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ABSTRACT

The heart rates of 32 healthy newborn infants aged 36-42 weeks 

gestation were determined over a two-hour period under standard condi

tions using an EKG monitoring instrument, The relationship between the 

mean heart rates, expressed per body surface area, and maternal and

neonatal parameters were explored. Correlation analysis revealed an,\
independent, negative correlation between the infant7s mean heart rate 
and the infantTs triceps skinfold measurement, weight/length, and ges

tational age. It was also found that as the maternal weight gain dur
ing pregnancy increased and as the maternal triceps skinfold measure

ment increased, the mean awake heart rate of the infant decreased.

These results suggested a relationship between maternal and neonatal 

parameters of "fatness" and estimated levels of energy expenditure as 

measured by heart rate.

vii



CHAPTER 1

INTRODUCTION

This preliminary study measured the average heart rate of 
healthy newborn infants over a two-hour period under standard condi-1 
tionSo More specifically, a description of the heart rate variability 
and an investigation of the relationship between heart rate and certain 
maternal and neonatal characteristics related to relative fatness were 

exploredo The possible implications of this research are related to 
the study of obesity.

1



CHAPTER 2

REVIEW OF LITERATURE

In recent years, there has been growing concern about the 
obese infant based on a considerable amount of literature which des

cribes this infant as being a viable candidate of obesity in childhood 
(Asher, 1966; Fisch et al., 1975) and possibly in adult life (Charney 

et al.-, 1976; Weil, 1977). Consequently, the early identification of 

factors in infancy which contribute to the development of obesity in 
later.life would be most beneficial.

Research in energy metabolism is one possible approach in 

understanding the natural history of obesity. In general, it has been 
postulated that if there is a greater amount of less active tissue, 

i.e., fat, as in obesity, the number of calories produced per unit of 

weight will be less than in the leaner child (Lowrey, 1978).
Theoretically, if a subject is in energy balance, then the 

energy intake is equal to the energy output (energy expenditure) and 

the energy stores are maintained. The exact nature of the energy im

balance in obesity and in pre-obesity states, however, is still not 

understood. Examination of the components of the energy balance equa

tion can provide some insight into this matter.

2
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3
Met:hods of Measuring Energy Expenditure

The oldest and most accurate method of measuring heat produc
tion is by direct calorimetry» In 1905? Atwater and Benedict designed 
a chamber3 large enough to accommodate a human being, that measured 
the heat production of the subject with thermocouples that detected 

changes in the temperature of water circulating through the calo

rimeter. The change in the weight of soda lime absorbers determined 

the amount of carbon dioxide production. Direct calorimetry is a pre
cise way ('V'1% error) to measure total energy production, as well as to 

allow for the effects of exercise, food consumption and ambient tem
perature (Garrow, 1978)o (Total energy production refers to the basal 
energy expenditure, which is that energy required to maintain life, 

plus the energy required to perform any additional activity.) However, 
this closely controlled technique is very expensive, and it can monitor 

only a limited range of activities with short durations of measurement 

(5 to 36 hours) (Garrow, 1978).
Along with the direct measurement of total heat production, 

Atwater and Benedict (1905) were simultaneously studying respiratory 

gas exchange. They discovered that energy production could also be 

determined by measuring the products of the energy-producing biologic 
oxidation (i.e., carbon dioxide, water and the end products of protein 

catabolism) or by the measurement of oxygen consumption. Since 
oxygen always keeps up with the body's immediate needs, except during 

oxygen debt, the oxygen consumed per unit of time is proportional to 
the energy liberated. This technique, known as indirect calorimetry.



provided longer periods of measurement (5 to 240 hours)« It did not 
demand the complex apparatus required for the direct method; it was 
less expensive to construct and yet it still gave accurate recordings 

with a 2 to 5% error in measurement (Garrow, 1978)„

However 5 the amount of energy released per liter of oxygen 
varied according to the compound being oxidized and therefore pre
sented a problem with using oxygen consumption as a measure of energy 
production. The respiratory quotient (RQ)9 the ratio of the volume of 

carbon dioxide produced to the volume of oxygen consumed per unit of 
time9 expresses these differences. The RQ for the oxidation of carbo

hydrates is 1.09 for fat 0.70 and for protein approximately 0.81.

In order to estimate the energy output of the body from the RQ, it is 

necessary to know the amount of oxygen needed to oxidize one mole of 
the nutrient and the caloric equivalents of the three major nutrients.

Assuming a mean value for the total RQ to be .86 of which 15% 
of the total is due to protein metabolism, Karlberg (1952) calculated 

the caloric equivalent for oxygen consumption to be 4.825 cal./liter 
as typical in infants. However, some researchers (Benedict and Talbot, 

1914; Cross et al., 1957; Nelson et al., 1962) have insisted that 

results be expressed only in terms of what is actually measured (e.g., 
rate of oxygen consumption) or have argued for expression of results 

in both ways (Smith and Nelson, 1976). It has been reported that the 

RQ varies considerably in the first week of life with a value close to 

one at birth to about .75 on the third day, gradually increasing to 

.85 or greater by the seventh or eighth postnatal day (Cross et al.,



1957; Nelson et ale 9 1962)e It should be noted that these changes in the 
RQ reflect the amount and composition of feeding9 as well as the thermal 
environment and are not necessarily age dependent (Smith and Nelson9 1976),

Other methods of estimating energy expenditure by indirect 
calorimetry are the ventilated hood system (Ashworth and Wolff9 1969) 
and the Douglas bag (Courtice and Douglas 9 1936). The ventilated hood 

system involves a face mask and a noseclip to collect expired air. The 
major objections to this method are that it can be used only for a 

short period of time9 the apparatus is uncomfortable to wear and it 

requires trained subjects if the system is not to leak air (Garrow9 

1978), The Douglas bag also involves a face mask and a noseclip as a 

means of collecting expired air. In 1955 9 Shepard examined the tech^ 

nique and discovered that the rubber material allowed carbon dioxide 

to quickly diffuse out of the bag. However9 this problem has been 

subsequently resolved with the introduction of synthetic materials. 

Problems inherent with the Douglas bag method are similar to those 
found with the ventilated hood system.

One of the great drawbacks of all the methods mentioned thus 

far is that of portability. Many energy expenditure studies are con

cerned with the amount of kilocalories expended during various job 

related activities and consequently9 this demands a light portable 

respiration calorimeter. Kofranyi and Michaelis (1940) developed such 

a device known as the "KM;” instrument and in 1954 9 Fletcher and Wolff 

designed a similar apparatus9 the "IMP", Both instruments involved a 

face mask with valves which allowed expired air to flow into a box.



strapped to the subject’s back. The box recorded the.amount of ex

pired air and stored a sample to be analyzed at a later time. The 
portable table respirometer has a 2 to 5% error in measurement, and it 
is able to record from 0,2 to 1,0 hour (Garrow, 1978),

Activity diaries are another frequently used means of indirect 
calorimetry. This technique involves a 24-hour recording of activities 

by the subject or an observer including an estimate of the amount of 

time spent at each activity. If the amount of energy expended for 
each activity is known, then the estimated daily energy expenditure 

can be calculated. Even though researchers have found this technique 
to be satisfactory (Passmore et al,9 1952; Edholm et al,, 1955) its 
limitations are obvious, This method is very tedious and time con
suming, and it has the potential of.modifying the individual’s activity 

pattern and consequently, the results obtained are not truly represen

tative for the normal energy expenditure of the subject.

Heart Rate as a Measure of Energy Expenditure 

Within the last decade, an attractive alternative measure of 
energy expenditure has been the technique of heart beat monitoring.

In this method, the heart rate is continuously monitored, and it is 
related to energy expenditure by means of individual regressions of 

heart rate on oxygen consumption. The individual regression lines are 
developed by making simultaneous measurements of oxygen and heart rate 

with the subject at rest and at several activity levels, The energy 

expenditure, expressed in terms of kilocalories per minute, is then



calculated for each activity level based on the oxygen consumption. 
Energy expenditure can then be indirectly estimated using the mean 
heart rate value for a given period by referring to the individual 
regression line for the energy expenditure value corresponding to that 
heart rate (Bradfield, 1971).

/

The difficulties and constraints involved in the determination 

of energy expenditure by respiration calorimetry can be minimized by 

employing the heart rate technique. Some of its attractive attributes 
are that it can be used over a long period of time during a wide range 
of activities and it can be used on varied types of populations be

cause it demands less coordination or cooperation from the subject 

tjian other methods. The apparatus is fairly non-cumber some and incon- 

spicious to wear, thus alterations of the subject's behavior may be 
minimal. One final quality of the heart rate method over respiration

i
calorimetry is that the continuous monitoring of the heart rate re

flects the intensity of the subject's activity whereas the 
respirometer-diary method uses a single estimate of the rate of energy 

production for each activity level.

It should be noted that in all the literature cited, including 
the present study, the heart rate monitor used provided an averaged 
heart rate recording rather than the real time of a beat-to-beat mea
surement. In other words, the instruments record the average heart 

rate over several minutes.

In this preliminary investigation, no attempt was made to de

termine the oxygen consumption of the subjects and therefore, the



results do not provide estimates of actual energy expenditure.

However5 predicated on the validity of the assumption that heart rate 

is linearly correlated with oxygen consumption in children (Bradfield 
et alo 9 1969). and adults (Goldsmith et al., 1966; Andrews, 1971), it 

may be possible to use heart rate alone to determine a reasonably 
objective index of energy expenditure under some conditions. Based 
on this premise, it would be most advantageous to have an understanding 
of how heart rate is related to oxygen consumption and to cite briefly 
the evidence of literature thus far published concerning heart rate as 
a measure of energy expenditure.

In general, energy expenditure is correlated with both cardiac 

output of blood (stroke volume times heart beats per minute) and the 

amount of oxygen consumed. More specifically, heart rate is related 
to oxygen consumption by means of three indices; (1) stroke volume9

(2) hemoglobin concentration and its affinity for oxygen, and (3) the 
arteriovenous oxygen difference of the blood (Spady et al*, 1976).

The theoretical understanding of the relationship between 

energy expenditure and heart rate has been known for many.decades. 

Benedict and Talbot . (1914) were among the first to report that pulse 
rate was an important index of the intensity of energy expenditure.

The actual application of this technique, however, was not developed 
until much later. Goldsmith et al. (1966) used the SAMI (Socially 

Acceptable Monitoring Instrument) counter (Baker et al., 1967) to 

determine the energy expenditure of five male and seven female college 

students. Oxygen consumption was measured simultaneously with heart



rate for four two-hour sessions during each testing day using the "IMP" 

calorimeter which was described earlier« The mean daily energy expen
diture predicted from the heart rate value was 2.27 kcal,/minute, 
while the measured reading was 2.29 kcal./minute (r = 0.80, P<0.001).
In another study, Bradfield et al. (1969) made a simultaneous compari
son of three techniques: (1) heart rate-diary monitored with an FM-FM
telemetry system terminating in a cardiotach unit, (2) accumulated 

pulse and (3) respirometer-diary on 15 young, adult males during a 

sequence of activities. An examination of the results revealed less 

than 10% variation among the three methods. He also found heart rate 
to be a good predictor of energy expenditure estimated by oxygen con

sumption in 24 additional subjects during six activity levels 

(r = 0.95).

In a review of previous studies, Andrews (1971) noted that the 

regression relationship between heart rate and the rate of energy ex

penditure is influenced by many factors. The reason for the dynamic 
nature of the regression relationship is due to the changes in the 

total level of demands placed upon it. Therefore, if an energy ex
penditure study is to have external validity, i.e., the effect of the 
total environment upon the individual including the effect of the 

equipment and the subject’s behavior (Bradfield, 1971), then these 

factors must be standardized at acceptable levels.

Some of the factors which influence the regression relation

ship between heart rate and the rate of energy expenditure include 
the age and sex of the subject, the state of physical training,



10
environmental temperature9 bodily position and the site and kind of 

muscular activity (Andrews9 1971)» The effect of each are briefly 
reviewed below»

Age has been reported to have little effect on the regression 
relationship within the range of 20-80 years as long as there is no 
strenuous activity or heat stress involved (Andrews 9 1971;

Payne et al,, 1971). No mention was made with reference to the new
born infant.

The average slopes of the regression line for male subjects 

are greater than those for females, who are in the same position and 
the same state of training. Payne et al. (1971) discovered that phys
ically untrained adult males in a supine position had regression lines 

with a mean slope of 0.103 (±0.023) and a mean intercept of -6.27 

(±2.33) while physically untrained adult females in the same position 

had an average slope of 0.054 (±0.01) and an average intercept of 

-3/64 (±1.47).
When comparing trained standing to untrained standing adult 

males, Payne also reported a considerable difference in the slope of 

0.043 (±0.002) and a difference in the intercept of 0.53 (±2.00).
Williams et al. (1961) measured oxygen consumption at various 

levels of work up to an individual’s maximum in comfortable conditions 

and under heat stress. He discovered lower values of oxygen consump
tion at submaximal levels of work in heat but reported no difference 

at maximal levels. Under heat stress, the primary difference in 
hemodynamics was an increase in heart rate and a decrease in stroke
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volume. The cardiac output and the arteriovenous difference, however,

Iwere not significantly different from that found under comfortable 
conditionso

The position of the body also has been found to have an in

fluence on the regression relationship between the heart rate and the 

rate of energy expenditure when adult male subjects changed from a 
resting supine position to a resting, standing position, and there was

an increase in heart rate and a reduction in cardiac output and strokey ■■ ■ ■ 1 ■
volume with a slight increase in oxygen consumption (Weng et al., 1960).

Andrews (1971) demonstrated that for a given rate of energy 

expenditure, the corresponding net heart rate increased by an average 

of 14.7 beats per minute during both dynamic and static arm work while 

standing versus arm work while simultaneously walking. This is due to 
the difference in the circulatory patterns. While standing, hydro
static pressure deposits blood in the legs which decreases the cardiac 

output and stroke volume and increases the heart rate (Pollack and 
Wood, 1949). Whenever there is a significant change in the circula
tory pattern, there will also be a change in the heart rate. Because 

of these factors which influence the regression relationship between 

heart rate and the rate of energy expenditure, individual regression 

lines should be calibrated for each subject and for each activity 

level in order to minimize the standard deviation (Warnold and Lenner, 

1977).
Many researchers have used heart rate recordings as a means 

of monitoring energy expenditure in children with disease (Gandra and
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Bradfield, 1971; Heywood and Latham, 1971; Berg, 1971; Spady et al., 

1976)= Gandra and Bradfield (1971) measured the heart rate of anemic 

and nonanemic six- to eight year olds. The heart rate was related to 

oxygen consumption with the use of individual regression lines deter

mined at various activity levels. The individual regressions were 
developed by making simultaneous measurements of heart rate and oxygen 

consumption with the subject at rest and at various activity levels. 
Results indicated that when comparing anemic with nonanemic children, 
88% of the variation in energy expenditure could be explained by 

multiple regression of heart rate, weight, and hemoglobin or hemato
crit readings.

In a preliminary report that employed heart rate measurement 
alone, Heywood and Latham (1971) found this to be a feasible technique 

when comparing the heart rate of malnourished, recuperating and well- 
nourished preschool children. Because an oxygen consumption/heart 

rate calibration curve was not performed for each individual in 
Heywood’s study, it was not possible to quantify the amount of energy 

expended. Another study (Spady et al., 1976) looked at the energy 
expenditure of 11 Jamaican infants recovering from protein-calorie 

malnutrition, using the indirect Bradfield method described above.
The calibration of the heart rate to energy expenditure consisted of 

simultaneous measurements of heart rate and oxygen consumption of the 

child during sleep, rest, quiet play and vigorous crying. For some 

subjects, six calibrations were made during the hospital stay. Their
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findings revealed that 91% of the variation in oxygen consumption 
could be explained by heart rate (P<0.001)e

Energy Expenditure in Relation to Obesity 
Only a few studies have explored the relationship between 

levels of energy expenditure and obesity. Bradfield et al. (1971) 
made three simultaneous measurements on 64 primary school boys during 

the school period and during organized and unorganized play. The 

technique used was the indirect Bradfield method described earlier.
They found this to be an appropriate means by which to assess energy 

expenditure in the primary school child during free play without the 
interference of equipment. A high correlation between heart rate and 

energy expenditure was observed (obese r = 0.997, nonobese r = 0.999, 
P<0.01). However, when comparing heart rate with degree of fatness, 
no significant correlation was revealed.

Researchers in the Netherlands (Van Der Kroon et al., 1977) 

discovered that obese-hyperglycemic mice showed significantly subnormal 

levels of oxygen consumption and heart rate as early as the first few 
days of life well before the development of excess adispose tissue.

In another study, Payne and Griffiths (1976) made a comparative 

analysis of the energy expenditure between twenty normal four and five 

year olds of normal and obese parents. If one parent "at some time" 

had an adult weight 20% above the desirable weight for height,; then 

the child was classified as having obese parents . The subjectsT heart 
rates were continuously monitored for four to seven days and nights 

during the childrenfs daily activities using a SAMI, and it was
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related to energy expenditure by means of previously established in

dividual regressions of heart rate on oxygen consumption. Energy in
take was also estimated on duplicates of the subjects? total food 

intake over a period of five to seven days using a bomb calorimeter, 
an instrument that measures the heat of combustion of the diet. On 

the basis of body size (height, weight, percent body fat, lean body 
mass and percent standard weight for height), the two groups of 

children were not significantly different. However, the estimated 

energy intake and energy expenditure, as well as the energy expendi
ture at rest, were significantly lower in the children who had "obese 
parents" (p<0.05). More specifically, energy intake was 318 kcals 

or 22% lower, energy expenditure was 334 kcals or 22% lower and energy 

expenditure at rest was 184 kcals or 16% lower in the children with 

"obese parents" as compared with the children with average weight 

parents. When the energy measurements were expressed per kilogram 

body weight, the level of significance became even greater (p<0.02).
It is difficult to conjecture whether the difference between the two 

groups was due to environmental or genetic factors or both.
Waxman and S tunkard (1980) examined the, energy intake and ex

penditure of boys in four families. Each family had one obese boy and 
an average weight brother who were within two years of each other!s 

age. The energy intake was assessed by an observer who estimated the 

size of each portion of food during school lunches, recess and before, 

during and after dinner. Energy expenditure was measured by the 

respirometer-diary technique. A recording of the activity levels,
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ioGe s sittings standings fidgeting9 walking9 runnings and fast running 
while at home and at school were made9 as well as the amount of time 
spent at each activityo Secondly 9 the measurement of oxygen consump
tion was made during a sequence of activities that corresponded to 

those observed at school and at home» The findings indicated that 

when adjusted for height9 the obese boys ate an average of 262 more 

calories during dinner (F = 23.429 p<0.001) and 407 more calories 
during lunch (F - 29.589 p<0.001) than did their nonobese brothers«
The obese boys also ate faster at these meals. The obese boys and 
the nonobese brothers showed no significant difference in terms of 

energy expenditure at home; however9 the obese children expended 

significantly more total energy than did their normal weight brothers 

(F = 66o57s p<0o001)o These surprising results suggest that the 

obese subject expended more energy in moving than did their nonobese 
brothers and that an increase in intake and not a decrease in energy 

output was producing the positive energy balance.
In 1967 9 Mayer and Thomas found that "caloric intake increases 

with activity only within a certain zone ("normal activity"), Below 

that range ("sedentary activity") a decrease in activity is not fol

lowed by a decrease in food intake .but9 on the contrary 9 an increase" 

and subsequently9 an increase in body weight, In other words9 the 
mechanism involved in controlling the energy balance seemed to fail 

below a certain critical level of physical activity (Garrow9 1978).
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Energy Expenditure in Newborn Infants 

In the beginning of the century^ extensive research examined 

the energy metabolism of the neonate. Hasselbalch (1904) measured the 
oxygen consumption of newborn infants using an open circuit system.
In 1914, a closed circuit system was developed by Benedict and Talbot 
to measure the newbornvs heat production. They found that larger in

fants had a tendency to have a larger heat production, however, there 

was a wide range of variation and therefore, they were unable to pre
dict metabolism from body weight.

Further investigation by Sinclair et al. (1967) revealed 

that the resting metabolism of the newborn infant, in a thermoneutral 

environment, varied greatly when expressed in terms of birth weight 
or body surface area. They hypothesized, that this variation is due 
to the differences in body composition during fetal life in comparison 

with postnatal life. With increasing maturity, there.is a decrease in 
the proportion of body water due to a reduction in the proportion of 

extra-cellular fluid (ECF) and an increase of body fat (Weil, 1968).

It was proposed by Sinclair et al. (1967) that weight minus ECF was a 

more appropriate measure of the active metabolic compartment of the 

body of the "active cell mass" (Brozek, 1954). In turn, "oxygen con

sumption was found to be proportional to the size of this compartment 

over a range of body weights studied" (Sinclair, et al, 1967).
ECF was calculated from a total chloride content by assuming 

a volume of distribution of chloride equal to the ECF, a plasma 

chloride concentration of 105 mEQ/liter, a Donnan factor (Jensen, 1976)
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of 1.04 for univalent anions and a plasma water fraction of 93% of 
plasma. The formula is as follows (Sinclair et al., 1967):

ECF volume (ml) = total chloride content (MEQ) X 1,000

At present 3 no research has used the heart rate technique des
cribed above to measure the rate of energy expenditure in the newborn 

infanto The majority of the studies involving the energy metabolism 

of the newborn are concerned with the thermoregulatory response imme

diately following birth, A sample of these studies and their results 
are briefly discussed below.

In measuring the oxygen consumption of 240 full-term infants 
using an open circuit system9 Smales (1978) discovered that oxygen 
consumption increased with gestational age. He also reported a wide 
dispersion in rates among infants who had similar weights and ages and 

at similar ambient temperatures. It was suggested that some of this 

variation could be minimized if an adjustment for differences in the 

active cell mass could be made as discussed earlier.

In another study9 Smales and Kime (1978) examined the thermo
regulatory response in 40 normal9 newborn infants 1.5 hours after 

birth by measuring the oxygen consumption with an open circuit system. 

Their results indicated that oxygen consumption during the first 1,5

hours of life while in a cooling environment was no greater than for

those infants who were warmly wrapped. However9 infants between 2

to 24 hours old showed a significant increase in oxygen consumption
after a 20-minute cooling period (r = 0.609 p<0*001).
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Mestyan et al, (1964) measured the basal oxygen consumption in 

premature infants and discovered the basal metabolic rate (BMR) dê - 
creased with immaturity. Compared with full-term infants, the pre

mature infant had a significantly lower BMR, and it increased at a 

more gradual rate during the first month postpartum.
It has been suggested that the newborn infant, being a 

"tabula rasa", is a viable candidate for an energy expenditure study 
since many of the factors that influence the regression relationship 

between heart rate and energy expenditure, i.e,, state of training, 

posture, environmental effects, would be minimal, Research is needed 
to explore the feasibility of using the heart rate technique on the 

newborn infant and to determine if levels of energy expenditure as 

expressed in terms of heart rate per body surface area are related to 

maternal and neonatal parameters of obesity. This study provided an 

exploratory view of these issues.



CHAPTER 3

SUBJECTS AND METHODS

The following is a description of the methodological approaches * 

used in selecting the population, collecting the maternal and neonatal 
anthropometry and measuring the infant-s heart rate. The method of 
statistical analysis will also be reviewed.

Selection of the Subjects 

Thirty-two infants born between December 1978 and May 1979 and 
admitted to the well-baby nursery at the Arizona Health Sciences Center, 

were selected for this study. Fifteen of these infants also are parti
cipating in an ongoing longitudinal study which is investigating infant 

growth and food intake from birth to three years of age. The infants 
were selected with respect to the following criteria: no congenital

or metabolic abnormalities, no evidence of congenital heart disease, no 

documented or suspected maternal diabetes and no complications during 

pregnancy. Pre-eclampsia, hypertension and severe infection requiring 

hospitalization were considered complications during pregnancy. All 
infants were singleton births having a gestational age between 36 and 43 
weeks according to the Dubowitz score. It was necessary to obtain writ

ten permission from the parents and also to require they live in Tucson 

to assure availability for follow-up studies. An additional selection 

factor was the availability of the investigator. On days in which the
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investigator was available^ the first infant meeting all the above 
criteria and being less than 5.4 hours old5 was: selected. There was no 
attempt to select for sex, birthweight or birth order.

Outline of Procedure 
The morning of the examination, the investigator, along with a 

nurse practitioner, visited the obstetric ward to recruit eligible . . : 
infant-mother pairs. If there was more than one potential candidate, 
one was randomly chosen for that day. It was estimated that one mother 
out of every four refused to participate in the study. Once a subject 
was selected, the procedure and its safety were explained to the mother; 

her permission was obtained and the questionnaire administered. The 

anthropometric measurements were obtained for the mother and infant in 
the manner described below. In the afternoon, one-two hours postpran

ti ially, the infant -s heart rate was recorded during a two-hour session. 

It should be noted that this protocol was approved by the Human Subjects 
Committee at the Arizona Health Sciences Center.

Maternal Data
The mother was interviewed the morning of the infant11 s examina

tion and the following questions were asked: the mother-s age, ethnic

background and prepregnant weight, as well as a history of her caffeine 

and cigarette consumption. Coffee, ice/hot tea and cola drinks (Coca- 
Cola, Dr., Pepper, Tab, Pepsi-Cola and Mountain Dew) were classified as 

caffeinated beverages, A mother who smoked more than one cigarette 
during pregnancy was considered a smoker, and those who drank more than
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the equivalent of one cup of instant coffee per day or approximately 
66 mgo of caffeine (Bunker and McWilliams, 1979) were considered caf
feine consumers, !

Other questions included plans for infant feeding, the father's 
height, weight, age, ethnic background, and a profile of the family's 

weight history. The mother's height, weight at term and drugs taken 
during labor and delivery were obtained from the medical charts. A 
copy of the structured questionnaire, as well as the consent form, are 

provided in Appendix B.

Maternal anthropometric measurements included the "biceps, 

triceps and subscapular skinfold thicknesses and the mid-arm circum
ference. The Langi^ Skinfold Caliper (Cambridge Scientific Industries, 

Inc., Cambridge, Md.) used to measure the skinfold thickness, was left 

on the site for 30 seconds and read to.the nearest 0.25 mm. The con
ventional method for taking skinfold measurements is to take the read
ing after two seconds. In the present study, the rationale for the 
30 second wait is to adjust for variable water content of tissues, which 

is especially characteristic of the newborn infant and the postpartum 
period (Harrison, 1980). The proper measurement techniques and the 

exact anatomical locations are described by Udall et al. (1978). The 
mid-arm circumference was measured with a Miltex^Fiberglass Tape read 

to the nearest 0.2 mm. These measurements were obtained jointly by the 

investigator and a nurse practitioner. To check for internal relia

bility, the nurse practitioner measured one side and the investigator 

measured the other.



22
It should be noted that the maternal and neonatal anthropometric 

measurements and the infant?s heart rate recordings for the first 12 

subjects were obtained by a medical student at the Arizona Health 
Sciences Center- To insure continuity of technique and reliability of 
results9 the same skill in collecting the measurements was maintained 
and the same nurse practitioner assisted both observers, A statistical 

analysis comparing the heart rate data obtained from the two observers 

will be made.

Infant Data

. A total of 19 female and 13 male subjects were enrolled in this 
study. At the time of testing9 the mean (±SD) age was 37±9 hours- The 

gestational ages ranged from 36 to 43 weeks- Nineteen percent were 

large-for-gesrational age (LGA) and 81% were appropriate-for-gestational 
age (AGA) using the criteria of Lubchenco (1976). There were no small- 

for-gestational age (SGA) infants. The ethnicity of the infant was de

termined by the self-identified ethnic background of the parents.
The infant’s weight on the day of the examination and the 

hematocrit reading were obtained from the medical charts. The hemato

crit reading reflects the amount of placental transfusion following de

livery. In general, the hematocrit increases relative to the time of 

cord clamping. An immediate clamping procedure would produce a low 
hematocrit. In response to this event, the body would use all available 

mechanisms to increase the oxygen to the tissues, one of. which would be 

to increase the heart rate (Smith and Nelson, 1976).
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All other neonatal anthropometric measurements were collected 

within 54 hours of birth by the investigator and the nurse practitioner 
using the same techniques and instruments described earlier* The iden
tical skinfold measurements taken for the mother were obtained for the 
infant with the addition of an abdominal skinfold site* Other anthro

pometric data included biacromial and biileocristal diameters and the 

circumferences of the head, chest, thigh, calf and the mid-upper arm*
The diameters were measured with a sliding caliper, and the circumfer

ences were obtained with a Milte:i^Fiberglass Tape both read to the 
nearest 0*2 mm. The supine and crown-rump lengths were measured with 

a neonatometer read to the nearest 0.5 cm. A description of the latter 
technique is provided by Falkner and Tanner (1978)..

Information about the method of feeding, as well as the time 
and amount of the last feeding prior to the heart rate recording, were 

obtained from the medical records (Appendix A). A complete energy 
balance study involves calculating the energy intake of the subject, as 
well as the energy output. However, the present study was unable to 

quantify the energy intake due to the inability to quantify and convert 

breast milk into calories. It will be assumed that about 10 percent of 

the metabolizable energy is expended as SDA, the specific dynamic action 

of food (Sinclair, 1978).

Heart Rate Measurements

The heart rate recording was performed in one of two rooms 

adjacent to the well-baby nursery. As a standard procedure, the level
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lighting was kept similar to that customarily found in the well-baby 
nursery and the ambient temperature was monitored. It was always 
74-75°F. Each infant wore a diaper and a shirt with one light blanket 
wrapped around and a second placed on. top. Each trial was conducted 

with the least possible amount of intrusion on the testing environment 
and under the same standard conditions.

Since the human neonate cannot meet the full requirements for 

the measurement of basal metabolism, i.e., a "resting subject who has 

been starved for at least 18 hours", it has been suggested that the 
infant be monitored during a more subdued period, 30 minutes to 1.5 

hours after feeding (Sinclair, 1978). This measurement is referred to 

as the resting metabolism. All heart rate measurements were obtained 

one-two hours after the last feeding with the exception of three infants 
who were monitored at 4.6, 4.8 and 9.8 hours postprandially.

A standard EGG monitoring system (Hewlit Packard #78-30) con
nected to an accumulating digital counter was used to measure the heart 

rate and the elapsed time'was measured with a stopwatch. Before each 

recording, the heart beat counter was calibrated with a stethoscope to 

check for accuracy. This monitoring system produced an average number 

of beats per minute and not an actual beat-to-beat measure.

Three silver/silver chloride electrodes were placed to emphasize 

the R or S wave and to minimize the T wave and muscular disturbances 

(Bradfield, 1971). The electrode locations were: (1) 2.5 cm. above

the right nipple, (2) 2.5 cm. below and lateral to the left nipple and 

(3) 5.0 cm. below the second electrode. Prior to placement, the skin
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was cleansed with alcohol. The electrodes adhered to the infant ?s skin 

as a bandaid would. It should be noted that this exercise caused no 

pain or risk to the infant nor did it interfere with the infant?s nor

mal activities.

The heart rate was recorded during periods of sleeping, waking 
and crying. Two levels of sleep are described by Siassi. et al. (1979): 
active sleep (AS) and quiet sleep (QS), where AS refers to the presence 
of eye and frequent limb movement with eyes closed, and QS designates 

only brief moments of eye and limb movement with closed eyes. It is 

noted in this report that infants within the gestational range of 37 to 
40 weeks of age showed no significant difference between heart rate 

during AS and during QS. In the present study, the sleep state referred 
to the AS according to Siassi7s definition. The awake state referred 
to the infant during periods of alertness, when the eyes were open and 

there was no evidence of irritability. The crying stage was designated 

by restless, vigorous movements, and the infant was audibly crying. 

During this time, there was an increase in muscle activity.

Before any data were collected, the infant was allowed 20-30 
minutes to acclimate to the testing environment. Each recording ses

sion took approximately two hours of continuous observation. The re
cordings were classified into one minute ^scenarios^ with each coded 

according to the observed behavior. Only those episodes which clearly 

appeared to belong to the defined behavioral state were included in 

the data analysis.
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For each subject, the average heart rate for each of the three 

behavioral states was used in the statistical analysis. The metabolic 

reference standard used was body surface area with the rationale being 
that the magnitude of heat production is dependent on the rate of cool
ing of the body which is related to the size of the body surface 

(Sinclair et al., 1967). As reported earlier, weight minus ECF is a 
more appropriate reference standard than is body surface area. How

ever, for the purposes and the scope of the present study, body surface 

area is used, using the DuBois formula (DuBois, 1924):

S = 0.007184 x h0,725 x W°‘425 
In this equation, "H" .refers to the height in centimeters and ,!WI? refers 
to the weight in kilograms.

Since the newborn infant spends the majority of time sleeping, 

the first block of recording occurred during the sleeping state. The 

investigator woke the infant to record for the awake stage but this was 

periodically interrupted with short episodes of sleep. To reiterate, 

only those scenarios which appear to be clearly classifiable under the 

defined behavior were included in the data. After observation of the 

sleeping and awake periods, the investigator disturbed the infant by 

repeating the skinfold measurements on the right side only. This 

accomplished two purposes: (1) it created enough irritability in all

the subjects to produce the crying stage and (2) it provided another 
check on the skinfold measurements previously collected. The crying 

heart rates were recorded after these measurements were taken. Only 

24 useable crying heart rates were obtained. As mentioned earlier.



the crying state caused an increase in muscle activity which conse

quently interfered with the actual number of heart beats on the monitor 
and in some cases resulted in a false reading of zero beats per minute 
in those subjects0 The average number of usable scenarios per two 
hour recording sessions was 33.

Statistical Analysis 

A description of the maternal-infant population was made in 
which the newborn anthropometry was compared 9 by means of Chi-Square 

analysis9 to references established by Vaucher et al. (Unpublished 
manuscript9 1980). Statistical analysis9 using the student's "t" 

test9 was made between the heart rate of the LGA infants and the 
heart rate of the AGA infants. Using a linear regression model9 the 

relationship was explored between the mean heart rates 9 expressed per 

body surface area and maternal and neonatal parameters.



CHAPTER 4

RESULTS 

Maternal Data
The mothers in the study ranged in age from 15 to 34 years. The 

median age was 22 years. Fourteen of the mothers were Mexican-American9 
15 were Anglo and three were Afro-American.

Four of the mothers were identified as being obese prior to 

pregnancy; of these, one was massively obese and three were moderately 
obese. Of these three, two mothers had prepregnant weights 124 percent 
greater than the median weight for height and the third mother was 

129 percent greater. The massively obese mother had a prepregnant 

weight 151 percent greater than the median weight for height. Moderate 
obesity, according to the National Academy of Sciences, is defined as 

having a weight 120 percent over the median weight for height and mas

sive obesity, 150 percent over the median weight for height (NAS/NRC, 

Recommended Daily Allowances, ed. 8, 1974).

A breakdown of the prepregnant weights (ppw) revealed that the 

six mothers of LGA infants had a mean ppw of 128±17 lbs. (58±8 kg.) and 

the 26 AGA infants had mothers with a mean ppw of 138±23 lb. (63±11 kg.). 
Students TftM test revealed no statistical difference between these two 

groups (t=^0.95, p=n.s.).

28
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A review of the mother’s age, ppw, height and weight gain 

during pregnancy, as well as the drugs taken during labor and delivery, 

is presented in Table 1.

The drugs used during labor and delivery (demerol, sparine,

xylocaine and oxytoxin) were reported to have no effect on the newborn■ r ■
infantTs heart rate (Bustamante, 1980)»

A history of the smoking behavior before and during pregnancy 
indicated that 16 mothers did not smoke at all, three mothers smoked 
both before and during pregnancy and one mother did not smoke before 
but did during her pregnancy» A census of the mothers’ level of caf
feine consumption showed that eight mothers drank an equivalent of 

greater than one cup of instant coffee per day both before and during 

their pregnancy, eight mothers did not consume this much caffeine/day, 

two mothers consumed this amount before but not during their pregnancy 

and two mothers did not ingest this caffeine level before but did during 
their pregnancy. This information was not available for the first 12 

mothers.
Seventy-five percent of the mothers reported they had no weight 

problems in the past, while 15 percent said they had difficulty with 
their weight both in the past as well as the present. A profile of the 
family weight history revealed that 72 percent of the infant’s parents 
were of average weight with no significant problems. Twenty-two percent 

of the infants had one parent who was obese, while six percent had both 

parents who were obese.



Table 1. List of Maternal Characteristics

Maternal Characteristics 1 2 3
Infants 

4 5 6 7 8

Age (yrs) 34 . 18 25 20 22 20 26

Prepregnant weight (kg) 52.2 56.7 71.2 53,1 60.0 • 54.4 52.6

Height (cm) 159.0 150.0 „. .160.. 0 155.0 152.00 160.0 168.0

Weight gain during 
pregnancy (kg) 12.7 12.2 9,5 17.7 14.5 6.4 6.4

Triceps skinfold (mm) - - - - — - --- -

Drugs taken during 
labor and delivery None None Demerol

Sparine
—  Demerol 

Xylocaine
Sparine
Demerol

Demerol Demerol
Sparine

—  = missing data

wo



Table 1.:— Continued

Maternal Characteristics 9 ' 10
Infants 

11 12 13 - 14

Age (yrs) 20 21 30 28 19 25

Prepregnant weight (kg) 56.7 50.0 59.4 65.8 47.6 52.2

Height (cm) 170.0 150.0 160.0 173,0 150.0 163.0

Weight gain during 
pregnancy (kg) 18.4 18.1 5.0 28.6 7.7 18.6

Triceps skinfold (mm) - - - 6.0 15.5

Drugs taken during 
labor and delivery Demerol Demerol

Sparine
Xylocaine

Xylocaine Xylocaine None Xylocaine

—  = missing data



Table 1.— Continued

Maternal Characteristics 15 16 17
Infants

18 19 20 21

Age (yrs) 21 20 25 22 29 20 17

Prepregnant weight (kg) 56.7 68.0 50.8 59.4 45.3 63.5 72.6

Height (cm) 158.0 173.0 163.0 165.0 160.0 163.0 165.0

Weight gain during
pregnancy (kg) 18.1 18.6 9.1 10.8 13.6 21.8 18.1

Triceps skinfold (mm) 13.5 15.0 6,3 8.3 6.6 10.0 12.0

Drugs taken during
labor and delivery Demerol

Xylocaine
None Demerol

Sparine
Demerol
Sparine

Demerol
Sparine

Demerol
Sparine

Xylocaine

Demerol
Sparine

Xylocaine

—  = missing data



Table 1•— Cont inued

Maternal Characteristics 22 23
Infants 

24 25 26 27

Age (yrs) 27 16 20 20 23 25

Prepregnant weight (kg) 60.0 50.0 59.0 59.0 52.6 49.9

Height (cm) 163.0 155.0 160.0 160.0 . 153.0 153.0

Weight gain during 
pregnancy (kg) 17.2 8.6 10.9 10.9 12.7 12.7

Triceps skinfold . (mm) 8.3 9.0 10.0 10.0 10.0 8.5

Drugs taken during 
labor and delivery Demerol 

Sparine 
Xylocaine

Demerol
Sparine

Xylocaine

Demerol
Sparine

Xylocaine

Demerol
Sparine

Xylocaine

Demerol
Sparine

Xylocaine

—  = missing data

wu>



Table 1.— Continued

Maternal Characteristics 28 29
Infants
30 31 32

Age (yrs) 15 25 21 26 22

Prepregnant weight (kg) 52.0 52.0 50.0 83.0 70.0

Height (cm) 153.0 173.0 150.0 160.0 170.0

Weight gain during 
pregnancy (kg) 14.0 13.0 14.0 54.0 14.0

Triceps skinfold (mm) 8.0 6.0 9.5 15.5 11.5

Drugs taken during 
labor and delivery Demerol

Sparine
Xylocaine

None None Demerol
Xylocaine

None

—  = missing data

UO4>*



Infant Data

The distribution of weight9 length and triceps skinfold thick
ness were compared with standards developed at the Arizona Health 
Sciences Center by Vaucher et al. (1980)» With respect to the first 
two parameters9 the two populations were not significantly different. 

The mean birthweights adjusted for gestational age are represented in 
Table 2 along with the reference standards. Sixteen percent of the 32 

infants fell below the 10th percentile and six percent were above the 

90th percentile for birthweight. The distribution of length by gesta

tional age for the study infants indicated that 60 percent were under 
the 50th percentile, the majority of whom (57 percent) were between 
the 10th and 50th percentile. Table 3 summarizes these data. In terms

of the triceps skinfold thickness, the two populations were statisti- . .
2cally different (X =4.07, p<0.05). With the exception of the triceps 

measurements of the infants at the 37th week of gestation, all other 

mean skinfold thicknesses were consistently lower than the reference 

standard (see Table 4).
A review of the infantTs anthropometric measurements, gesta

tional age, sex, age during testing, hematocrit reading, time last fed 
and amount fed and the mean heart rate values are listed in Table 5.

Heart Rate Data
In Figure 1, the distribution of the average sleeping, awake, 

and crying heart rates are depicted. Also shown in this graph is the 
relationship between an individual's mean sleeping, awake and crying
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Table 2. Mean (±SD) Birthweights of Study Infants in Comparison to 

Reference Standards

Gestational Age 
(weeks)

Study Infants 
(N) x (gm) SD (N)

Standard* 
x (gm) SD

36 (1) 2830 202
(20) 2648 498

37 (2) 3108 202

38 (6) 3076 342 (27) 2980 439
39 (5) 3056 482 (64) 3252 407
40 (12) 3371 508 (87) 3450 466

41 (4) . 3123 219 (70) 3394 376

42 (1) 3827 (28) 3841 552

43 (1) 3770

X2 = 1.46, p=ns

* Vaucher, et al. (1980)

f
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Table 3. Mean (±SD) Lengths According to Gestational Age in Comparison 
to Reference Standards

Gestational Age 
(weeks)

Study Infants 
(N) x (cm) SD (N)

Standard* 
x (cm) SD

36 (1) 47.6
(20) 47.5 2.3

37 (2) 49.0 0.5

38 (6) 49.5 2.0 (27) 49.0 2.1

39 (5) 48.6 1.9 (64) 49.7 1.8

40 (11) 50.7 2.0 (87) 50.7 1.8

41 (4) 49.0 1.5 (70) 50.4 1.7

42 (1) 52.3 (28) 52.2 2.1

43 (1) 51.5

• X2 = 3.24, p=ns

* Vaucher, et al. (1980)
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Table 4. Mean (±SD) Triceps Skinfold Thickness According to Gestational 

Age in Comparison to Reference Standards

Gestational Age 
(weeks)

Study Infants 
(N) x (mm) SD (N)

Standard* 
x (mm) SD

36 (1) 3.30
37 (2) 3.50 0.1 (20) 3.20 1.4

38 (6) 2.94 0.8 (27) 3.20 0.9

39 (5) 2.96 0.6 (64) 3,70 0.9

40 (ID 3.20 0,8 (87) 3.90 1.0

41 (4) 3.50 0.1 (70) 3.60 0.6

42 (1) 3.63 (28) 4.30 1.1

43 (1) 4.25

X2 = 4,07, p<0.05

* Vaucher, et al. (1980)



Table 5. Neonatal Characteristics

Infant Characteristics 1 2 3 4
Infants 
5 6 7 8 9 10 11

Gestational age (wks) 40 39 40 40 37 40 40 38 40 37 38
Sex F F M F M M M F F M M
Ethnicity Anglo Anglo Anglo Hex-Am Mex-Am Mex-Am Mex-Am Anglo Anglo Mex-Am Mex-Am
Triceps skinfold (mm) 2.8 3.5 5.0 3.0 3.5 3.8 3.3 4.3 : 3.5 3.8 3.3
Weight (gm) 2-525 3720* 4350* 3000 2985 3450 3430 3650* 3765* 3250 3030
Length (cm) 48.1 48.9 54.0 — 48.6 49.1 51.3 53.5 51.0 49.3 49.4
Mid-arm circumference (cm) 9.3 12.6 13.4 --- 10.2 11.4 10.2 11.0 12.4 11.0 10.4
Head circumference (cm) 32.6 35.7 36.3 —  — 34.2 36.2 37.0 37.4 35.8 34.9 34.3
Sum of skinfolds (mm) 22.6 30.8 35.6 — 25.4 28.0 25.0 22.5 25.1 20.5 22.2
Hematocrit (%) 
Amount of milk fed

65 65 — 49 64 70 45 51

(min or cc)
Amount of time since

15 min 14 min 11 min 11 min 22 cc 30 cc 10 min 10 min 30 rain 45 cc 5 min

last fed (min) 30 52 20 30 37 39 103 280 16 30 288
Sleeping heart rate (bpm) 131 131 109 112 137 —  — 99 137 135 134 111
Awake heart rate (bpm) 146 133 118 123 152 136 118 152 146 140 124
Crying heart rate (bpm) — 181 139 166 159 160 155 159 181 156 —
Sleeping hr/bsa (hr/m^) 7.42 6.22 4.51 —  — 7.17 — 4.70 6.14 6.18 70 5.70
Awake hr/bsa (hr/m2) 
Crying hr/bsa (hr/m2)

8.27 6.31 4.88 - 7.96 - 5.60 6.82 6.69 — 6.38- 8.58 5.75 - 8.32 - 7.35 7.13 8.30 7.80 -
Age during examination (hrs) 32 33 31 39 25 43 43 25 38 23 26

bpm = beats per minute
bsa = body surface area
hr/m^ = heart rate/meter squared
* = large for gestational age
hr/bsa = heart rate/body surface area



Table 5,— Continued

Infant Characteristics 12 13 14 15
Infants 

16 17 18 19 20 21 22

Gestational age (wks) 36 39 38 38 40 39 41 39 40 „ 41 40
Sex M F M M F F F F F F F
Ethnicity Anglo Mex-Am Anglo Mex-Am Anglo Anglo Mex-Am Mex-Am Mex-Am Mex-Am Mex-Am
Triceps skinfold (nun) 3.3 3.0 2.8 3.0 3.5 1.8 3.5 2.8 2.3 3.3 2.5
Weight (gm) 2645 2535 2675 2580 3410 2540 3200 2985 3265 2950 2700
Length (cm) 47.6 46.7 47.8 49.1 52.9 47.0 49.7 49.0 52.2 48.6 48.6
Mid-arm circumference (cm) 9.1 10.0 9.4 9.8 10.4 10.2 11.2 10.4 10.5 10.3 10.3
Head circumference (cm) 33.3 32.6 32.5 33.1 31.5 31.5 34.8 34.3 33.5 38.1 32.2
Sum of skinfolds (mm) 23.3 21.7 20.5 19.8 24.6 15.5 24.7 20.4 19.2 20.6 17.4
Hematocrit (%) --- 57 60 64 57 " " —  — — 58 ---

Amount of milk fed 10 min 7 min
(min or cc) 16 min 55 cc 10 cc 15 cc 40 cc 40 cc 60 cc 75 cc 7 min 65 cc 5 min

Amount of time since
last fed (min) 49 30 60 585 60 30 60 70 30 25 50

Sleeping heart rate (bpm) 127 126 122 116 103 111 113 136 113 110 100
Awake heart rate (bpm) 136 143 125 122 115 122 120 141 121 127 112
Crying heart rate (bpm) 185 158 144 137 128 148 147 170 134 166 —
Sleeping hr/bsa (hr/m^) 7.10 7.27 6.77 • 6.39 4.80 6.35 5.65 7.08 5.39 5.81 5.45
Awake hr/bsa (hr/m2) 7.61 8.32 6.89 6.72 5.37 7.00 6.83 7.30 5.79 6.69 6.13
Crying hr/bsa (hr/m2) 10.35 9.13 8.00 7.57 5.96 8.50 7.35 8.85 6.41 8.74 —

Age during examination (hrs) 51 44 44 43 32 52 44 40 47 49 , 35

bpm = beats per minute
bsa = body surface"area
hr/m^ = heart rate/meter•squared
hr/bsa = heart rate/body surface area



Table 5.— Continued

Infant Characteristics 23 24 25 26
Infants

27 28 29 30 31 32

Gestational age (wks) 38 40 41 43 40 38 39 40 41 42
Sex F F M F F F F M M M
Ethnicity Mex-Am Mex-Am Mex-Am Mex-Am Anglo Mex-Am Anglo Mex-Am Afro-Am Anglo
Triceps skinfold (mm) 2.5 3.0 3.0 4.5 3.5 3.3 2.5 3.0 3.5 3.5
Weight (gm) 3050 3185 3185 3770 3750* 3215 3075 3100 2880 3827*
Length (cm) 48.8 48.9 50.5 51.5 52.4 48.4 51.3 49.3 47.0 52.3
Mid-arm circumference (cm) 10.1 12.1 11.1 12.0 11.0 10.3 10.1 11.0 11.2 11.2
Head circumference (cm) 33.1 34.0 33.9 36.5 36.3 33.2 30.4 33.4 33.2 34.6
Sum of skinfolds (mm) 20.0 21.3 20.1 28.8 31.5 20.0 23.8 23.8 27.3 27.3
Hematocrit (%) 
Amount of milk fed

61 70 59 — — — 57 — 63

(min or cc)
Amount of time since

30 cc 55 cc 30 cc 30 cc 60 cc 90 cc 75 cc 6 min 8 min 6 min

last fed (min) 60 40 45 55 30 60 30 30 40 30
Sleeping heart rate (bpm) 120 130 130 - 131 128 113 110 116 109 116
Awake heart rate (bpm) 132 139 145 137 136 — 128 — 116 128
Crying heart rate (bpm) 153 — 155 164 144 —  — 150 -- - --- —  —
Sleeping hr/bsa (hr/m^) 6.15 6.61 6.48 6.02 5,77 5.64 5.48 5.75 5.94 5.41
Awake hr/bsa (hr/nA 6.83 7.03 7.24 6.38 6.08 6.36 — 6.30 5.90
Crying hr/bsa (hr/m2)
Age during examination (hrs)

7.91 7.68 7.56 6.48 7.44

bpm = beats per minute
bsa = body surface area
hr/m = heart rate/meter squared
* = large for gestational age
hr/bsa = heart rate/body surface area
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heart rates as illustrated by the connecting lines, Linear regression 
analysis revealed a strong positive correlation between an individual's 
sleeping, awake and crying heart rate when expressed in terms of body 
surface area (r=0.94, p<0.001)«

Although there is a slight clustering of sleeping heart rate 
recordings around 110 and 130 beats/minute, this was not a strong in
dication of bimodality. The heart rate distributions for the three 
behavioral states were widely dispersed. The sleeping heart rate when

2expressed per body surface area ranged from 4.51 to 7.42 beats/minute/m ,
2the awake heart rate from 4.88 to 8.27 beats/minute/m and the crying

2heart rate from 5.90 to 10.40 beats/minute/m .

The identification of the LGA infants of average weight parents 

and LGA infants who had one parent who was obese are represented in 

Figure 2. AGA infants who had one obese parent and AGA infants with 

both parents being obese are illustrated in Figure 3.

One infant's parents were both massively obese. However, their 

infant was neither very heavy (birthweight = 2885 gm.) nor very fat 
(the sum of the eight skinfolds =27.3 mm.). This subject had an 

average sleeping heart rate of 109 beats per minute and a mean awake 
heart rate of 116 beats per minute; both values were on the low end of 
the sleeping and awake distributions. A crying heart rate was not ob

tained for this subject.
Another infant who was LGA and had a moderately obese mother 

had relatively low mean heart rate values (sleeping=109 beats/minute, 

awake=118 beats/minute, crying=139 beats/minute). Except for these
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cases9 there were no other noteworthy correlations between the parent ?s 
weights, the infant’s weight and the mean heart rates.

The average sleeping, awake and crying heart rates (±SD) for the 

LGA and AGA infants are summarized in Table 6, When the mean heart 

rates were expressed per body surface area, a TftT! test revealed-no sta
tistical difference between the two populations. There was a statis

tically significant difference between the LGA and AGA infant in terms 

of the sums of the eight skinfolds (SSF) (t=4,03, p<0,Q5),

A f,tn test analysis between the mean heart rates as measured 
by the medical student and the present investigator revealed no statis
tical significant differences.

For the population as a whole, one-way analysis of variance 

showed no significant correlation between the mean sleeping and mean 
awake heart rates expressed per body surface area (BSA) and the infant’s 

sex or the smoking and caffeine status of the mother. There was also 

no relationship between the mean sleeping heart rate and ethnicity, 

however, there was a significant association of ethnicity with the awake 

heart rate/BSA (F ratio=4,l, p<0.05). The Afro-American and Mexican-

American infants had similar mean awake heart rates, 6,95 and 6,96 beats/ 
2minute/m respectively whereas the Caucasian infants had a lower mean

2awake heart rate of 6,19 beats/minute/m , Table 7 reviews these find

ings. It should be noted that the statistical analysis with respect to 
the correlation between the mean heart rates and the maternal and neo

natal characteristics involved the mean sleeping and awake heart rates
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Table 6. Characteristics of LGA and AGA Infants

Infant 
Charac teris tics

Weight for Gestational Age 
LGA AGA t

Significance
Level

SSF (mm) 28.8 (±3.2) 22.4 (±3.2) 4.03 <0.05
Awake heart 

rate (bpm) 136.0 (±12.3) 130.0 (±11.2) 1.09 ns

Sleeping heart 
rate (bpm) 126.0 (±11.1) 118.0 (±11.3) -0.50 ns

SSF = sum of skinfolds
bpm = beats per minute
ns = not significant
LGA = large for gestational age
AGA = appropriate for gestational age
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Table 7. One Way Analysis of Variance of Maternal and Neonatal 
Characteristics and Infant Heart Rate

Sleeping Heart Rate/bsa Awake Heart Rate/bsa
Characteristic F-Ratio F-Probability F-Ratio F-Probability

Sex of infant 0.01 (ns) 0.15 (ns)

Smoking status 
of mother 0.48 (ns) 0.17 (ns)

Ethnicity of 
infant 3.01 (p<.10) 4.10 Cp<0,05)

Caffeine status 
of mother 0.53 (ns) 0.43 (ns)

bsa = body surface area
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only. Because of difficulty obtaining the crying heart rate for many 

subjects as explained previously, this was not included in the analysis.

Further examination by means of a linear regression analysis of 
the mean sleeping and awake heart rates/BSA in relation to additional 
maternal characteristics, i.e., triceps skinfold thickness, weight for 
height and maternal weight gain during pregnancy, revealed a significant 

negative correlation between the maternal triceps skinfold measurements 
and the mean awake heart rate of the newborn (r=0.43, p<0.05). There 

was also a slight but significant negative correlation between maternal 

weight gain during pregnancy and the mean awake heart rate of the infant 
(r=0.39, P<0.05). The remaining maternal parameters showed no signifi

cant correlation with the heart rate values. Table 8 summarizes these 
results.

Statistical analysis by means of a linear regression model of 
the heart rate values/BSA and neonatal characteristics, i.e., triceps 
skinfold measurement, weight for height, hematocrit and gestational age 

revealed negative correlations between the triceps skinfold measurement, 

gestational age and weight for height and the mean sleeping and awake 

heart rates. Table 8 reviews these statistical findings.

There was no relationship between hematocrit and heart rate 
for the infants for whom hematocrit data were available (35 percent). 

Because the hematocrits that were obtained were not collected under 

standard conditions, i.e., at the same time following births and at the 

same site (centrally or peripherally drawn), we draw no conclusion from 

this information.



Table 8. Linear Regression Analysis of Neonatal and Maternal Characteristics and Infant Heart Rate

Infant
Characteristics

Sleeping Heart Rate/bsa 
Significance 

Pearson's r Level 2r

Awake Heart Rate/bsa
Significance 

Pearson's r Level r2

Triceps skinfold -0.26 A H O 0.07 -0.31 (p=.05) 0.09

Weight/length -0.50 (p<.01) 0.24 -0.58 P A O O £ 0.34

Gestational age -0.43 (p=.01) 0.18 -0.39 . (p<.05) 0.15

Maternal
Characteristics Pearson's r

Significance
Level 2r Pearson's r

Significance
Level 2r

Triceps skinfold -0.26 (ns) . 0.07 -0.43 (p<.05) 0.18

Weight/height -0.31 (ns) 0.09 -0.28 (ns) 0.08
Weight gain during 

pregnancy -0.30 (ns) 0.09 -0.39 (p=.05) 0.15

bsa = body surface area

UiP



Table 9 reviews the results of the correlation between the in 
fant's triceps skinfold thickness and weight for length to the heart 

rate within gestational age categories.

In Appendix A, Figures A-l through A-6 illustrate by scatter- 
gram the mean heart rates versus neonatal characteristics,
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Table 9. Regression Analysis of Neonatal Characteristics and Heart 

Rate Within Gestational Age Categories

Gestational 
Age (weeks) (N) Heart Rate

Infant
Characteristics r (?)

38 (4) awake triceps skinfold ,01 (ns)

(4) sleep triceps skinfold — . 13 (ns)

(3) awake ■ weight / leng th — .18 (ns)

(3) sleep weight/length -.70 (ns)

39 (6) awake triceps skinfold -.01 (ns)

sleep triceps skinfold .23 (ns)
awake weight/length -.59 (ns)
sleep weight/length. -.31 (ns.)

40 (9) awake triceps skinfold — . 49 (ns.)

sleep triceps skinfold -.45 (p=,ll)

awake weight/length -.59 (p<.05)

sleep weight/length -.51 ■tT A H O
41+ - (6) awake triceps skinfold -.46 (ns)

sleep triceps skinfold — . 16 (ns)

awake weight/length -.39 (ns)

sleep weight/length -.10 (ns)



CHAPTER 5

DISCUSSION

The purpose of this pilot study was to examine the heart rate

of healthy newborn infants and to determine whether this might be a
viable instrument with which to identify potential candidates for later 
obesity. More specifically, it described the heart rate variability 

and investigated whether heart rate was related to certain maternal and 

neonatal parameters.
Because no attempt was made to determine the oxygen consumption 

of the newborn infant, the results obtained do not provide estimates of
actual energy expenditure. The conclusions to be drawn from this ex

ploratory study, therefore, depend on the validity of the assumption 

that heart rate is linearly correlated with oxygen consumption in this 

group of subjects. Based on these constraints, the results of this 

study must be regarded as preliminary.
The heart rate distributions for the sleeping, awake and crying 

states were widely dispersed with no evidence of two distinct popula

tions present, i.e., low energy expenders and high energy expenders.
2The sleeping heart rate/BSA ranged from 4.51 to 7.42 beats/minute/m ,

2the awake from 4.88 to 8.27 beats/minute/m and the crying heart rate/
2BSA ranged from 5.9 to 10.4 beats/minute/m , Smales (1978) also re

ported a wide range in oxygen consumption in newborn infants with

53
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similar ages, weights and at the same ambient temperature* In the 

present study, there was noted to be a strong correlation between an 

individual's mean sleeping and awake heart rates/BSA (r=0»94, p<Ch001)e 

The present study showed no significant difference in the mean 
heart rates/BSA when comparing LGA and AGA infants. Infants of obese 

mothers tended to have lower mean heart rates when compared with infants 

of average weight mothers but the difference was not statistically sig

nificant* A previously mentioned study also found a significantly lower 

level of energy expenditure in preschool children of obese parents in 

comparison with those of nonobese parents even though the two groups of 

children did not differ in body size (Payne and Griffiths, 1976),

When comparing the mean heart rates expressed per BSA with ma
ternal characteristics, the triceps skinfold measurement and the weight 

gain during pregnancy showed significant negative correlations with the 
awake heart rate but not the sleeping heart rate. As the maternal 
triceps skinfold thickness increased, the infant's awake heart rate 
tended to decrease. Again, as the maternal weight gain during pregnancy 
increased, the infant's awake heart rate decreased. There was no asso

ciation between maternal weight gain during pregnancy and maternal tri

ceps skinfold thickness. Maternal weight for height showed no signifi

cant correlation with either the sleeping or the awake heart rate.

One-way analysis of variance revealed a slight relationship 

between ethnicity and the awake heart rate (F ratio=4.1, p<0.05). The^

Afro-American and Mexican-American infants had similar mean awake heart
2rates, 6.95 and 6,96 beats/minute/m , respectively, whereas the
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Caucasian group had a lower mean awake heart rate of 6.19 beats/minute/

2m o No correlation was found between the infant’s sex nor the smoking 
or caffeine consumption of the mother and the mean heart rates..

With respect to the association of fatness and ethnicity, the 
following was noted. The Afro-American population contained two sets 
of obese parents of which one pair were both massively obese and the 

other set of parents were moderately obese. The third set of Afro- 

American parents included a moderately obese mother and an average 
weight father. The Mexican-American population consisted of two moder

ately obese mothers and two moderately obese fathers, none of which 
were from the same family. Five of the six LGA infants were Anglo- 
American. All the mothers from the latter group were average weight, 

while three of the infant’s fathers were moderately obese.
Correlation analysis revealed negative correlations between 

the infant’s weight for length and triceps skinfold thickness and the 
heart rate values. In the latter case, an outlier may be obfuscating 

the true correlation between the awake heart rate and the infant’s tri

ceps measurement. However, with such a small population and in. the in
terest of subjects who are at the extreme, ends of the distribution, this 
outlier may be of significant importance. Identification of this sub

ject revealed an LGA infant with triceps measurements of 5.0 mm.

(SSF=36.6 mm.), who had a mother with a weight 129 percent over the 

median weight for height.

A slight but significant negative correlation was found between 

the infant’s weight for height and the sleeping heart and a stronger
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correlation with the awake heart rate.. This is an interesting dis
covery since "heavier" infants tend to have higher weight/height values, 
indicating that "heavier" as well as fatter infants have lower heart 
rate recordings.

With increasing maturity, there was a decrease in the mean 

sleeping and awake heart rates. This is in agreement with a previous 

study (Siassi et al., 1979) that discovered the heart rate to decrease 
with increasing maturity according to gestational age. In Siassi's 
study, however, premature infants (27—36 weeks) had higher heart rates 

than the full-term infants (36-40 weeks) with little variation by ges
tational age found among those within the latter group.

A multiple regression analysis of the infant’s characteristics 
and average heart rates was not statistically possible to perform. In 
order to ascertain the effects of the infants fatness or heart rate in
dependent of maturity, the infant’s triceps skinfold measurement arid 

weight for length were correlated with the mean heart rates within ges
tational age categories: below 38 weeks, 39 weeks, 40 weeks, 41 weeks

and above. The infant's weight for length was once again found to be 
negatively correlated with the heart rates, particularly at the 40th 
week of gestation. A weaker yet consistent negative relationship was 

also found between the infant's triceps skinfold measurement and the 

heart rate.
To summarize, the results from this preliminary investigation 

revealed independent negative correlations between the infant's mean 
heart rates expressed/BSA and neonatal parameters (triceps skinfold



57
measurement, weight/length and gestational age). It was also found 

that as the maternal weight gain during pregnancy increased and as the 

mother's triceps measurements increased, the mean awake heart rate re
cordings decreased.

The literature suggests that weight minus ECF is a more exact 
reference.standard than is the body surface area. Because of the limi
tations in technique, the present study resorted to a simpler method.

Had weight minus ECF been used as a reference standard, the heart rate 

variability might have been reduced and perhaps stronger correlations 
produced.

Even though the correlations between the maternal and infant 

characteristics and the infant's heart rates were not robust, it none
theless suggests a relationship between maternal-infant parameters of 
obesity and levels of energy expenditure as measured by heart rate.

This is assuming neonatal heart rate is a good estimate of energy ex
penditure and that heart rate is linearly related to oxygen consumption.

It should be emphasized that these are preliminary results.

The technique employed only provided a snapshot in time of the indi
vidual's heart rate and was not sufficiently sensitive to measure the 

diurnal variations. In other words, the mean heart rate readings were 

not necessarily characteristic for each infant. Serial heart rate 

measurements over a period of days during various levels of activity 

along with a follow-up investigation at intervals that would include 

energy intake and a diary of activities would provide a more accurate 
representation of the infant's energy expenditure as measured by heart
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rate- However9 individual variations in heart rate have been reported 

despite the use of sophisticated techniques (Bradfield, 1971). An 

earlier study in young adults revealed a coefficient of variation of 
approximately 10-15 percent in the same subject for the same activity 
over a period of time (Astrand, 1969)-

The present study does demonstrate the feasibility of using 

neonatal heart rate as a measure of energy expenditure and it does 

suggest a slight negative correlation between maternal and infant 
parameters of fatness and neonatal heart fate. Further studies are 
required to perfect the heart rate technique in the newborn with the 
possible inclusion of the simultaneous measurement of oxygen 

consumption-
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SUBJECT’S CONSENT 4
Title: PERINATAL PREDICTORS OF.INFANTILE OBESITY - ENERGY EXPENDITURE
I understand that once a child or adult has become very overweight (obese), that it 
is very hard to lose weight. Certain babies are fatter than, others but it is not 
known which babies will be fat in later infancy and childhood. However, studies have 
shown that many obese people have lower levels of physical activity than other people.
I understand that I am being asked to allow my baby to wear a simple device for 24 
hours which will count his/her heartbeats and serve as a measurement of physical 
activity. This device attaches to the baby’s chest by means of two wires which stick 
to the skin. There is no pain or risk involved. Wearing the device will not inter
fere with my baby’s normal activities, eating or rest.
I agree that these measurements may be repeated when my baby is six months, one year, 
two years, and three years old. These repeat measurements can be done in my home at 
my convenience.
I realize that there will be no direct benefit to my child. At some time in the future, 
doctors may be.able to predict which infants will become fat so that treatment may be 
started early in life. The participation of my child in this study may help to make 
this prediction possible.
If I decide to participate in this study, my name and that of my child will be kept 
confidential at all times. No charges will be made for these studies.
The naturej demands, risks, and benefits of the project have been explained to my 
witness and me- as well as the type of treatment as known and available. I understand 
what'my participation involves. Furthermore, I understand that I am free to ask ques
tions and withdraw representative of the particular department.

Signature of Parent or Legally Authorized "Date
Representative

Witness Date

I have carefully explained to the subject the nature of the above project. I hereby 
certify that to the best of my knowledge the subject signing this consent form under
stands clearly the nature, demands, benefits, and risks involved in participating in 
this study. A medical problem or language or educational barrier has not precluded a 
clear understanding of his/her involvement in this project.

Investigator’s Signature Date



Obesity Study #

INFANT DATA

Date of examination: 

Time of examination:

Mother's name: _____

Hospital ID#: ______

Gestational age:
Dubowitz score: ____   wks
Birth date:______________
Birthweight:    S

SGA ______ AGA   LGA __
Apgar • (1,5):    ^

Hematocrit reading: _________ %

Drugs during labor and delivery:

Age of baby:_________ hrs
Baby's weight today:  ________ g

Room temperature:  _________ °F

Sleeping heart rate: ____________
Crying heart rate: ____________
Awake heart rate: ________ .

Total H.R. :  ____ .

Baby's name: ___________

Hospital ID#: _______ __

Study ID#: _____________

Sex: _________________ _

Feeding:
Bottle: _____
Breast: _______

Combination: _____

Time of last feeding: __
Amount of last feeding: 

(minutes or cc's)

Sum of eight (8) skinfolds 
% body fat
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INFANT DATA

ANTHROPOMETRIC MEASUREMENTS

Diameters: 
Biacromial

Left Right
cm

Bi-ileocristal cm

Circumferences: 
FOC (Head) cm
Chest cm
Thigh cm cm
Calf cm cm
MAC (Mid Upper Arm) cm cm

Arm Lengths: 
Upper Arm __cm cm
Lower Arm . cm cm

Fatfolds:

Triceps cm cm
Biceps cm cm
Abdominal cm cm
Subscapular cm ___cm

Lengths:
Supine (Crown-heel) cm
Crown-rump .. « cm



MATERNAL DATA

Study ID#: ____
Hospital ID#: 
Date examined:

Name: __
Address:

Telephone #:

HISTORY

Age:  __________
Race: ___________
Living children: ______
Father's ethnic group:

Weight before pregnancy:
Weight at term: _________
Height of mother: _______

lbs
_lbs
inches

■ ANTHROPOMETRIC MEASUREMENTS

Midarm circumference:
Lef t ____________cm Right

Fatfold measurements:
Left bicep ______

tricep _____

Left subscapular

Cigarette Consumption: 
Before pregnancy

Caffeine Consumption:
Coffee:

Before Preg. . 
During Preg. _

Right bicep 
tricep

Right subscapular

During pregnancy

Cola drinks:
Before Preg. 
During Preg.

Tea:
Before Preg. 
During Preg.
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MATERNAL DATA

FAMILY WEIGHT HISTORY
WEIGHT AGE SEX

Mother:
1. Pre-pregnant Weight: ______ ___  ___________

2. Weight Gain/Loss in Past:

Father:
1. Present Weight:
2» Weight Gain/Loss in Past:

3. Height ._____  inches

Siblings:
1. Present Weight

2. Birth Weight: a.

b.

* Denotes measurements that were recorded by examiner.
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