & Lysakowski (1990) tried 

to determine the intrarater and interrater reliabi l ity of a 

weighing procedure using two types of scales, mechanical and 

electrical. They found that having the same person weigh 

the premature baby multiple times was not as important as 

the type of scale that was used. The intrarater reliability 

for the mechanical scale was lower than the interrater 
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reliability for the electrical scale. In o ther words, it 

was more precise for either of the nurses in the study to 

weigh and infant on the electrical scale than for the same 

nurse to weigh the infant multiple times on the mechanical 

scale. Premature infants in the Newborn Intensive Care 

Program are usually weighed on mechanical scales. This may 

be a limitation in this study because it is difficult to 

know if the various weight measurements reported were 

accurate. 

There are other limitations related to the fact that 

data collection was conducted by a retrospective chart 

review. It is possible that the person performing the 

measurement may have written it down incorrectly on one of 

the P forms. The person entering the data from the P form 

into the FHAMIS system may have entered it incorrectly. 

During data collection, errors may have been made when 

collecting data off of the computer and logging in onto the 

spreadsheet. There also may have been errors when the data 

from the spreadsheet was entered into the SPSS program. No 

reliability checks were performed to determine if any errors 

were made during data collection or when entering data into 

SPSS. 

At each point in time when growth measurements were 

available on the FHAMIS system, only the date of the visit 

... 
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was available, not the baby's age on that day. For this 

reason, t o make the data usable, it was necessary to 

calculate each babies' age for every point in time that 

growth measurements were available. After calculating 

actual age, it was necessary to calculate adjusted age, and 

then change both of these results into number of days. It 

is possible that during this process errors were made in 

calculating the babies ages, making them appear younger or 

older than they actually were on the date the measurements 

had been taken. 

Information was used from the P3 form to determine what 

medical treatments and conditions each of the initial sixty 

infants who were at or below 1,500 grams at birth had during 

hospitalization. It is possible that a particular infant 

had an exclusionary medical condition or treatment that was 

not checked off on the P3 f o rm, and, therefore, the infant 

was inappropriately included i n the study. Children who 

we re born small for gestati onal age or with intrauterine 

g rowth retardation could n o t be excluded from this study 

because this b o x was inconsistently checked off on the P3 

f o rm. Thus, this data was unreliable. It is also possible 

that during the time period between 1/1/1993-12/31/1993 

there were very-low-birth-weight, premature infants born who 
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were not registered into NICP, and therefore, were not 

included in this study. 

The small sample size, 17 subjects, was also a study 

limitation. Initially , information was collected on 60 

subjects who were born equal to or less than 1,500 grams. 

Fifteen of them had to be excluded because they were on IPPV 

for greater than 30 days. Since this population of babies 

was born so early, it was not surprising that a large number 

of them were on IPPV for greater than 30 days. Excluding 

babies who were on IPPV for greater than 30 days severely 

decreased the sample size and, in retrospect, possibly 

should not have been used as an exclusionary criteria. 

Because a number of premature babies who are born with very

low-birth-weights need to be on IPPV for greater than 30 

days, it would be prudent to include them in a study which 

describes the growth patterns of very-low-birth-weight, 

premature infants instead of excluding such a large 

proportion of premature infants from being studied. 

In the interest of time and because it cannot analyze 

head circumference data, the statistical program, Epi Info, 

was not used to analyze the growth measures of these very-

low-birth-weight, premature infants. Data on growth 

measures had already been entered into SPSS and in order to 



be timely and to avoid data entry into another program, 

growth measures were analyzed by using SPSS. 
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Since the statistical program, Epi Info, was not 

utilized to analyze the data, age ranges coupled with the 

lowest permissible height, head circumference or weight 

measurement, were used to determine the percentage of babies 

at or below the fifth percentile at various points in time. 

Age ranges were occasionally too wide so that a baby who was 

on the younger side of the age range occasionally fell above 

the fifth percentile. Because of the way the syntax was 

written, the computer recognized the baby as being at or 

below the fifth percentile (because the baby's measurement 

was equal to or smaller than what the syntax said), but on 

the actual growth curve, the measurement was above the fifth 

percentile due to the baby's age. For the limited occasions 

where this happened, the measurement was only slightly above 

the fifth percentile and never passed the tenth. Results 

may have been more precise had Epi Info been used. 

Epi Info has the capability to analyze growth measures 

of individual babies, compare them directly to the NCHS 

growth charts, and determine at what percentage that baby's 

height, and weight fall. Because Epi Info was not utilized, 

the author was not able to compare each baby's actual age 

measurements directly to his or her adjusted age 
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measurements. It would have been useful to determine the 

e xact percent of the babies who were at or below the fifth 

percentile for actual age for height, head circumference and 

weight over the three-year period, and then the percent who 

were at or below the fifth percentile for adjusted age, over 

the three-year period, to see how each individual baby 

differed between actual and adjusted ages for each of the 

three major study variables. 

Conclusions and Implications 

In the sample population, there were no infants with 

serious medical conditions which were likely to interfere 

with the quality of their growth. Children with severe 

medical conditions were excluded from the study so that 

growth patterns of relatively healthy, very-low-birth

weight, premature infants could be described. This study 

showed, as other studies (Casey, et al., 1991; El liman, et 

al., 1992 ; Qvigstad et al., 1993, & Sheth et al., 1 9 95) have 

shown, that even in the absence of illness, preterm infants 

d o not grow in the same manner as term infants. 

The findings of this study demonstrated that there were 

female and male babies who had heights, head circ umferences 

and weights at or below the fifth percentile for both actua l 

and adjusted ages from birth up t o three years of age. Fo r 

this reason, it is important that additional research be 
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conducted to describe patterns of growth in an even larger 

sample of very-low-birth-weight, premature infants. 

Furthermore, since investigators (Cooke, et al., 1993) have 

found that there are differences in the way that premature 

infants grow depending on whether their birth-weights were 

less than 1,000 grams or between 1,000 and 1,500 grams, more 

research needs to be conducted to describe patterns of 

growth in both extremely-low-birth-weight and very-low

birth-weight, premature infants. 

Currently in clinical practice, premature infant's 

growth measurements are only adjusted for two years. In 

this study, as in others (Elliman, et al., 1992; Qvigstad et 

al., 1993), there continued to be babies whose growth 

patterns remained at or below the fifth percentile after two 

years of age, even when adjusted for prematurity. For the 

females, this continued until three years actual and 

adjusted age, at which point data was not analyzed further. 

Fo r the males, this pattern continued until 33 months 

adjusted age. Since data was not analyzed further after 

three years, it is imposs i ble to know whether or not these 

babies continued to demonstrate growth patterns at or below 

the fifth percentile on the NCHS growth charts for an even 

l onger period of time. 
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Since premature babies' growth measurements in clinical 

practice are currently only adjusted for two years, and some 

in this study continued to demonstrate growth patterns at or 

below the fifth percentile for at least a year beyond that, 

it may be prudent to continue to adjust very-low-birth

weight, premature babies' ages for more than a two-year 

period of time. Furthermore, since numerous babies in this 

study continued to be at or below the fifth percentile, 

despite having their ages adjusted for prematurity, it is 

still imperative to develop a growth chart for use from 

newborn, to at least three years of age, that is based on 

the growth patterns of very-low-birth-weight, premature 

infants. Without a chart that is based on premature infant 

growth patterns, it is not possible to accurately diagnose 

growth disorders. 

Use of inappropriate growth charts to measure growth 

patterns of very-low-birth-weight, premature infants makes 

i t difficult to determine whether a baby is truly failing to 

thrive . Because there were babies whose growth measurements 

were at or below the fifth percentile on the NCHS growth 

charts , it is possible that some of them were diagnosed with 

failure to thrive and interventions to correct the problem 

were implemented. Since this study did not focus on failure 

to thrive, the number of babies who were diagnosed with 



failure to thrive, and the types and frequencies of 

interventions, were not determined. 
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Once growth charts for very-low-birth-weight, premature 

infants are created, further research is needed to determine 

the percentage of these babies who truly fail to thrive (as 

based on a valid instrument). Only then can research begin 

to explore how environmental, biological and cultural 

factors influence premature infants' growth. If we do not 

truly know how very-low-birth-weight, premature infants 

grow, it is difficult to demonstrate how positive or 

negative changes in babies' environments, medical conditions 

or social situations influence their patterns of growth. 

The Human Ecosystem Model, which was used to guide this 

study, is based on the idea that the health-sickness process 

is the result of multi-factor interactions on environmental, 

biological and cultural levels. If an infant is born 

prematurely, its environment changes dramatically. It goes 

from being inside its mother, to being outside in a much 

different world. Because the baby's environment changed, 

a ccording to the Human Ecosystem Model, the child may grow 

differently than had it remained inside its mother, because, 

humanmade factors, such as intravenous feedings and 

respirators, now begin to influence its growth. Biologic 

factors , such as illness, may further affect the baby's 
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growth caus i ng it to grow differently than a term infant. 

Cultural fa c tors, such as the s o cioeconomic status o f the 

baby's famil y , may influence the baby's growth if for 

example, the family is unable to purchase appropriate food 

for the baby. 

According to the Human Ecosystem Model, the growth of 

premature infants is dependent on a complex web of 

influences, which are different from those that term infants 

e xperience. For this reason, it is important to base 

assessments of premature babies' growth on appropriate 

instruments. If appropriate instruments are not used, it is 

possible that incorrect judgments may be made about the 

quality of their growth. Using appropriate instruments will 

help to ensure that correct judgments are made about 

premature infants' growth. Only when it is determined that, 

based on premature infant growth patterns, a premature 

i nfant is not growing properly, is it appropriate to 

i ntervene. The goal then becomes to assist the infant to 

grow as well as possible under the influence of his or her 

specif i c environmental, biologi c al, and cultural fa c tors. 
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APPENDIX A 

HUMAN SUBJECTS APPROVAL 



THE UNIVERSITY OF 

Human Subjects Commil!ee ARIZONA~ 1622 E. Mabel 5!. 
P.O. Box 245137 
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HEAL Tl-l SCIENCES (ENTER Tucson . Arizona 85724-5137 
(520) 626-6i21 

3 October 1997 

Janette M. Carpenter, BSN, RN 
c/o Jean Davis, Ph.D. 
College of Nursing 
PO BOX 210203 

RE: GROWTH IN PREMATURE INFANTS EQUAL TO OR BELOW 1, 500 GRAMS 
BIRTHWEIGHT 

Dear Ms. Carpenter: 

We have received documents concerning your above cited project. It 
is our understanding that this project involves the review of 
existing database records from which i dentifiers will be removed. 
Therefore, regulations published by the U.S. Department of Health 
and Human Services [45 CFR Part 46. 101 (b) (4)] exempt this type of 
research from review by our Committee. 

Thank you for informing us of your work. If you have any questions 
concerning the above, please contact this office. 

S i ncerely yours, 

William F Denny, M.D. 
Chairman 
Human Subjec~~ Com~~ttce 

WFD: j s 
cc: Departmental/College Review Committee 
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APPENDIX B 

LETTER OF PERMISSION TO USE STATE DATA 



Bureau of Conununity and Fanzily Health Services 
Office of Women's and Children's Health 
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Arizona //i r\·~--< 

Deparbnent of 
Health Services 

411 N. 24th Street 
Phoenix. Arizona 85008-6013 
(602) 220-6550 

FIFE SYMINGTON . GOVERNOR 

JACK DILLENIJERG. D.D.S .. M .P.H .. DIRECTOR 

(602) 220-6551 fAX 

June I I, 1997 

Janette Carpenter. R.N .. B.S.N. 
3022 North Santa Rita A venue 
Tucson Arizona 85719 

~avttu 
Dear Ms. Carp~er : 
Permission is ~~anted for you to use NICP data for your thesis. I shared your request for 
permission with our Community and Family Health Medical Director, Dr. Sundin Applegate. 
Since failure to thrive is a bard diagnosis to describe. Dr. Applegate has suggested that you look 
at this vulnerable group and provide us with data we can use to evaluate and improve the Newborn 
Intensive Care Program's service to these infants as well. 

I hope the information fits in with your thesis study. I understand you will be looking at 
premature infants 1500 grams or less at birth and will compare the outcomes of those infants with 
other infants on a national basis . The questions the NICP would like answered include: 

How does the growth and development of Arizona infants compare to national 
outcomes? 
How does the infant's ethnicity. mother's age and educational level. socioeconomic 
status and the infant's birth and ongoing medical conditions impact growth and 
development? 

Most of your data, as I understand will come from the records of infants you are providing service 
for as a community health nurse and generalized agg regate data that will not need a specific 
child's name . To retain our families' confidentiality. no iuentifying information may be used . 
The information must be pulled on your own time anu not on hours billed to ADHS . 

(
Since you are using NICP data. you must senu the results of your study to Jeanette Shea-Ramirez 
or someone selected by her for review before printing ami distribution. 

Thank you for your dedication and service to Arizona's smallest citizens . I look forward to 
reading your thesis . 

&_) 0Lf]iL Q~ 
Since.r-~. 

Cather· e E. Si:t~. R.N., B.S .N. 
Office of Women 's and Children's Health 

Leadership for a flealrhy Arizona 
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FHAMIS ID 

DOB 

SEX 

RACE 

ETHNIC 

BIRWT 

GESAGE 

ADMWT 

ADMLNG 

ADMHC 

APGAR 1 

APGAR 2 

DC APM 

DC 0 2 

DC SPFD 

DC WT 

DC HC 

DC DATE 

DRUGS 

BILIRX 

Variable Coding Dictionary 

Variable 

Family Health Automated Management Infor 
mation System Identification Number 

Date of birth 

Gender 

Race 

Ethnicity 

Birth weight 

Gestational age 

Admit weight 

Admit length 

Admit head circumference 

Apgar at one minute 

Apgar at five minutes 

Di scharged on apnea monitor 

Discharged on o xygen 

Discharged on special feeding/diet 

Discharge weight 

Discharge head circumference 

Discharge date 

Drug screen 

Bilirubin treatment 
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RES POX 

RESPCX 

RESPRX 

RESPSP 

CVDX 

GIGUDX 

NEURDX 

DYSMOR 

HEME 

OTHER 

SXPROC 

PRE CAR 

MOMAGE 

AGEBIRT 

MARSTA 

TOT PRE 

PRETER 

NOWLIV 

ANN INC 

FAMNUM 

DOV * 

ADJAGE 

Variable 

Respiratory diagnosis 

Respiratory complications 

Respiratory treatment 

Respiratory special therapy 

Cardiovascular diagnosis 

Gastrointestinal diagnosis/Genitourinary 
diagnosis 

Neurological diagnosis 

Dysmorphology 

Hemato l ogical diagnosis 

Other diagnosis 

Surgery procedures 

Prenatal care 

Mother's birth date 

Mother's age, in years , at birth of baby 

Mother's marital status at the time of 
baby's birth 

Total number of pregnancies 

Number of preterm births 

Number of children now living 

Family's annual income 

Number in family 

Date of visit 

Adjusted age on date of visit 
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Variable 

ACT AGE Actual age on date of visit 

HTIN Height in inches on date of visit 

HTCM Height in centimeters on date of visit 

WTLB Weight in pounds on date of visit 

WTKG Weight in kilograms on date of visit 

HCIN Head circumference in inches on date of visit 

HCCM 

FEEDS 

DEVAB 

T 

DEVSUS 

TYPES 

Head circumference in centimeters on date 
of visit 

Special feeding needs 

Developmental areas abnormal 

Description of abnormalities 

Developmental areas suspicious 

Description of suspicious 

* On the actual spreadsheet there were several repetitions 

of the group of variables from DOV to TYPES, to allow for 

the collection of data from numerous different visits during 

a three-year period 



FHAMIS 10 · 0 0 8 SEX RACE 

73-293-11 -9003 
90-093-09-0011 
90-093-07-6034 
90-093-08-3002 
73-293-24-4005 
90-093-14-7010 
73-293-07-5007 
73-293-17-6000 
90-093-27-9020 
90-093-05-5013 
90-093-35-1013 
90-093-03-9014 
73-293-14-6010 
90-094-01-1012 
90-093-32-6014 
90-093-03--6025 
73-293-23-8000 
73-293-18-3018 
90-093-05-3002 
73-193-06-9029 
90-094-00-4009 
73-293-08-8003 
90-093-26-4002 
90-093-05-5024 
90-093-19-4004 
90-093-09-2003 
90-093-33-7014 
90-093-36-4006 
90-093-27-9006 
90-093-33-7011 
90-093-20-4005 
90-093-03-9007 
90-093-04-2003 
f------· 
90-093-26-4031 

ETHNIC BIRWT GESAGE ADMWT ADM LNG 

. ·-

-

-

ADMHC APGAR 1 APGAR 2 

-t 

DCAPM 

I 

(..; .) 

10 



DC02 DC SPFD DCWT DC HC DC DATE DRUGS BILIRX RESPDX RESPCX RESPRX RESPSP 

·-

---

. . 

CVDX GIGUDX 
~ 

(__; .) 

w 



NEURDX DYSMOR HEME OTHER SXPROC 

-- ·-- - · 

-·-

·-

- - ----
---r-·---- - ---- -

---- ---- --

PRECAR MOMAGE AGEBIRT MARSTA 

I -
- -- I 

TOTPRE PRETER NOWLIV ANN INC 

--. 

r----

~J 

~ 
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r·----·-------------------------------------------------------------------------------------, 
ARIZONA DEPARTMENT OF HEALTH SERVICES 

REQUEST FOR PARTICIPATION IN TilE NEWBORN INTENSIVE CARE PROGRAM (NICI') 

Molhrr's Soclnl Secnrily No: ---------------- D~thy'• Medical Rec:ord No.-------------------

DOll: ____ _ RACE: 0 W 0 BL 0 I 0 A j:o.IOTIIER: I 1--·• N•mc Finf Mtddle 
Oothcr 

Elhnidly: 0 lli• p. 0 Non-lli•P· MRrllal Sin Ius: 0 Mnrrled 0 Not Mllfrled 0 Unknown 

0 Scpnrnled 0 Divorced 0 Widowed 

Malden N•me -------------

R.-idcnllnl Add res.<: --,-No.=-------.s.cc:c,.,..--::-----;C"'=iry:-------c:-s"''"'"'e.,-,i"'l no<:-::-:-:A"'rizon--,--~"[j...,.p------,eou=n=ry-------Coun<ry;::-:::::-.""il=not::;U;;;SAo-:-----

l.a•tN:uone FintName 

~--,u-~~N~a-m_< _____ ~Fi~~~,------~M~~=I<-- Alia.: ------,-u-~-----·--------;Fo::-,"-,-------:-;M~Nidle-=---

1>011: SEX: 0 M 0 F RACE: Ow OnL 0 I 0 A 0 Other Elhnlcllr- 0 lllsp. 0 Non-lllsp. 

Rt'./:l.'lail Address: 
( i( different (rom •bol.'c) No. Sirect t.ry SUtc. •I noc. Aru.ona lJp COOnry COUnuy, ,( no( USA 

Pbcc/Ho.spital of Birth: Primary Language other than English: 

Arrival Moue: 0 Born to Mom who is Malernally Transported 0 Neonatal Transport 0 Inborn 

FILL ONLY, IF IJAIJY/MOM IS TRANSPORTED 

Trnn'l"orl Dale or llnhy: ------------- Trnn~port From: -----;:N.,-am<-:--oi-;-;H-;-oa-po"=-·u7'l------------

If ~ftHU is trnOS(lOflrd. trnn~port (ront : ------- ----------------

Check The Number Of Time• Uaed 

AIR: AirEVAC Gunrdian Alrcarc Other 

DO DO DO DO 

GROUND: Sonlhwc•t P!\tT Gnardi:1n Kords Rural Metro Olhcr 

DO DO DO DO DO DO 
TEAM : Air F.VAC Gunrrfinn AJrcRrt TMC 

DO DO DO DO 

The Sla le of Ari1.ono has csmbll•h<rl a Nrwhorn lnten.<ive Cnr< Prol(rnm lo prm·ide" syskm oftr•n<portatlon. hospitAl, medic•l•nd Follow-up scmcH for crfllc•lly 
ill nr\4horn~ horn ' " Ari7.ona.. Th ic;; rro1!rnm nlso AS~ i!l't~ ranlilits., whrn nttdtci !tnrl "4'ilhin the linlil-; of iiVRiiAhlt- fund.--. to co~ •lth th~ cy lastrophk cos t' or 

lnltnsh·e nrwhorn car<. In ordcrlo nccomplish I he~ funclions. il is nrces.<nry lo J:Rihcr informnlion ahoutall crlliully ill Arlzon• ncwhorns. even I how who m•y 
nul nerd financial a.<sist.1nce from I his Program, so lhatRccurnlr s lnlisllcs can he developed. The slallslic.•will be ~d lo detennlnc c•US<S •nd rxknt ornnrhorn 
illnrs.rs so th:>l prrvrnlivr ond curalin lrchniques can be devised anrl mohiliud as well A.< to esllmal< lhe rcsourc< nrrds and dTecllvrn<M o( lh< Prognam. 

!l AV lN<; READ TilE AOOVE: 

0 1 req ucs l particip~tion in I he :--lewborn lnlensive Care Progra m (NlC!'). includi ng ~ny necessary lranspon and follow-up S<:rvices. I authorlu lhe n:lea."< or 
medical, social and financia l informnlion held hy nny inslilulion or ind ivid uAl who provided newhorn services lo my child to the Artzon• Dcp8rtment of 
llenilh Services. (AD liS) I shall submil all neces.o;ary documenls for purposes of lhird pany payor reimbur.;emenl availahie 10 my child . I shall assist any provide~ 
of care in every way to effect I he ir paymenl and shall retain no ins urance proceeds from such claims inlended for payment of such services. I also agree to fulfill 
any family liabilily determined by NICP. I undersland lhal the program acts as lhe payor or lasl resort. 

0 I requcsl par1 icipa1io n in the i'ewbom ln1ensive Care Program (NICP), including any necessary transport and fo llow-up services. I authorlu th< rein."< o( 

mrrlicai nnd socia l informal ion htld hy any lnstllulinn or individual who pro,·lded ncwhom service• lo my child to AD liS. I DO NOT ..,;sh 10 apply or receive 
financial assista nce . I shall be liab le for all lransponalion, hospital and med ical service charges incurred. 

CJ ru r out -of - slale/sih lin~ . l reques t participation in NICP fo r follow-up servic~s. I •uthorbe th~ r~le11.w ol medical•nd social Information held by any tnsllluUon 
or inclh·idual M"h o JHO\·idrd Sf'n· icr:~ to n1y child to AI> liS. 

PA!tEN'l'iGO,\ RDIAN SI(,NAi'URE DAlE 

TO BE COl\ II'LETEO BY LEVEL II OR LEv~'E~L~II~I~I~IO~S~I~'I~T~A~L-----------

ll o~pi t a l Na me: ----- ------ 0 Enrollment 0 Back Transport Date of Admission: _______ _ 

Neonatologist: ---------------------

Other Physicians: ---------------------

1 ccrtiry that thi s patient meets the medical criteria or the NICP. 

Pcdiat ri cian: ------------------

Consu lt ;~n t : ------------------

Authorized Hospital Rcpresentalive Date 



rr yr-s. where Mother's NAme 

Mnlher·~ DOD 
oiiidJ1< 

!bee OW ODL 01 OA 00 F.thnlcUy 011 ONII Marl LA! SLAt us OM ONM DUnk O~p 0Div Owid 
Maiden Name ------- Addr~• 

No. :Up COUnry 

llomr/\Vnrkfll.t.,,.,.Rephone _____________ GESTATTONALAGEBYEXAM ___ wk.• APGAR l"_S" __ tO" 

FF.TALGRO\VTII DAGA OSGA OLGA ADMIT\VT. ___ gms ADMITI.F.NGTTI ___ em ADMITIIC ___ em 

lllt;IIF..ST BILIRUBIN 

Totnl Dl..,ct __ Frrr ---

U T Dlljrubln Trc•lmrnl 

0 I. Phototherapy 02. Exchange 
Transfusion 

RI> Rc~plralga Dlarposn 
0 I. TfN 06. Apnea/Drady Car<Ji, 
02. IIMD!RDS 00. Other 
0 J Aspiration 
04 . Pneumonia 
05. PPIINIPFC 

RC Rr~plrnlon Cqmplls;atlom 

0 I. PIE 05. Subglottic Stenosis/ 
0 2. BPD Tracheo,alacia 
03. Pneumothorax/ 0 0. Other 

Pneumomedi-
asti num 

04. Pneumoperi
cardium 

RT Rr:splraloo Trrgtmcnl 

0 1. II od~ On ly 04. IPPV~!but 
02. CP,\P Only < 7days 
CJ. lrPV< .l8hrs. 05. !PPV.2 7days 

06. IPPV ... ::>.JOdays 

RS Rrspjrploq Sp«ial Tht.raJU 

0 I. Paraly1ic Agents 04. Tracheostomy 
02. Jet Ve ntilation 05. Surfactants 
OJ. EC;I..fO 00. Other 

Cp . Cnrdlovwulu DlgpnM!. 
0 I. PDA Trealment · Indomethacin 
0 2. PI) A Treatment . Surgical 
0 J . Shock llypolension 
OJ. CliO 
05. Systemic Hypet1ens ion 
0 6. Pressor Suppot1 
00. Other 

Type of uruiac 1\nomaly 

GI GnslrolnlntloaVCcnltoudnln 

0 I. GE Reflux 
0 2. llyperalimenlat ion 
0 J . Suspected NEC 
OJ . Proven i'JF.C 
0 5. Renal Failure 
DIS. G I/GU Defect 
00. Other -----------

NO Nrurnloglral Qlernod5 

01. 
02. 
OJ. 
04. 
05. 
06. 
07. 
08. 
09. 
0!0. 
Oil. 
012. 
0 0. 

Hypoxic Encephalopathy 
Intracranial Ilemmorrhage GR I 
Intracranial llemmorrhage GR II 
lVII + Dilatation GRIll 
lVII + lntraparendymal GR IV 
PVL 
Meningitis 
Congenital Hydrocephalus 
Acquired Hydrocephalus 
Shunted Hydrocephalus 
~izures 
Abnormal Neurologic Exam 

Other------------

Pbf Qnmombglon 

0 1. Congenital Defect 
0 2. Dyl;morphic Features 
03. Assoc. w/Chrom(l!;Omal Syndrome 
0~ . A.<.«>c. w/Non-Chrome><omal Syndrome 
0 5. Not Syndrome A.<.•ociated 
0 6. Type of Syndrome - ·-------

liM !lrmatolog!ca! 
0 I. Olood Product Trnnsfusion(s) 
C:2. Pc i) -.::.-t~ emia (I!Cr>6.5) 
0 J. Re duction Exchange 
04. Thromhocy1openia (Plat< 100,000) 
0 5. DIC 
00. Other ------ ------

~l(C !)lngoox' 

0 I. Persostent Hypoglycemia (nG < 40 ) 
0 2. Transient llyp<'glycemia ( IIG < 40) 
0 J . Suspected Sci"' IS 

04. Proven Viral Scp<is 
05. Proven llacterial ~p<is 
0 6. TORCH/ Congenital lnfeclions 
07. IDM 
00. Other -----------

SP Symn Proctdum 
0 I. UAC Catheter 
0 2. UVC Catheter 
0 J . rev \_.l theter 
0 4. Cen tra l Li ne Olher than Umbilical 
0 5. Chesl Tube(s) 
Co. O ther _ __________ _ 

Ut\. U(havlornl A»n.smrnl 

0 I. NIDCA P 
0 2. Olher ____ _______ _ 

N AR UNK 
ADR/DAER 
Chromosomes 
Colorado Screen 
CTScan/MRI 
Drug Screen 
Pneumocardiognm 
ROP/RLF Screen 
Sleep Study 

01. 
02. 
03. 
04. 
05. 
06. 
07. 
08. 
09. 
oo. 

APIB 
Other------------

~ 
0 5. Infan t placed in Non-medical foster care 
0 8. Documented Parental Substance Abuse 
0 13. Mother is Chronically Mentally Ill 
0 18. Mother has problems buy;ng food 

and or her neces..ttities 
0 22. Abu<e/neglect of sihling repot1ed 
0 2:3. Family Conflict/Anger 

000. Other -------------1 

OISCIIARI.E !~FORMATION 

Tn:•tmtnt 

0 01 Arnea Monilor 
0 OJ Medici ne/Special 

Dietary Needs 

0 02 Oxygen 
0 00 OtherThera rr 

0 ().1 Sp<.e1al Feeding (L<- G·Tul><l -----

Disch•~ O•k: 

DischargeWt: __ lbs --= __ gms 

Discharge IIC __ em Discharge HCT': _ _ % 

NICP Follo.,.·up Clinic 0 Yes 0 No 

uv.,., Location-----------
Clinic Rl•k: 0 lligh 0 Moderate 0 Low 

Reason for Risk:-----------
DischA~ To: 0 I lome 0 Fa..ter I I. 0 Ado pl II 

0 Transfer To 

0 Died; Date of Death : ________ _ 

Autopsy 0 Yes 0 No 

~ 
0 Primary C.a re Ph)"ician --------

~ I. DIJD Referral 
0 2. CRS Referral 
0 J. CPS Referral 
04. WIC 
0 5. Other--- ---------

C.ompleted by:---- --------
llospital Represental ive 
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Al.F.IP Non-NICI' 

NICP Other (Spwfy) 

ARIZONA DEPARTMENT OF IIEALTH SERVICES 
NEWBORN INTENSIVE CARE PROGRAM 

COMMUNITY NURSING REPORT 

Date Referral Source of 
Referral Received __ 1 __ 1 __ 
Date of Visit __ 1 __ 1 __ Length of Visit 

Child 's 

Name~~--~--------------------------~~------------------~~~-------- DOB : __ , __ ! __ 
(pleL"" print) l.a-•1 First Middle 

AKA ________ _______ ___ Adjusted Age __ Actual Age __ Sex: M 0 F 0 
Last First 

C arc taker · s Name·--------------------------------------- Rclalionship ______ Phone. __________ _ 0 New 

I ..aS! First 

Child's Residential Alternate 

Address__________________________ City ---------------- Zip County ___ Phone---------

Car Seats: 0 Yes 0 No 

Type of Visit 
0 Uses Regularly Sw-vey Given 0 (Check Box if Given) 

Status/Closed 

0 Pre-Discharge 0 Final Visit 

0 New Admission 0 Staffing 

0 Interim Visit 0 Telephone 

0 6-Month 0 Oth..-

0 Cont . High 

R'sk 

0 Moved 

0 t..o.1-to Service 

0 No Response 

0 S..-vice Complete 

0 Expired I I (Date) 

0 Refused Reuon-=--==--------------
0 Tr1111ferTed 

Normo.l 

Denver II __ SuspeC1 (A) 

Unte<tahle 

0 No Denver Allemptcd 
Immuntzallons age Appropriate: 

HOME Score: 0 No HOME Allempted 
Yes No Reaoon _______________________ _ 

Adjusted Age 0 Y cs 0 No 

l-It : in ___ em Wt · ___ lb ___ oz Head Circumference: ____ in ___ em Growth Pattern Norrnal Yes __ No __ 

Nursing Interventions: __ ___ __ __ __ 

Chronic Medical 
Conditions : 

Sc-..c ial Issues/ 
Family lntcraclton ---------------------------------------------------------------------

I Iospital Usage 

Type 

Referra_b 

TO: Agenc~· 

0 None 

0 In Patient 0 E.R. 

Receiving 
Sen· icc~ ()·es/no) 

Date 

Reaoon · 

I I -------

Services •~ a 
Result of Referral 

y 
-y 
-y 
-- y 

Referral 
Madt' (Jt'Sino) 

y N 
-y~ 

---y~ 
----y~ 

Tvpe 
(I nitial/Follow-up) 

Primary Care i'ro,·ttk r · N:~mc _________________________ _ Type ___________________ _ 

Cl !N Name Crnnt) ___________________________________ _ Provider Code: ---------

CHN Signature. ______________________ _ 

A Oft~ NICP Y'J' P· 4 P. I 
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·····-·· 

til ARIZONA DEPARTMENT OF HEALTH SERVICES @ REFERRING HOSPITAL. SUMMARY 

0 MATERNALTRANSPORTPAOGRAM 0 NEWBORN INTENSIVE CARE PROGRAM 

MATERNAL DATA NEWBORN DATA 

Social S.curlty No.: Transport Data : 
Baby '• Name: 

Mother '• Name: 1&11 ".,. """- -liil4 "'.,. ""' middle 

DOB: Race: ow 0 BL 0 In 0 A 0 0 Alias : rno/deyty.v 

Ethnlclty: 0 H 0 NH Marital Status: OM 0 NM 0 UNK 1-..tn•~ ftnC~ mlcldlo 

0 Sep 0 Oiv 0 Wid 

Malden Nama: DOB: S.x OMOF Race: O W 0 Bl 0 I 0 A 0other 
moiday,..,.., 

Residence: 
Ethnlclty: 0 H 0 NH 

,..,_,...,_ 
Res/Mail : 

~·-~ Ci!'f Si•i•. H r;ot N, Zip 

C;ty -· 41P 

County: Home Phone : 

Reservation: 0 Yes ONo Name of Reaervatlon: County Country 
(W not OSXJ 

Phone: ----
Military: DYes ONo Active Duty SS No: Enrollment (Receiving) Hospital: 

~multiple pregnancy now, how many: OPCH OSJH OTMC OUMC 0MMC 0DSH 00ther 

E[~QCIIC!;;ll t:!i~ICOC Admission Date: 

1. Total Pregnancies: 6. Now Uving -- Referring Hospital : 
~ncludi"O tNo -): --- 7 . Stillborn/Fetal Deaths: -- Child's Birth Certificate No. 

2. Term Birth1 --- 8. Died within 28 days: --
3. Pre-term births 9. Ectopic Pregnancies Birth Time: __ Birth Weight: __ gms Apgar: 1" _5"_10"_ --- --
4 . Spontaneous Abortions: ___ 10. Number by Cesarean: -- Resuscitation Required: 

S. Induced Abortions 0 Oxygen 0 ET Tube 0 Medication --
0 Bag&. Mask 0 0 EDC: Blood type: ___ Blood RH 

Assisted Vent Tracheal Alpiration 
---- Father's Name: -;urn.,. 

Tyge of Deliveoc Tbi' E[egna.ncy; """- inliidiO 

Delivery Physician : 
0 01 Vaginal Cephalic 0 02 Vag inal Breech 0 03 C-Section .primary 

Oo-4 Repeat CIS 0 05 VBAC 0 06 Vacuum/Forcep 
Referring Physician: 

Receiving Physician: 
Tests During Pregnancy: POS NEG UNK 

Transport Physician: 
1. Serology 0 0 0 

2. Non-Stresa Tnt 0 0 0 Neonatal Problem/Re .. on(e) for Tranefer: 

3. Drug Scraan 0 0 0 0 01 . Prematurity (G.A. < 36 wks.) 0 07. Reapiratory Oillreu 

4 HIV 0 0 0 0 02. Neonatal ~oression 0 08. ~rblllrublnemla 
5. Chlamydia 0 0 0 ( < 5 at 5 m in Apgar) 0 09. Congenital Anomalies 
6. Herpes 0 0 0 0 03. Meconium Aspiration 0 10. Positive Drug Screen 
7 . Rubella 0 0 0 0 04. Suspectea Seizures/ 0 11 . Congenital Heart Disease 
8. Hepatitis B 0 0 0 

012. 
Other 0 0 0 

CNS Disorders Pneumothorax 
0. 

0 OS. Proven/Suspa~ed Infection 0 13. ?PH 

Maternal Problama/Reason(s) lor Tranafer 0 06. Apnea Ooo. Other 

Dot . Pre-Term LAbor @ __ wk 0 tO. Post Date Pregnancy ( > 42 w i<s) 

0 02. Ruptured Membranes x hr0 11 . Fetal Anomalies TRANSPORT NOTES: 
- -

Date: ___ Time · -- 0 t2. Fatal Distress 

0 03. Hypertensive Disorder (unspec) 0 13. Diabetes 

0 o-4 . Pregnancy Induced ~r- 0 t4 . Cardiovascular (CVO) Problems 

tens ion (PIH) 015. Renal Problems 

0 05. HELLP/DIC 0 t6 . Suspected IUGR 

0 06. Vag inal Bleeding 0 t7 . No prenatal care 

0 07. Abnormal Presentation 0 t8 Suspected Substance Abuse 

0 08. FHT Abnormalities 019. Meconium-sta in Amniotic Fluid 

0 09 Multiple Gesta tion Ooo. 

I Transport/Hospital Personnel Signature Date 

AOHS ,..ICP PU I OW .AHSP!IUc .C><P 11/2&190 
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AOHS e NICP 

FINANCIAL QUESTIONNAIRE 

Hospital 0 Enrolled 0 Back Transport Patient Account No. 

PATIENT NAME 
LaS F"n:t t.ticde 

Date of Birth Phone (home) 
Address City Zip Code 
FATHER'S NAME uSI F"n ...... 
Employer Phone (wor1c) 
Employer's Address City Zip Code 
MOTHER'S NAME LaS F"n:t ...... 
Employer Phone (wor1c) 
Employer's Address City Zip Code 
Father's and/or Mettler's Address 
(if different than Patient's on Line l) City Zip Code 

DETERMINAnON OF PAnENT/fAMILY LIABIUTY 
Name •md Age of Dependents 

a. Total Family Number I I 
b. Father ·s Gross Annual Income (worK) S d. Income From Otner Sources S 
c. Mother ·s Gross Annual Income (wor1c) S E.xplam Ottler Sources 

e. I ctal Gross Annual Income (Add b•c•d) S l I 

ltem1ze medical and/or dental expenses incurred in the last 12 months. Do not include expenws paid or expected to be paid by 
health insurance or any other th1rd party. (Attach sheet for additional expenses) 

s s s 
s s Total Medical (f) S I J 

g. Gross Annual Income Minus Allowable Medical Eloenses (e mmus f) . . . . . . ..... . . . S I J 
n. 7otal PaoenVFam1ly l.Jab1lity Taken fromPoverty l.Jabllity Table (usmg a & g) .. .. . .... . s l J 

INSURANCE .:;R GTHE~ THIRD ?~~;v 
1 Insurance o Yes o No 
2. Af-!CCCS o Ineligible If Eligible. ID No. 

Status o ?~nding A.HCCCS AHCCCS =iig1blity Date· __ , __ : __ 
o AHCCCS Enrolled Plan Enrolled Date : i , . Plan# ------

j Polic--1 Holder Soc1al Secunty No. 
NAME ust : ,,.,. Mooale 

lnsur.nce Co . Name Policy No Group# 
Address Cty C4Jnly Up CAde 

4 Policy Holder Sooal Secunty No . 
NAME uS~ Fin;t Middle 

Insurance Co . Name Policy No. Group I 
Address Cty ~ r.o C4de 

.,.,....., . ..,._,..,.,..,.,..,...,.,.~a.---r<Y~ol-~a.---.-. .. ---·----.. _,..,.,.. 
-~ ,,.,.,...,._at the Anzone o.c-- at-1111 s-- tAD><Sl. · -.., """"'"" 111---_,--•~ • - - ·-,. N<::::::s 
A.llw,_ , _,...,,.,,. ,..,.,,_.,_,..,_.._l>e_~--al--..--~.,....,-~ ,.,._, • .,..,.., ,"' 
""""'""' · ' -•o_....,..,.o.c--at--the-•~ ,_,...,__oi"'---•ADHS . 
.. -- _,., 111•11 tho·- a_..rw lA tNe- OOITed . I----...,_--c...~ to...,,_-....., oltlw - · 
0 I decline to fill out thrs form . resulting •n paniopanon level two (Follow--Up SeNICes Only/No Finanoal NICP Assistance ) 

Sign ature Patient Rela!ionsi'l1p Date 

Signature of Hospital lnteMewer Date 

INTERVlEWER'S REMARKS 

~, ..• , ........ 
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ARIZONA DEPARTMENT OF HEALTH SERVICES &¥•/ 
Olfice of Women 's & Children's Heallh : 

Newborn lnlensive Care Program 
Oevelopmenlal Follow-up Clinic Form . 

Client Name : -----------------

Mother's Name:---------------- Father's Name: 

Address: Telephone:-------
(at 1st visit and if different at subsequent)(Street , City , State. Zip) 

Dete of Birth : ___ ! ___ ! ___ Birthweight: Apgars : 1' 5' 1 0' 

GA et Birth : ____ _ Chron Age : ___ _ Adjusted Age : ___ _ 
(at this visit) (at th is visit) 

Primery Care 
Provider : __________ _ Risk at Discharge (Check One) : 0 High 0 Moderate 0 Low 

Visit Dete : ___ ! ___ ! __ _ 

Clinic Referred for 
Site : Follow-up by : 

0 Tucson 0 Level Ill 
0 Yuma 0 Level II + 
0 Flagstaff 0 Level II 
0 PCH 0 MD/DO 
0 SJH 0 Community Heal th Nurse 
0 MMC 0 Parent 
0 DSMC 0 Clinic Staff 
0 Other: 0 AzEIP 

0 Other : 

Feedings: Sleep Pettern : 

0 Normal 0 Normal 
0 Suspicious 0 Suspicious 
0 Abnormal 0 Abnormal 

Developmental Areas 

08 /93 , DEVFORM 

Ski ll 
Level 

Visit II : Clinician Name : ____________ _ 

Reason for 
this visit: Specialty : 

0 Routine Screening 0 PNP/NNP/RN 
0 Developmental Concerns 0 Physician 
0 Motor Concerns 
0 Gait Concerns 
0 Speech Concerns 
0 Feeding Concerns 
0 Behavior Concerns 
0 Cognitive Concerns 
0 Pre-school Screen 

Immunizations: 

0 Up-to-dare 
0 Delayed 
0 Unknown 

Score 
Adjusted /Chron 

0 Psychologist 
0 Physical Therapist 
0 Occupational Therapist 
0 Speech Therapist 
0 Social Worker 
0 Nutritionist 

Growth (Adj up to 2) : 

Height : __ em __ % 

Weight : __ kg __ 0 1 
• 0 

OFC : em % 

Ad jus ted Age 
Nor /Susp /Ab 

Chron Age 
Nor/Susp/Ab 

Page 1 



APPENDIX E 

RAW DATA FOR FOUR REPRESENTATIVE BABIES' 

GROWTH PATTERNS 
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GIRLS : BIRTH TO 36 MONTHS 
"' PHYSICAL GROWTH 

J - t-ICHS PERCENTILES• Name _____________ _ _ ______ __ Record # ___ ____ __ _ 

~~-w=c1 1 · 1 1 • 1 • LL-J._j_~~-r=-c--=r : ,-r · ·- r:::-·--4---1 
_ --- s : ! 3 - -- 1-6 -:--!-9 -1 - i 12 -1-1 15 t \ 18 : : 21 i Gt~ : ··! 21 r ! 3o 1 -! 33 : ; 36--

~--5-4- 1-+-+-+-1--+--+-+1 -+-il-+--+--4-t-+-1 -.A·,ruE (MONTH H+ -f"-+- -R- f+- --++- - S~ 
2 1- - -+~--f--t-i-+--t-1-+-+-+-+-+, +--c- - -t-f- -t+--H-- -- H- -r=F- -FF ---f-2 1 

- ~-f.-~ r -, r · L · I -53 -
52 

1 --;----:- -- - , T T r ' 52 _ 
· :____ -~-~=+-+--+-+-+-+--r-l'-+--+-1-ll- · r--1-r-+-l-t-+--+-l~~ - l+t-~ t-t- - -: , I-., ----- . 

2"- 51 - T ---t-~-= :..:.:~ 51 20 
:v- "" I l I I ~ T ! - . .Lj_ -c_~~-t- r~\--~· 

- 50 , -+__, cl~-+-+--+-i--+-+--+-+--i-.f..f -!--+i -+' -il---4- , - - I --~ ~--- - ; _j_.!-~ ," 50 
r- ~- - - ~- "'l- 1 I _ }--' - - 1 ·-- · ;;:::. --

49 . I -.- :::::t 1 - ' I -' ~ ....-- .,.- ~ 49 
19- -4-8 ~ -++ ;:.n-- ·.0-- -~~-~ --_t:l:::::-='?~- - -19 

M ' __..... I .>-- I .. L .-l--~ I I , _ ____....,.. - j ' -- ' 48 ---- - - I - __ .v I ~_......., ~- ' : I ; _.~ _._...... ' _ ......!.-~ ;_...i...., 

- 47 r:! ;+~---b-r: ' ~-~- ~- -~ r"" ' t\7 -
.1--- (;,1 / /~! :: __./'t...;::.?- r- --1:::--~ ::::::P'_,;_d-:--t---:-:~-f<:::~.L· -f-+-~1--+-.f..-l--

18- 46 I H -_,~(7 ----;:7'r-=7 :7f 1-r:::::-;::: -r" I 46 ,_ __ - r c :7: - ;:r; y 1- ...----- .::.Pr-_~ em in 
45 - ~ y ~ 1 ~~ ~~ -~~:~~~ ~=·-+1 ~,_+-+-~-+~-i-+-+-~~~~~~~ 
-44 - ~ I ,( V 1/ bY~~-:;...-~- I T T T -

~ - _ _ p,; __ j ::f/ / 1 /f...,../.:'1_,17'd_~ ... ? I , I _j__ +b :,LL·_.rH--.,.{=----o 
1t-~~ r=, dl; r~yA-74+ .l -~ : __ >2Ft 2~1- 46 

· 4
1
-- i_,;I;{A>/v • I .),f;], 7 L_;f -ff·i=-l-FF 3Q _ 

44 

16- -- -· -+.J I I f J,f '' / _,_ ~ _,,A-:'LLL _I I 1 I I I 
1 

_ tl
2 
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