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ABSTRACT 

This study was conducted to document the size of primigravid women and 

their infants and placentas born at term in the Coloured community of 

Cape Town. It also explored the relationship between maternal, infant 

and placental size at birth. 

One thousand nine hundred and fifty seven firstborn infants delivered at 

term to Coloured women by the Peninsula Maternity Service during 1975 

and 1976 were examined. The birth weight, crown-heel length and head 

circumference of each infant were measured, the gestational age assessed 

and the ponderal index of weight to length3 calculated. In addition the 

standing height, delivery weight and postdelivery weight of 395 of their 

mothers were measured and the Quetelet index of weight to height 2 

determined. The trimmed weight and chorionic plate area of 992 of the 

study infants' placentas were also measured and the placental thickness 

calculated. 

The mean height, delivery weight and postdelivery weight of the study 

mothers were 154,2 cm, 64,4 kg and 59,3 kg respectively. These results 

fell between those reported from poor and affluent societies. The mean 

Quetelet index of 24,4 was similar to that found in well nourished 

communities. Most study mothers therefore were short and light but 

normally proportioned. These findings suggest that they were not 

undernourished but, due to their low weight, had small nutritional 

reserves available to their fetuses. It is argued that their short 

stature reflected poor childhood nutrition. When categorised by height, 

postdelivery weight and Quetelet index a number of patterns of size and 

shape were identified, each suggesting a different nutritonal history. 

The mean birth weight, length and head circumference of the study 

infants were 2988 g, 48,5 cm and 34,1 cm respectively with a mean 

gestational age of 39,2 weeks. Therefore they were shorter and lighter 

with smaller heads than infants born at term in affluent societies. The 

mean ponderal index of the study infants was 2,58 which is similar to 

that reported from well nourished communities. This indicates that most 

infants were normally proportioned and not wasted. The size and shape 

of the study infants suggest a prolonged period of slow intrauterine 
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growth rather than wasting due to undernutrition in the last weeks of 

pregnancy. 

All measurements of infant size increased from 37 to 41 weeks. Males 

were heavier and longer with bigger heads than females but there was no 

sex difference for ponderal index. The infants could be categorised by 

weight, length, head circumference and ponderal index into different 

groups each suggesting a particular pattern of intrauterine growth. 

Most infants with a birth weight below the 10th percentile for age were 

also short with a normal ponderal index. Half of these light infants 

also had small heads. 

The mean trimmed weight, chorionic plate area and thickness of the study 

placentas were 430 g, 255,6 cm2 and 1,72 cm respectively. These results 

are similar to the few reports of placental size from affluent 

societies. Placental weight increased from 37 to 41 weeks mainly due to 

an increase in thickness. There was little increase in chorionic plate 

area with gestational age. A small chorionic plate therefore suggests 

retarded placental growth earlier than 37 weeks. The size of placentas 

in male and female infants was not significantly different. 

The ratios of rlacental weight to infants length and head circumference 

increased with gestational age suggesting that quantitative placental 

adequacy does not fall at the end of pregnancy. It is argued that the 

ratio of placental weight to infant weight is of little value in 

assessing placental size relative to infant size at term. 

Maternal height did not correlate significantly with infant size 

suggesting that maternal stature has little influence on the pattern of 

intrauterine growth. In contrast maternal weight, and to a lesser 

degree maternal Quetelet index, correlated positively with infant 

weight, length and head circumference at birth. These data suggest that 

a mother's weight at the end of pregnancy, reflecting her nutritional 

reserve, was an important determinant of the rate of fetal growth in the 

study community. Surprisingly the Quetelet index, a measure of the 

degree of maternal fatness, was a less important determinant of infant 

size. The fetal growth rate in males was more dependent on maternal 

weight than that in females. Most infants born to short, light women 

were proportionately light and short with small heads suggesting that 
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they had been programmed to grow slowly from early pregnancy before 

nutritional demands on the mother became great. This pattern of 

retarded fetal growth may be an adaptive mechanism to protect both 

mother and fetus from severe nutritional stress in the last weeks of 

pregnancy. 

Maternal weight and to a lesser extent maternal Quetelet index, but not 

maternal height, had a significant effect on placental size with heavy, 

fat mothers deliverying infants with the heaviest placentas. The 

infants of heavy mothers also had the greatest placental weight to 

infant length and head circumference ratios. The infants of heavy 

mothers therefore had both absolutely and relatively bigger placentas 

than did the infants born to light mothers. This suggests that the 

infants of light mothers may have suffered some degree of placental 

inadequacy. 

Determining the independent effect of maternal, infant and placental 

weight on one another suggested that maternal weight had a direct 

influence on infant size but no direct influence of placental size. Any 

correlation between maternal weight and placental weight was mediated by 

the effect of maternal weight on fetal growth. 

In order to increase the rate of fetoplacental growth in light women it 

is advocated that their weight be increased by supplementing the 

maternal calorie intake from early pregnancy, or preferably from before 

conception. Whether this intervention will improve the size and quality 

of these infants and enhance their postnatal growth remains to be 

tested. 
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CHAPTER I 

PREFACE 
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During the seventies most women in Cape Town who could not afford 

private medical care were delivered by the staff of the Peninsula 

Maternity Service at either Groote Schuur Hospital or Peninsula Mater

nity Hospital. The majority of these women came from the so-called 

Coloured community. For many years it had been observed at Groote 

Schuur Hospital that poor, Coloured women often were underweight and of 

short stature at delivery, although clinical signs of malnutrition were 

uncommon. Their diet during pregnancy was unknown but, due to their low 

socioeconomic status, was probably not optimal. 

In addition it had been noted that the infants of these mothers fre

quently were small for their gestational age at birth. The cause of 

their retarded fetal growth was usually attributed to genetic factors, 

or to placental insufficiency as small infants at term often had small 

placentas. At that time the role of maternal size as a determinant of 

intrauterine growth rate had not been studied in Cape Town. Therefore 

it was not known whether the smallest women delivered the most growth 

retarded infants and placentas. 

Prompted by these observations, I set out in 1975 to investigate the 

relationship between the size of Coloured mothers, infants and placentas 

delivered by the Peninsula Maternity Service. My working hypothesis was 

that a positive correlation existed between maternal, infant and 

placental size at birth, and that this relationship was partially 

explained by the inadequacy of maternal nutrition. 

Initially I measured the size of Coloured infants at birth in order to 

establish whether they were indeed small for their gestational age. 

After a few months the study was expanded and the size of their mothers 

and placentas was also determined. With these data it was possible to 

describe the size of Coloured mothers, infants and placentas at birth, 

and to investigate the influence of maternal size, infant size and 

placental size on one another. The results of these investigations are 

presented in this thesis. 

A study of this nature covers a very wide range of topics and involves 

an extensive literature review. In order to simplify the text and avoid 

confusing the reader by presenting a kaleidoscope of subjects simulta

neously, I have divided the thesis into a number of discrete chapters. 
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Chapters II and III introduce the study sample and give the methods used 

while the content chapters IV to XI present and discuss the study data. 

The earlier chapters describe the size of the study mothers, infants and 

placentas while the later chapters investigate the relationships between 

maternal, infant and placental size. Each content chapter has its own 

introduction with a literature review, set of results, discussion and 

summary. In chapter XII these summaries are brought together and 

conclusions are drawn. The final chapter looks to the future and lists 

relevant questions which remain unanswered. 

It is hoped that the conclusions reached in this thesis will contribute 

to a better understanding of the relationship between the size of 

mothers and the pattern of intrauterine growth of their infants and 

placentas. This knowledge should in turn lead to an improved level of 

care in pregnant women and their newborn infants. 
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CHAPTER II 

AIMS AND OBJECTIVES 
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The general aims of the study were to document the size of Coloured 

mothers, infants and placentas at delivery, and to use these data to 

investigate the relationship between maternal, infant and placental 

size at birth. 

The specific objectives of the study were as follows: 

2.1. 

2.2. 

2.3. 

To identify a suitable sample of mothers, infants and placentas 

to study 

At the outset it was required that a group of mothers and 

infants be identified which would be suitable for study, could 

be easily reached and would be as representative as possible of 

the Coloured community in Cape Town. 

To document the size of the study mothers at delivery 

It was important to choose a few simple, objective and well 

standardised measurements of maternal size that could be 

accurately determined and compared to data from other popula

tion studies. It was hoped that these measurements could be 

used to assess the nutritional status of the study mothers. 

To document the size of the study infants at delivery 

As with the measurement of maternal size, a few simple, well 

standardised measurements were needed to document infant size 

at delivery. These measurements, together with the gestational 

age, would be used to determine the rate of intrauterine growth 

and assess whether the fetus had suffered any degree of growth 

retardation. It was also planned to use various measurements 

of infant size to subdivide the study infants into different 

size and shape categories that could be used to determine 

different patterns of intrauterine growth. 
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2.5. 

2.6. 

2.7. 

2.8. 
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To document the size of the study placentas at delivery 

It was decided to measure the size and weight of the placentas 

in order to assess the adequacy of their intrauterine growth 

and to obtain a size and weight standard for placentas. 

To investigate the relationship between infant and placental 

size 

A better understanding of the relationship between infant size 

and placental size would indicate whether growth retarded 

infants had equally growth retarded placentas. 

To determine the influence of the maternal size on fetal growth 

To establish whether maternal size was a determinant of infant 

size in the study sample and if so, which measurements of 

maternal size were the most important. It was hoped that this 

analysis would also indicate the possible influence of maternal 

nutrition on the pattern of fetal growth. 

To determine the influence of maternal size on placental growth 

As with fetal growth, it would of great interest to establish 

whether maternal size, and possibly nutrition, affected the 

pattern of placental growth. 

To investigate the independent effects of maternal, infant and 

placental size on one another 

It was hoped to establish whether any influence of maternal 

size on infant size was direct, or merely mediated via the 

adequacy of placental growth. 
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CHAPTER III 

STUDY SUBJECTS 
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3.1. THE STUDY POPULATION 

The study population consisted of all members of the Coloured 

community living in the Municipal area of Cape Town. A so 

called Coloured person is defined in terms of the Population 

Registration Act (Act 30, 1950), which states that a 'Coloured 

Person' is a person who is not a 'White Person' or a 'Bantu'. 

In this study 'Asians' were excluded from the above definition. 

In a demographic analysis of the Coloured population group 

enclosed in the report of the Theron Cmmnission of 1976, the 

size of the Coloured community is given as approximately 2 

million with roughly a third living in the Cape Peninsula. The 

Coloured people are a very heterogeneous community consisting 

of a mosaic of ethnic origins. Historically they have decended 

predominantly from an admixture of Western European and South 

East Asian immigrants, and the indigenous Khoisan pastoralists 

and hunter-gathers of the western Cape. In a study of blood 

group frequencies Botha (197 2) concluded that the Cape Town 

Coloured population was derived from approximately 34% Western 

European, 36% South African and 30% Asian stock. 

Today the Cape Town Coloured community are represented across 

the socioeconomic spectrum but poor living conditions are 

common. Molteno et al (1980) studied a cohort of Coloured 

women who delivered in the Cape Town Municipal area during May 

and early June 1976, and reported that 62% were not educated 

beyond primary school level, 40% were unmarried and 20% were 

still in their teens. In 63% of the families the breadwinner 

was unskilled or semiskilled. Housing was inadequate with 

'gross overcrowding' in 50% while 30% of the families had an 

income below an 'effective minimum level'. 

The general nutritional status of pregnant women in the study 

community has not been well documented but the above 

socioeconomic datg suggest that an inadequate diet during 



9 

pregnancy is common. In a recent unpublished study 

(Langenhoven and Steyn 1983) of 309 non pregnant women drawn 

from across the socioeconomic spectrum of the Coloured 

community in the Cape Peninsula, a diet adequate in protein but 

low in calories was recorded; the mean daily intake of calories 

was 1775 kcal which is 85% of that recommended by the United 

States National Academy of Sciences (1980). 

Ninety percent of pregnant women in the study population were 

cared for by the Peninsula Maternity Service (Molteno et al 

1980). The perinatal mortality rate is approximately 40 per 

1000 (Knutzen and Malan 1977) with 15% of all infants weighing 

less than 2500 g at birth (Malan et al 1967). 

The study population, comprising the Coloured community in Cape 

Town, is therefore socioeconomically disadvantaged and many 

members have a low calorie diet; features in common with many 

developing urban communities in other parts of the 'Third 

World'. 

3.2. THE STUDY SAMPLE 

The study sample consisted of 1957 firstborn infants, delivered 

at term within the study population. Included also in the 

study were 395 of their mothers and 992 of their placentas. 

The study infants and mothers were all cared for by the 

Peninsula Maternity Service at either Groote Schuur Hospital or 

Peninsula Maternity Hospital between February 197 5 and April 

1976. The study infants were all liveborn singletons without 

major congenital malformations or chromosomal abnormalities. 

Stillborn and severely malformed infants were excluded, as 

were twins. Preterm infants were also excluded as 'the weights 

of babies which are born prematurely are not necessarily 

distributed similarly to those of similar age which continue in 

utero until term' (Thomson and Billewicz 1976) while postterm 

infants were excluded because of their small numbers. Preterm 
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and postterm infants were defined as infants born before 37 

weeks (259 days) and at or beyond 42 weeks (294 days) of 

gestation respectively, as recommended at the 2nd European 

Congress of Perinatal Medicine in London in 1970. The 1957 

study infants were therefore all born at term and had a mean 

(SD) gestational age of 39,20 (1,05) weeks. One thousand and 

thirteen of the infants were males and 944 were females. The 

mean (SD) gestational age of the males and females was 39,23 

(1,05) and 39,17 (1,05) weeks respectively. This small 

difference (t = 1,26; p 0,01) was probably due to the 

Dubowitz method of assessing gestational age tending to 

underscore females (Ounsted et al 1978). 

During the study period it was the policy of the Peninsula 

Maternity Service to deliver all primigravid women in hospital 

and approximately 75% of these women were cared for at the 2 

study hospitals. Multigravid women and their infants were 

excluded from the study sample to avoid the confounding effect 

of parity on infant size (Billewicz and Thomson 1973) and 

placental size (McKeown and Record 1953). 

their first liveborn infant at term 

Women delivering 

after 1 or more 

miscarriages were regarded as 'virtual primigravidas' and 

included in the study sample as a previous miscarriage does not 

enhance the size of the subsequent infant (McKeown and Record 

1953). The final 395 study mothers had a mean (SD) age of 20,6 

(4,0) years; 9% were 16 years old or less while 21,3% were 

under 18 years. Only 6% smoked more than 10 cigarettes per 

day. 

Of the 992 study placentas, 9 were severely damaged at delivery 

and as a result the area of the chorionic plate was measured in 

only 983 placentas. 
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CHAPTER IV 

METHODS 
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4.1. STUDY EXECUTION 

Initially the study was planned to simply construct local 

standards for infant size at birth and to this end all 

singleton infants liveborn to primigravid Coloured mothers at 

Groote Schuur Hospital between Sunday and Thursday each week 

from February to October 1975 were considered for entry into 

the study sample. The infants were examined on the day after 

delivery when their gestational age was clinically assessed. 

Infants meeting all the inclusion criteria were enrolled into 

the study and their size was measured. 

During October 1975, while the author was on vacation, no data 

was collected. Between November 1975 and April 1976 the number 

of infants studied was increased with the help of an extra 

assistant, and infants from both Groote Schuur Hospital and 

Peninsula Maternity Hospital were included. Between September 

1975 and April 1976 measurements of the study infants' 

placentas were also made in order to construct local standards 

of placental size at birth. From January 1976 the study was 

again expanded when the size of the infants' mothers was also 

recorded. 

4.2. OBSERVERS 

The data on the study mothers, infants and placentas were 

collected by the author and 2 clinical assistants, Mrs Bahia 

Martin and Mrs Zivia Vogelman, who were stationed at Groote 

Schuur Hospital and Peninsula Maternity Hospital respectively. 

They are both registered nurses and qualified midwives. Mrs 

Martin examined approximately half the mothers, infants and 

placentas while Mrs Vogelman examined approximately a quarter. 

The remainder were examined by the author who also supervised 

the clinical assistants daily. Mrs Martin assisted throughout 

the study period while Mrs Vogelman assisted from November 1975 

to April 1976. 

Before participating in the study the 2 clinical assistants 

were taught the techniques required and were only allowed to 
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start recording data when they were considered competent. 

Their data were reviewed daily and their measurements were 

repeated frequently by the author to ensure accurate 

recordings. 

METHOD OF MEASUREMENT 

Maternal Measurements 

4. 3. 1. 1. Age 

Maternal age was recorded to the nearest year. 

4. 3.1. 2. Height 

Standing height was measured, without shoes, to the nearest cm 

as described by Jelliffe (1966). With heels on the floor each 

woman was asked to stand 'as tall as possible' and a movable 

horizontal frame was lowered until it just touched the top of 

her head. The crown-heel distance was then read off a metal 

rule attached to the wall. The height of most women was 

recorded under supervision by the nursing staff at the 

antenatal booking clinic. Unbooked or referred women were 

measured on the day after delivery. The height measurement of 

many women was repeated after delivery to check the accuracy of 

the antenatal reading. 

4.3.1.3. Weight at Delivery 

Women were weighed on admission to the delivery suite by the 

nursing staff. If this was not possible, the weight recorded 

at the last antenatal clinic visit, usually within 2 weeks of 

delivery, was used. Weight at delivery was recorded to the 

nearest 100 g on an accurate beam balance, while spring scales 

were used in the antenatal clinics. Spring scales were 

accurate to within 500 g. The women were weighed without shoes 

and wearing only a hospital gown. 
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Correctly a measurement made on a spring scale should be 

referred to as 'weight' while that recorded on a beam balance 

should be called 'mass'. Throughout this study the term 

'weight' was chosen in preference to 'mass' as the former is 

still used almost exclusively in current clinical practice. 

4.3.1.4. Postdelivery Weight 

Mothers were weighed on a beam balance as described above on 

the day after delivery. Occasionally when a mother was ill, 

weight could only be measured a few days after delivery. 

4.3.1.5. Quetelet Index 

4.3.2. 

The Quetelet Index of weight in kg/height in m2 was calculated 

from each mother's postdelivery weight and standing height. 

Infant Measurements 

4.3.2.1. Gestational Age 

Many of the study mothers were unsure of, or did not know, the 

date of their last menstrual period. Furthermore, many mothers 

booked for antenatal care after the first trimester, and as a 

result did not have an accurate obstetric estimate of the 

duration of pregnancy. During the study period routine 

ultrasound examinations to assess the gestational age were not 

available. The gestational age of the study infants was 

therefore assessed on the day after delivery by the Dubowitz 

method (Dubowitz et al 1970). This is a scoring system based 

on 11 external criteria suggested by Farr et al (1966) and 10 

neurological criteria partially adapted from Anliel-Tison 

(1968). The method has proved reliable in the study community 

among selected women, certain of their menstrual dates, giving 
+ 

a 95% confidence interval of - 1, 7 weeks (Jaroszewicz and 

Boyd 1973). However, Woods and Malan (1977) in a study of 

twins, and later Ounsted et al (1978) who studied singleton 

infants, found that growth retaded infants tended to underscore 

with the Dubowitz method. While these findings have been 
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contradicted (Dubowitz and Dubowitz 1977) it is possible that 

some of the more growth retarded infants in this study may have 

been underscored. This error would tend to mask the extent of 

the fetal growth retardation in these infants. In contrast it 

appears that overweight infants score accurately with the 

Dubowitz method (Ounsted et al 1978). 

Gestational age is measured from the first day of the woman's 

last normal menstrual period giving a mean value of 280 days 

(40 weeks) in humans (Guerrero and Florez 1969). As most women 

ovulate approximately 14 days after the start of the menstrual 

cycle, the term 'gestational age' is strictly incorrect as it 

represents the 'menstrual age' rather than the true fetal age. 

To comply with convention however 'gestational age' will be 

used in this study and refers to the number of days between the 

onset of menstruation and the infant's birth. 

4.3.2.2. Birth Weight 

Infants were weighed naked immediately after birth. A spring 

scale, which was standardised daily against a known weight, was 

used and read to the nearest 10 g. 

4.3.2.3. Crown-heel Length 

Crown-heel length was measured to the nearest mm on a locally 

designed and constructed measuring box based on the description 

published by Miller and Hassanien (1971). The infants were 

laid supine with fully extended knees, and ankles dorsiflexed 

to 90°; the examiner's right hand then held the infant's head 

against the head board while the left hand grasped the feet and 

gently 'stretched' the infant. Keeping the feet stationary by 

holding them against the base of the box, the examiner then 

released the head and brought the footboard up against the 

infant's soles. The distance from the headboard to the 

footboard was read against a metal niler attached to the side 

of the box. Most infants were measured on the day after 

delivery but ill infants were only measured some days after 

delivery. 
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4.3.2.4. Head Circumference 

The largest occipito-frontal head circumference was measured to 

the nearest mm using a plastic tape which was checked daily 

against the metal ruler attached to the measuring box. By the 

day after delivery, when the head circumference was measured, 

most of the caput and moulding had resolved. 

4.3.2.5. Ponderal Index 

4.3.3. 

The Ponder al index of weight in g x 100 / length in cm3 was 

calculated from the infant's birth weight and crown-heel 

length. 

Placental Measurements 

4.3.3.l. Trimmed Placental Weight 

After delivery of the infant the umbilical cord was unclamped 

and allowed to bleed freely in order to facilitate separation 

of the placenta. Once the placenta had been delivered, it was 

placed in a plastic packet, labelled and stored overnight at 

4 °C. During storage most of the maternal blood drained from 

the intervillous space. On the day after delivery the placenta 

was washed free of adherent blood clots. The peripheral 

membranes were trimmed off at the placental margin and the 

umbilical cord was cut flush with the chorionic plate. The 

placenta was then dried with a paper towel and weighed to the 

nearest 10 g on a spring scale. The scale was standardised 

daily with a known weight. 

4.3.3.2. Chorionic Plate Area 

After being trimmed and weighed, the placenta was placed on a 

firm surface with the fetal side uppermost. The area of the 

chorionic plate was then measured in cm2 using a point counting 

method (Aherne and Dunnill 1966): a transparent sheet of 

perspex, with white dots arranged at regular intervals of l cm 

from each other, was placed over the chorionic plate and the 
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number of dots overlying the plate were counted. Each dot had 

been painted at the apex of the imaginary equilateral triangle 

and therefore represented a known area. By multiplying the 

number of dots counted by the known area of the imaginary 

triangle, the total surface area of the chorionic plate in 

square centimetres could be rapidly and accurately calculated. 

In 9 instances the chorionic plate area could not be measured 

due to the placenta being severely damaged at delivery. 

4.3.3.3. Placental Thickness 

4.4. 

4.4.1. 

4.4.2. 

The average placental thickness was calculated by dividing the 

placental weight by the area of the chorionic plate. For 

convenience thickness was expressed in cm. Ideally the 

placental thickness should be determined by dividing the volume 

of the placenta by the chorionic area. As the placental 

density is approximately l (Younoszai and Haworth 1969) 

however, either weight or volume can be used. The former was 

chosen as it was easier. 

METHODS OF DATA RECORDING AND ANALYSIS 

Date Recording 

The hospital number, sex, gestational age, weight, length and 

head circumference of each study infant was entered onto an 

information sheet. In addition, when maternal or placental 

data were also collected, the age, smoking habits, height, 

delivery and postdelivery weight of each mother was recorded as 

was the placental weight and chorionic plate area. These data 

were later transferred to data sheets, punched onto cards and 

finally transferred onto magnetic tape. The data were then 

reviewed and checked for transcription errors. 

Data Analysis 

The coded data were punched and analysed at the Institute of 

Biostatistics, South African Medical Research Council, 

Parowvalley. 
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Except for some of the data that were hand sorted, the analyses 

were performed using the Biomedical data (BMD) processing 

package from the Department of Biomathematics, University of 

California, Los Angeles. 

To describe the distribution of maternal, infant and placental 

size measurements, the BMD P2D detailed data programme was used 

giving the mean, mode, median, standard deviation and range 

together with the coefficient of skewness, distribution plot 

and cumulative frequencies. When the distribution showed 

marked positive skewing, as with delivery weight, postdelivery 

weight and Quetelet index, log transformations were used. 

Percentiles were calculated from ranked data and the 

percentiles of infant and placental size were expressed in 

completed weeks for males and females separately. In the text 

standard deviation is written as (SD) and the coefficient of 

skewness as (Sk). 

Mean values were compared using the nonpaired Student's t test 

while simple linear regression, by the least square method, was 

used to correlate size measurements. The correlation 

coefficients were determined from bivariate scatter plots using 

the BMD P6D programme. Throughout the study probability levels 

of 1%·and 0,1% were used to define statistical significance. 

In Chapter V the study mothers were categorised by subdividing 

them into groups using the 10th and 90th percentiles of height, 

postdelivery weight and Quetelet index. Mothers with a height, 

weight or Quetelet index on or below the 10th percentile were 

regarded a short, light and thin respectively while mothers on 

or above the 90th percentile were regarded as tall, heavy and 

fat. Measurements falling between the 10th and 90th 

percentiles were considered 'normal'. Similarly in Chapter VI 

the study infants were subdivided into size categories using 

the 10th and 90th percentiles of weight, length, head 

circumference and ponderal index for age and sex. Infants on 

or below the 10th percentile were called light, short, small 

headed and thin while those on or above the 90th percentile 

were called heavy, long, large headed and fat. As with their 
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mothers, all measurements between the 10th and 90th percentiles 

were considered 'normal'. To simplify the text, the sizes of 

the study infants were not written as a function of their 

gestational age, e.g. infants with a birth weight below the 

10th percentile were referred to simply as 'light' and not 

'light for gestational age'. 

In Chapter VIII the BMD P2P stepwise regression programme was 

used to determine the effect of infant size on placental size 

using a subset of the data. After gestational age had been 

entered as the first variable, the partial correlation 

coefficients between infant and placental size measurements 

were determined. Later in Chapter VIII the same method was 

used to investigate the relationship between infant size and 

the placentofetal size ratios using the same data subset. The 

effect of maternal size on infant size in Chapter IX, and the 

effect of maternal size on placental size in Chapter X were 

also calculated using the BMD P2P stepwise regression programme 

with gestational age being entered as the first variable. 

In order to futher investigate the relationship beteen maternal 

and infant size in Chapter IX, the study mothers were divided 

into roughly equal numbers by height and postdelivery weight 

using the 33rd and 66th percentiles as cutoff points. After 

sex and gestational age had been entered as covariates, the 

mean birth weight, length, head circumference and pooderal 

index were then calculated for the infants born to the mothers 

in each height and weight category using the BMD P2V programme 

for analysis of variance and covariance with repeated 

measurements. Similarly the influence of maternal height and 

postdelivery weight on placental weight was also determined in 

Chapter X. 

In Chapter XI the partial correlation coefficients between 

maternal postdelivery weight, infant weight and placental 

weight w2re calculated using the BMD P2R stepwise regression 

programme after gestational age had first been entered into the 

regression. 
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CHAPTER V 

MATERNAL SIZE 
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5.1. INTRODUCTION 

The size of pregnant women who deliver at term varies both 

between individuals and between communities reflecting an 

interaction of genetic and environmental factors. Various 

measurements can be used to determine maternal size but height 

and weight are usually chosen. While the former results from a 

woman's genetic height potential and childhood nutrition, the 

latter represents the combined weight of the woman herself 

together with that of her fetus, placenta and amniotic fluid. 

Maternal postdelivery weight and a ratio of postdelivery weight 

to height however are measures of a woman's nett weight and may 

therefore better reflect her nutritional status at the end of 

pregnancy. The documentation of maternal height and weight are 

not only important in the assessment of a woman's past and 

present nutrition, but are also major determinants of perinatal 

mortality rates (Knutzen and Davey 1977) with infants born to 

short and light women being at the greatest risk. 

The size of a pregnant woman can only be interpreted if she is 

compared to her peers in that community; similarly the average 

size of pregnant women in a community needs to be compared to 

that of other communities. Women in relatively affluent 

communities, characterised by a high standard of living, an 

adequate diet, good housing and hygiene and a high level of 

income and education, are usually tall (Lechtig et al 1975). 

In addition they have a good pregnancy weight gain of approxi

mately 12,5 kg (Thomson and Billewicz 1957) resulting in a 

heavy mother both at delivery (Lechtig et al 1975) and 

immediately thereafter (Lechtig et al 1975a). Examples of such 

communities are usually found in industrialised, developed 

nations and well known surveys of such communities include the 

British Perinatal Mortality Survey of 1970 (Chamberlain et al 

1975) and the Collaborative Perinatal Study in the U.S.A. 

conducted between 1959 and 1965 (Niswander and Gordon 1972). 

These reports are often used as standards against which the 

size of pregnant women in other countries can be compared. 
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Parity is associated with an increase in both maternal and 

infant weight (Billewicz and Thomson 197 3) and the present 

study sample of primigravid women should ideally be compared 

therefore to a standard based on well nourished women de

livering their first child. This need is well met by the 

famous study of primigravid women conducted in Aberdeen, 

Scotland, between 1950 and 1953 (Thomson 1959; Thomson 1959a). 

The size of pregnant women from disadvantaged communities in 

undeveloped or developing countries has been incompletely 

documented but studies of poor women in Lima, Peru (Frisancho 

et al 1977) and women in urban and rural communities in 

Guatemala (Lechtig et al 1975) provide a convenient standard 

for women who have received an inadequate diet during both 

childhood and pregnancy. 

The size of pregnant women in the study population has been 

previously documented by Knutzen and Davey (1977) who found 

that they were frequently short and light at the time of 

booking for antenatal care. These results contrast with 

primigravid White women in Cape Town (Woods et al 1978) whose 

size is similar to that of the Aberdeen standard. A better 

understanding of the size of the study mothers can be obtained 

by comparing them with mothers from both affluent and poor 

communities. Their relative size may also suggest the adequacy 

of their diet before and during pregnancy. 

5.2. MATERNAL HEIGHT 

Adult standing height is determined by an interaction between 

genetic and environmental factors and varies widely between 

different communities. The height of women in Africa for 

example ranges from Congo Pygmies of less than 140 cm to Chad 

Negroes of well over 160 cm (Eveleth and Tanner 1976). In 

affluent communities genetic factors appear to be the major 

determinants of adult height with children growing to the 

height of their parents (Susanne 1975). The genetic influence 

of height is also revealed by the similar stature of monozygous 
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twins reared together or separately (Shields 1962) and by the 

observation that the adult height of monozygous twins is 

closer than that of dizygous, likesexed twins (Wilson 1976). 

In less privileged communities with a poorer diet, environ

mental factors assume a more important role with undernutrition 

in early childhood resulting in reduced adult stature (Dahlmann 

and Petersen 1977). This is illustrated by the high incidence 

of short women in lower socioeconomic classes (Thomson 1959; 

Lechtig et al 1975), by the secular trend towards taller adults 

noted in many countries as the standard of living improves 

(Meredith 1976), and by the increase in height among migrants 

from a poor to an affluent society (Greulich 1958). Environ

mental factors before delivery may also influence stature as 

followup studies reveal that permanent stunting is commoner in 

the smaller of monozygous twins (Babson et al 1964). 

Studies from many countries have documented the height of 

pregnant women and these results can be divided roughly into 

two categories, namely those from affluent, industrialised 

societies and those from the underdeveloped urban and rural 

communities of nonindustrialised countries. A number of 

surveys have been conducted in the former where most women have 

a height of 155 to 165 cm (Scott and Usher 1966; Nicholls and 

Nye 1980; Winikoff and Debrovner 1981). The comprehensive 

second Perinatal Mortality Study in the United Kingdom 

(Chamberlain et al 1975) and the Collaborative Perinatal Study 

of the USA (Niswander and Gordon 1972) reported mean maternal 

heights of 157 and 158 cm respectively while the Aberdeen study 

of primigravid women found a mean height of 158,9 cm (Thomson 

1959a). 

The documentation of maternal height in developing communities 

has unfortunately been inadequate but the few reports suggest a 

range of mean heights from 149 to 152 cm which is well below 

that found in affluent societies. For example, Lechtig et al 

(1976) reported a mean maternal height of 149 cm in poor 

villages in Guatemala and 150 cm in a poor community in 

Guatemala City (Lechtig et al 1975a) while Frisancho et al 



5.2.1. 

24 

(1977) found the mean height of mothers in a poor, urban 

community in Peru to be 152 cm, and Urrusti et al (1972) 

reported a mean height of 152 cm in Mexican mothers. In 

affluent communities of poor countries mean maternal height may 

reach almost 160 cm however (Lechtig et al 1975) stressing the 

important role of social and economic factors in determing 

adult height. 

In a large survey of maternal size in Cape Town, Knutzen and 

Davey (1977) reported a significantly greater number of short 

Coloured than White or Black mothers while Woods et al (1978) 

found the mean height of White primiparous mothers in Cape Town 

to be 162 cm. 

Careful documentation of the stature of the study mothers would 

allow them to be compared with that of women from both affluent 

and less privileged communities and thereby give some insight 

into their pattern of growth during childhood. 

Results 

The distribution of height was negatively skewed (Sk - 0,56) 

with a mode of 155 cm and a range of 130 to 182 cm. The mean 

(SD) was 154,2 (7,4) cm and the median 155 cm. While 3,1%, 

11,4% and 21,8% of the mothers were shorter than 140, 145 and 

150 cm respectively, only 5, 3% were 165 cm or taller (Table 

5. 2 .1.). The 10th percentile for height was 142 cm and the 

90th percentile was 162 cm (Table 5.2.2.). 

Height correlated positively with delivery weight (r = 0,43; p 

< 0,001) and postdelivery weight (r = 0,37; p < 0,001) but 

negatively with Quetelet index (r = -0,17; p <0,01). Height 

and maternal age did not correlate significantly (r = 0,11; p 

>·0,01). 
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TABLE 5.2.1. DISTRIBUTION OF HEIGHT (cm) 

HEIGHT NUMBER PERCENTAGE CUMULATIVE PERCENTAGE 

<: 135 3 0,8 0,8 

135 - 139 9 2,3 3,1 

140 - 144 33 8,3 11,4 

145 - 149 41 10,4 21 ,8 

150 - 154 82 20,8 42,6 

155 - 159 125 31,6 74,2 

160 - 164 81 20,5 94,7 

165 - 169 18 4,5 99,2 

170 + 3 0,8 100 

TABLE 5.2.2. PERCENTILES OF HEIGHT (cm) 

PERCENTILE HEIGHT 

3 138 

10 142 

25 150 

50 155 

75 159 

90 162 

97 165 
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Discussion 

The height distribution of the study mothers is similar to that 

described for Coloured mothers by Knutzen and Davey (1977) with 

almost a quarter being shorter than 150 cm. This contrasts 

with the 10% of Cape Town White primiparas less than 149 cm 

(Knutzen and Davey 1977) and the 11, 2% of Aberdeen primi

gravidas shorter than 152,5 cm (Thomson et al 1968). The mean 

height of the study mothers at 154,2 cm is well below that of 

157 and 158 cm reported in the United Kingdom (Chamberlain et 

al 1975) and U.S.A. (Niswander and Gordon 1972) respectively, 

but higher than the mean height of 149 to 152 cm found in 

studies of poor mothers (Lechtig et al 1975a; Lechtig et al 

1976; Frisancho et al 1977). 

The height of the study mothers therefore falls midway between 

that described for affluent and poor societies indicating 

moderately reduced height growth during childhood. This 

finding could be explained by genetic or environmental factors 

or both. Shortness in Coloured women is often attributed to 

their ancestry as roughly a third of their gene pool is derived 

from the indigenous inhabitants of the western Cape who are 

traditionally viewed as being of short stature. When the 

European and South East Asian settlers arrived in the Cape they 

were met by people who were divided into two separate economic 

units, namely pastoralists with herds of cattle and sheep, and 

hunter gatherers who lived off the land. The pastoralists 

traded livestock with the settlers and were not noted in Van 

Riebeeck's diary to be of short stature (Goodwin 1952), while 

their present day survivors, the Nama, are not short people 

(Wells 1960). In contrast, the hunter gatherers, who tended to 

remain aloof in the mountainous areas, were small people as 

they dramatically illustrated with their hand prints painted on 

many cave walls in the South Western Cape (Willcox 1959). 

Their surviving remnants, in the Kalahari Bushmen, are very 

short but they have recently demonstrated a secular trend 

towards taller stature when adopting a more westernised 

lifestyle (Tobias 1962), suggesting that even their shortness 

may be partly environmental. In a society with an irregular 
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food supply it is possible that short stature is an advantage 

in times of nutritional stress and may therefore be regarded as 

an adaptive phenomenon. 

European settlers were not recorded as being of short stature, 

and their height potential is partially reflected in the tall 

White mothers today (Woods et al 1978). The height of the 

Asian immigrants was unfortunately not well documented. 

The importance of genetic factors in determining the stature of 

Coloured mothers is therefore uncertain but probably does not 

adequately account for their shortness which calls for an 

alternative explanation. 

Undernutrition is a recognised cause of stunting during child

hood (Tanner 1962) and has also been suggested as a cause of 

shortness in adults (Macy et al 1951; Lechtig et al 1975a; 

Dahlmann and Petersen 1977). It has further been proposed that 

even retarded intrauterine growth may be a determinant of 

reduced adult height as infants born with a decreased length 

tend to remain short postnatally (Garn and Shaw 1977; Holmes et 

al 1977). The smaller of monozygous twins usually remains 

stunted (Babson et al 1964). In addition the close association 

of short adults and poor socioeconomic circumstances is 

probably partially mediated via an inadequate diet. 

A widely representative study of the dietary intake of Coloured 

children in Cape Town has not been conducted but protein energy 

undernutrition is not uncommon (Wittmann et al 1967), and many 

of the study mothers came from poor homes (Molteno et al 1980). 

Many Coloured school children are also underweight and stunted 

when plotted on international growth standards (Power 1982). 

It is therefore postulated that an inadequate diet during 

infancy, childhood and perhaps even before birth is the pro

bable cause of the high incidence of short stature in Coloured 

women in Cape Town today. 

This conclusion is in keeping with current teaching in physical 

anthropology that a difference in genetic height potential 
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between populations does exist, as with other biological 

variables, but that this difference is relatively small with 

most of the variation being explained by environmental factors 

(Tobias 1978). It is therefore predicted that an improvement 

in the daily diet of the study population would cause a secular 

increase in adult height. 

Among the study mothers, height correlated with delivery weight 

and postdelivery weight supporting previous reports that taller 

people are also heavier (Kemsley et al 1962). The neg_ative 

correlation between height and Quetelet index is of interest as 

it supports a study in non pregnant women (Florey 1970) and 

contrasts with the lack of significant correlation found in men 

(Khosla and Lowe 1967; Florey 1970). 

The finding that height and age did not correlate significantly 

suggests that even the youngest mothers had already reached 

their full adult height, or that the growth rate of young 

mothers, who had not yet reached their full adult height, 

exceeded that of their older peers. 

5.3. DELIVERY WEIGHT 

While maternal prepregnant weight and pregnancy weight gain are 

widely recognised as determinants of birth weight (Eastman and 

Jackson 1968; Ademowore et al 1972), their sum i.e. maternal 

delivery weight, has been only sparsely reported in the litera

ture. Delivery weight, like maternal weight gain during 

pregnancy, reflects not only nett maternal weight but also the 

weight of the fetus, placenta and amniotic fluid, and must 

therefore be regarded as a measure of both maternal and fetal 

size; obese mothers or mothers carrying a large fetus will 

have an increased delivery weight. 

Delivery weight is useful in the present study, as it provides 

a means of comparing the size of study mothers with that of 

mothers delivering at term in both affluent and poor 

communities. Extrapolating from mean prepregnancy weight and 

pregnancy weight gain (Niswander and Gordon 1972) it can be 
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estimated that the average delivery weight of mothers in the 

U.S.A. Perinatal Mortality Study was 69 kg. Similarly the 

estimated mean delivery weight for primigravidas in Aberdeen, 

Scotland was 70,9 kg (Thomson and Billewicz 1957; Thomson 

1959a). Furthermore the mean delivery weights of mothers 

reported from New York (Winikoff and Debrovner 1981), Aukland, 

New Zealand (Nicholls and Nye 1980) and Oxford (Ounsted and 

Ounsted 1973) were 68.4 kg, 81,0 kg and 71,3 kg respectively. 

Primiparous White mothers in Cape Town were found to weigh 72,9 

kg at term (Woods et al 1978). 

In contrast to these mothers from relatively affluent homes, 

Frisancho et al (1977) reported that the mean delivery weight 

of mothers in a poor community in Lima, Peru, was only 62,7 kg. 

Results 

The distribution of delivery weight was positively skewed (Sk = 

0,75) with a mode of 59 kg and a range of 40 to 100,5 kg (Table 

5.3.1.). The 10th percentile was 53,0 kg and the 90th 

percentile 76,7 kg (Table 5.3.2.). 

TABLE 5. 3.1. DISTRIBUTION OF DELIVERY WEIGHT (kg) 

DELIVERY WEIGHT 

<. 45 

45 - 49,9 

50 - 54.9 

55 - 59,9 

60 - 64,9 

65 - 69,9 

70 - 74,9 

75 - 79,9 

80 - 84,7 

85 - 89,9 

90 + 

NUMBER 

1 

13 

45 

77 

87 

78 

43 

27 

11 

7 

6 

PERCENTAGE 

0,2 

3,3 

11,4 

19,5 

22,0 

19,8 

10,9 

6,8 

2,8 

1, 8 

1,5 

CUMULATIVE 

PERCENTAGE 

0,2 

3,5 

14,9 

34,4 

56,4 

76,2 

87,1 

93,9 

96, 7 

98,5 

100 



30 

TABLE 5.3.2. PERCENTILES OF DELIVERY WEIGHT (kg) 

5.3.2. 

PERCENTILE DELIVERY WEIGHT 

3 48,5 

10 53,0 

25 58,0 

50 63,2 

75 69,5 

90 76,7 

97 86,2 

The mean (SD) delivery weight was 64,4 (9,7) kg and the median 

63,2 kg, with 3,5%, 14,9% and 34,4% of mothers weighing less 

than 50 kg, 55 kg and 60 kg respectively. Only 6,1% weighed 80 

kg or more and 1,5% weighed 90 kg or more(Table 5.3.2.). 

Delivery weight correlated positively with postdelivery weight 

(r = 0,97; p < 0,001). 

Discussion 

The mean delivery weight of the study mothers was approximately 

6 kg less than that of mothers in relatively affluent commu

nities and 9, 5 kg less than the estimated delivery weight of 

primigravid women at term in Aberdeen. In addition the study 

mothers weighed 8, 5 kg less than White primigravidas in Cape 

Town. Although the mean delivery weight of women in poor 

communities is not well documented, it appears to be even lower 

than that of the study mothers. The mean delivery weight of 

the study mothers therefore fell well below that of 

industrialised societies but is probably higher than that of 

underdeveloped communities. The clinical importance of this 

finding is uncertain however as delivery weight also included 

the weight of the products of conception. A far more valuable 
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measurement of a mother's size at delivery would be her nett 

weight which excludes the weight of the fetus, placenta and 

amniotic fluid. 

5.4. POSTDELIVERY WEIGHT 

Nett maternal weight at delivery can be estimated by measuring 

a mother's postdelivery weight, or by subtracting the infant 

and placental weight from her gross delivery weight. The 

results of these 2 methods should be similar as the farmer 

disregards the weight of blood lost during delivery while the 

latter does not take into consideration the weight of the 

amniotic fluid. 

Postdelivery weight is also the sum of the preconception weight 

and the nett maternal gain during pregnancy. Therefore, a 

mother with a low postdelivery weight must have been under

weight before pregnancy and/or had a poor weight gain. Whether 

a high postdelivery weight is due to a high preconception 

weight and/or a large pregnancy weight gain can only be 

determined if the mothers preconception weight is known. 

In a study of women who delivered well grown infants at term in 

Oxford, Scott et al (1981) substracted the infant and placental 

weights from the maternal delivery weight and found a mean nett 

maternal weight of 67,5 kg. By extrapolation from the early 

pregnancy weight (Thomson 1959a), pregnancy weight gain 

(Thomson and Billewicz 1957) and infant and placental weights 

at term (Thomson et al 1969), the estimated nett maternal 

weight of Aberdeen primigravidas is 66,9 kg. These results are 

very similar to the postdelivery weight of 66 kg reported in a 

study of primigravid White women in Cape Town (Woods et al 

1978). It appears therefore that the expected postdelivery 

weight of mothers from well nourished societies is 

approximately 67 kg. 

Unfortunately the postdelivery weight of mothers in less 

affluent communities remains largely unreported although 

Lechtig et al (1975a) found the mean postdelivery weight of 



5. 4.1. 

32 

poor mothers in Guatemala City to be 52 kg. As the delivery 

weights (Frisancho et al 1977) and infant weights (Ghosh et al 

1971) are usually low in poor communities, it may be assumed 

that the postdelivery weights will also be reduced. 

Results 

The distribution of postdelivery weight was positively skewed 

(Sk = 0,98) with a mode of 57,6 kg. The range was 42 to 97,2 

kg with a mean (SD) of 59,3 (9,5 kg) and a median of 57,5 kg 

(Table 5.4.1). The 10th and 90th percentiles of postdelivery 

weight were 48,9 and 72 kg respectively (Table 5.4.2). 

TABLE 5.4.1. DISTRIBUTION OF POSTDELIVERY WEIGHT (kg) 

CUMULATIVE 

POSTDELIVERY WEIGHT NUMBER PERCENTAGE PERCENTAGE 

45 20 5, 1 5,1 

45 - 49,9 56 14, 1 19,2 

50 - 54,9 94 23,8 43,0 

55 - 59,9 89 22,6 65,6 

60 - 64,9 70 17,7 83,3 

65 - 69,9 29 7,3 90,6 

70 - 74,9 16 4,1 94,7 

75 - 79,9 8 2 96, 7 

80 - 84,9 7 1,8 98,5 

85 + 6 1,5 100 

TABLE 5.4.2. PERCENTILES OF POSTDELIVERY WEIGHT (kg) 

PERCENTILE POSTDELIVERY WEIGHT 

3 44,5 

10 48,9 

25 52,6 

50 57,5 

75 64,4 

90 72 

97 82 
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Postdelivery weight correlated significantly with maternal 

height (r = 0,37; p .(0,001), delivery weight (r = 0,97; p 

< O,OOl)and Quetelet index (r = 0, 79; p <0,001). 

The difference between the mean delivery weight and the mean 

postdelivery weight was 5,1 kg. 

DISCUSSION 

The mean postdelivery weight of the study mothers fell about 8 

kg below that estimated for mothers in affluent communities but 

was higher than the mean weight of poor mothers in Guatemala 

City. As with height and delivery weight, the postdelivery 

weight of the study mothers therefore appears to lie below that 

reported for mothers from prosperous communities. 

In a study documenting multiple skinfold thickness measurements 

in Coloured mothers of low, intermediate and high postdelivery 

weight at term, Woods et al (1980a) showed that heavy mothers 

had significantly more subcutaneous fat than light mothers. 

This finding suggests that the low postdelivery weight of study 

mothers was associated with reduced subcutaneous fat stores at 

the end of pregnancy. Failure to accumulate the expected 

reserve of fat during pregnancy would most likely result from a 

diet insufficient in calories, as suggested by reports of 

reduced pregnancy weight gain in poor women (Moodie et al 1970) 

and women with a low calorie intake (Thomson 1959; Smith 1962). 

Furthermore, dietary supplementation during pregnancy increases 

weight gain (Viegas et al 1982) and therefore weight at 

delivery. However, it is possible that postdelivery weight may 

also be influenced by genetic factors, the amount of physical 

activity the mother undertakes, and the economy of energy 

utilisation during pregnancy. The relative importance of these 

variables is poorly understood at present. 

The positive correlation between height and postdelivery weight 

in the study mothers at term indicates that tall mothers tended 

to be heavier than short mothers, as had been reported in non 

pregnant women (Florey 1970) and in women in early pregnancy 
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{Habicht et al 1973). In addition the close correlation 

between delivery weight and postdelivery weight suggests that 

the former may still be a reliable index of nett maternal 

weight at the end of pregnancy. The finding that postdelivery 

weight and Quetelet index correlated positively has also been 

reported in nonpregnant women (Florey 1970) and indicates that 

heavy mothers tend to be stouter than light mothers. 

QUETELET INDEX (weight/height 2
) 

The assessment of obesity is difficult when examining large 

numbers of pregnant women. Total iilllllersion in water to 

determine body fat is impractical, while the measurement of 

triceps skinfold thickness alone is an innacurate estimate of 

subcutaneous fat stores due to the peculiar distribution of 

body fat during pregnancy (Taggart et al 1967). Weight also 

has its limitations in assessing obesity as weight increases 

with stature (Kemsley et al 1962), irrespective of whether 

there is an accompanying increase in total body fat. 

An index combining both weight and height is attractive 

therefore in determining relative obesity and the 3 indices 

most often used are weight/length, weight/length2 and 

weight/length3 • In adults the former usually correlates 

positively while the latter negatively with height (Khosla and 

Lowe 1967; Florey 1970; Goldbourt and Medalie 1974). In 

contrast the ratio of weight/height 2 correlates with weight 

(Khosla and Lowe 1967; Florey 1970; Keys et al 1972) and 

skinfold thickness (Florey 1970; Keys et al 1972) while being 

largely independent of height (Billewicz et al 1962; Khosla and 

Lowe 1967; Keys et al 1972; Goldbourt and Medalie 1974). In a 

subset of adult women however Florey (1970) found a negative 

correlation (r = -0,20) between weight/height 2 and height. 

The weight/height 2 ratio also correlates closely with "relative 

adiposity" as estimated from body density measurements 

(Billewicz et al 1962; Keys et al 1972) and is generally 

accepted as the best weight to height ratio to assess 'over-
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weight' or 'underweight' in adults. Someone with a low ratio 

would therefore be described as 'thin' , 'slim' , 'slender' or 

'lean' while another with a high ratio would be regarded as 

'stout, 'stocky' or 'fat'. Although the weight/height 2 is a 

very useful and easy method of objectively determining body 

proportions, it remains a crude index of obesity as it is 

unable to differentiate between a fat individual and another 

with oedema or a particularly muscular physique. 

Baron Lambert Adolphe Jacques Quetelet of Brussels, a mathe

matician, astronomer and statistician of renown, was the first 

person to describe the weight/height 2 ratio which now bears his 

name. Regarded as the founder of the science of anthropometry, 

Quetelet noted in 1835 that 'the weight of developed persons, 

of different height, is nearly as the square of the stature'. 

Weight/standard weight for height has also been used to assess 

obesity in adults and has the advantage of not requiring 

calculation (Kemsley et al 1962). It has not been used in late 

pregnancy however when it would require an appropriate stan

dard. 

During pregnancy the ratios of weight/height (Thomson et al 

1968; Lechtig et al 1975a; Woods et al 1978; Keeping et al 

1979) and weight/height 3 (Titlbachova and Dolezal 1977), but 

not the Quetelet index of weight /height 2 , have been used as 

measurements of obesity. In view of the preference of the 

Quetelet index to assess obesity in nonpregnant adults, it was 

decided to use this weight to height ratio in the present 

study. Postdelivery weight rather than delivery weight was 

chosen as the numerator. As the Quetelet index based on 

maternal height and postdelivery weight has not previously been 

reported, the expected distribution of results was unknown. A 

recalculation of the maternal height and postdelivery weight 

data from a study of 100 White, primiparous mothers, from 

relatively affluent homes in Cape Town (Woods et al 1978) was 

therefore undertaken and gave a mean (SD) Quetelet index of 

25,1 (3,9) with a range of 19,0 to 39,5. 
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Data from the classic Aberdeen study of primigravid women may 

also be used to determine the approximate Quetelet index 

immediately after delivery. Mean height was 158,9 cm (Thomson 

1959a) and mean delivery weight at term, calculated from early 

pregnancy weight (Thomson 1959a) and pregnancy weight gain 

(Thomson and Billewicz 1957), was approximately 70,9 kg. 

Subtracting the mean infant weight of 3354 g and the mean 

placental weight of 648,5 g at 40 weeks (Thomson et al 1969) 

and assuming an amniotic fluid weight of 745 g (Elliott and 

Inmam 1961) gives a postdelivery weight of 66,2 kg and a 

Quetelet index of 26, 2. The latter is very similar to the 

Quetelet index for White primiparas in Cape Town. No data is 

available to calculate the Quetelet Index of mothers from a 

poor community. 

Results 

The distribution of Quetelet index was positively skewed (Sk = 

0,90) with a mode of 22,5, a mean (SD) of 24,4 (1,2) and a 

median of 24,0. The range was 14,9 to 40,2 (Table 5.5.1.) 

The 10th and 90th percentile of Quetelet Index was 20,6 and 

29,1 respectively (Table 5.5.2.) 

TABLE 5.5.1. DISTRIBUTION OF QUETELET INDEX 

CUMULATIVE 

QUETELET INDEX NUMBER PERCENTAGE PERCENTAGE 

20 22 5,6 5,6 

20 - 21,9 62 15,7 21,3 

22 - 23,9 107 27 48,3 

24 - 25,9 79 20 68,3 

26 - 27,9 61 15,4 83,7 

28 - 29,9 31 7,9 91,6 

30 - 31,9 15 3,8 95,4 

32 - 33,9 10 2,5 97,9 

34 - 35,9 3 0,8 98,7 

36 - 37,9 3 0,8 99,5 

38 + 2 0,5 100 
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TABLE 5.5.2. PERCENTILES OF QUETELET INDEX 

5.5.2. 

PERCENTILE QUETELET INDEX 

3 19,2 

10 20,6 

25 22,2 

50 24,0 

75 26,7 

90 29,1 

97 33,2 

Quetelet index correlated positively with postdelivery weight 

(r = 0,79; p <0,001) and negatively (r = -0,17; p <0,01) with 

height. 

Discussion 

The mean Quetelet index of the study mothers was not signifi

cantly different from that of primiparous White mothers in Cape 

Town (t = 1,77; p ) 0,01) indicating that, despite being 

shorter and lighter, the study mothers had similar body pro

portions to their White peers. In addition their mean Quetelet 

index was only slightly lower than that of primiparous mothers 

in Aberdeen. Although the study mothers were both short and 

light they would not therefore have appeared thin at the end of 

pregnancy. 

Data from an investigation conducted within the Cape Town 

Coloured community (Woods et al 1980a) can be used to demon

strate that the postdelivery Quetelet index correlates signi

ficantly with subcutaneous fat deposits, determined by measure

ments of skinfold thickness at multiple sites (r = 0,88; p 

< 0,001). This finding suggests that the study mothers did not 
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have reduced subcutaneous fat stores for their height when 

compared to mothers in affluent societies. 

The present study showed a negative correlation between 

Quetelet index and height, similar to that reported for non

pregnant women (Florey 1970), indicating that the Quetelet 

index may not be the most suitable method of assessing body 

proportions in both pregnant and nonpregnant women, and that 

height to a power of slightly less than 2 may be preferable. 

5.6. CATEGORISATION OF MATERNAL SIZE 

5.6.1. 

In the present study maternal height and Quetelet Index was 

found to correlate positively with postdelivery weight 

suggesting that heavy mothers were usually tall and fat while 

light mothers were short and thin. However a small but 

significantly negative correlation was found between height and 

Quetelet index suggesting that tall women tended to be thin and 

short women stocky. A method to investigate this apparently 

contradictory situation would be to categorise the study 

mothers by height, postdelivery weight and Quetelet index using 

the 10th and 90th percentiles from the present study as cut off 

points. 

Results 

5.6.1.1. Height and postdelivery weight 

Categorisation by height and postdelivery weight (Table 5.6.1.) 

shows that short mothers were commonly light (27,7%) and that 

tall mothers tended to be heavy ( 17, 7%). Most short mothers 

were of normal weight however (72,2%) as were most tall mothers 

(77 ,8%). No short mothers were heavy and only a few (4,4%) 

tall mothers were light. While 27% of light mothers were 

short, most were of normal height (67,6%) and only 5,4% were 

tall. Most heavy mothers were of normal stature (80%) but 20% 

were tall. Only 2,5% of the total study sample were both short 

and light. The distribution of weight for normal height, and 
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height for normal weight, were approximately symmetrical. 

TABLE 5. 6. 1. 

LIGHT 

NORMAL 

HEAVY 

THE NUMBER OF MOTHERS IN EACH HEIGHT AND POST 

DELIVERY WEIGHT CATEGORY 

SHORT NORMAL TALL 

10 25 2 

26 257 35 

0 32 8 

36 314 45 

5.6.1.2. Height and Quetelet Index 

37 

318 

40 

395 

When the study mothers were categorised by height and Quetelet 

index (Table 5.6.2.) a weak trend was noted in favour of short, 

fat mothers and tall, thin mothers. Most short mothers had a 

normal index (77,8%) however, while 16,7% were fat and 5,6% 

were thin. Again most tall mothers had a normal index (66,7%), 

but 24, 4% were thin and 8, 9% were fat. The distribution of 

Quetelet index in mothers of normal height and vice versa was 

approximately normal as was the distribution of height in fat 

mothers. Most thin mothers were of normal height (66,7%) but 

5,1% were short and 28,2% were tall. 



TABLE 5.6.2. 

THIN 

NORMAL 

FAT 

40 

THE NUMBER OF MOTHERS IN EACH HEIGHT AND QUETELET 
INDEX CATEGORY 

SHORT NORMAL TALL 

2 26 11 39 

28 259 30 317 

6 29 4 39 

36 314 45 395 

5.5.1.3 Postdelivery Weight and Quetelet Index 

The categorisation by postdelivery weight and Quetelet index 
(Table 5. 6. 3.) showed that light mothers were either thin 
(54,1%) or had a normal index (45,9%) while heavy mothers were 
either fat (65%) or had a normal index (35%). No light mothers 
were fat and no heavy mothers were thin. The distribution of 
Quetelet index in mothers of normal weight and that of weight 
in mothers with a normal Quetelet index was approximately 
symmetrical. Thin mothers were either light (51, 3%) or of 
normal weight (48, 7%) but never heavy while fat mothers were 
either of normal weight (33, 3%) or heavy (66, 7%) but never 
light. 
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TABLE 5.6.3. THE NUMBER OF MOTHERS IN EACH POSTDELIVERY WEIGHT 

AND QUETELET INDEX CATEGORY 

5.6.3. 

LIGHT NORMAL HEAVY 

THIN 20 19 0 39 

NORMAL 17 286 14 317 

FAT 0 13 26 39 

37 318 40 395 

Discussion 

Study mothers categorised as having a 'normal' height and 

postdelivery weight were almost certainly shorter and lighter 

than most mothers in affluent communities as has been 

previously discussed. 

Most short mothers were of normal weight indicating that short 

stature and low weight do not necessarily always occur 

together. In addition short mothers usually had a normal or 

high Quetelet index. If height reflects the adequacy of 

childhood nutrition, and weight and Quetelet index are deter

mined by calorie intake during pregnancy, then these short 

mothers of normal weight and Quetelet index were probably well 

nourished during pregnancy following a poor diet during child

hood. The short mothers who were thin had probably experienced 

both past and present undernutrition and might therefore have 

benefitted from a high calorie diet during pregnancy, 

especially if they intended breast feeding their infants. Most 

of the short, light mothers must have had a normal Quetelet 

index suggesting a nutritional intake adequate for their size. 

It is of interest that none of the short mothers were fat 

enought to be heavy which partially explains the positive 

correlation between height and weight in the study mothers. 
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Tall mothers were usually heavy or of normal weight, as has 
been reported previously (Habicht et al 1973), suggesting that 
both childhood and pregnancy nutrition was adequate. However 
almost a quarter of the tall mothers were thin despite having a 
normal weight. This observation questions the validity of 
using the Quetelet index in isolation as a measure of 
nutritional status at the end of pregnancy. The tendency for 
tall mothers to be thin, and short mothers to be fat, supports 
the weak negative correlation found between height and Quetelet 
index. 

Almost half the light mothers had a normal Quetelet index while 
half the thin mothers had a normal postdelivery weight. It is 
suggested that many of the thin mothers had received a calorie 
deficient diet during pregnancy while the light mothers with a 
normal Quetelet index had received a diet adequate for their 
size. The light, thin mothers must have been at the greatest 
risk of malnutrition and urgently needed nutritional 
intervention. 

Most mothers with a high Quetelet index were also heavy 
suggesting that the Quetelet index was useful in detecting 
obese mothers. Heavy mothers were never short or thin and 
presumably had received an adequate diet during childhood and 
pregnancy. 

Categorisation of the study mothers by height, postdelivery 
weight and Quetelet Index provided a meaningful classification 
of maternal size. A dietary survey is needed however to 
confirm whether dietary patterns can be accurately predicted by 
measuring the size and shape of women at delivery. 

SUMMARY 

The mean height of the study mothers fell between that reported 
from affluent and poor communities. Their short stature may 
have been genetically inherited or may have resulted from 
retarded growth during childhood due to an inadequate diet. It 
is argued that the latter was most likely and therefore an 
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improvement in childhood nutrition in the study population 

should result in an increase in adult height. 

The mean delivery and postdelivery weight of the study mothers 

was well below that of affluent societies suggesting a reduced 

subcutaneous fat store at the end of pregnancy. Whether a low 

weight indicates an inadequate diet, especially in a short 

mother, is uncertain. 

The mean Quetelet index was similar to the limited data 

reported from affluent communities suggesting that the study 

mothers did not appear thin at the end of pregnancy and had 

appropriate subcutaneous fat stores for their height. This 

suggests that most of the mothers were not clinically 

undernourished. 

Short mothers were usually light or of normal weight while tall 

mothers were usually heavy or of normal weight, confirming the 

close relationship between height and weight. Furthermore, 

tall mothers were sometimes thin and short mothers fat 

supporting the weak negative correlation between height and 

Quetelet index. 

Approximately half the light mothers were not thin and half the 

thin mothers were not light while heavy mothers were usually 

fat and vice versa. Mothers with a normal or high Quetelet 

index were probably receiving an adequate diet while mothers 

who were both light and thin were almost certainly 

undernourished. The nutritional significance of a low Quetelet 

index with a normal weight is less certain but may indicate 

borderline undernutrition. 
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CHAPTER VI 

INFANT SIZE 
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6.1. INTRODUCTION 

The size of newborn infants varies widely (Hytten and Leitch 
1971) and is determined by both the duration of pregnancy and 
the rate of intrauterine growth. Infants born too early or 
after a period of slow growth will therefore be smaller than 
their well grown, full term peers. The rate of fetal growth is 
usually assessed retrospectively at delivery by relating the 
size of newborn infant to their gestational age. An infant 
born small for the duration of pregnancy implies a slow rate of 
intrauterine growth while an infant born large for gestational 
age must have grown rapidly in utero. 

In clinical practice the size and gestational age of infants 
are plotted against a standard which is usually presented as a 
'fetal growth curve'. These standards are based on cross 
sectional data collected at birth and are therefore not growth 
standards, as is commonly stated, but standards of size for 
gestational age at birth. Lubchenco (1976) stressed this 
importance when she stated that 'it is obvious that intra
uterine growth curves based on measurements of live-born 
infants delivered at various gestational ages cannot accurately 
reflect growth in utero'. Until recent advances in obstetrical 
ultrasonography provide growth standards based on longitudinal 
observations, cross sectional data will of necessity be used as 
a guide to the patterns of fetal growth. 

Standards from well nourished communities usually demonstrate 
almost linear growth during the last trimester (Sterky 1970; 
Bjerkedal et al 1973), suggesting that the fetus is expressing 
the full growth potential, while standards from most 
underdeveloped or developing countries plateau towards the end 
of pregnancy suggesting a fall off in fetal growth towards 
term. The former 'ideal' standard (Gruenwald 1966) is helpful 
in assessing optimal growth while the latter can be used to 
identify any given percentage of the largest or sttallest 
infants in a specific population (Woods 1981). The danger of 
local standards in poor countries, however, is that they 
suggest that the average sized infant is well grown which 
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may not necessarily be true. It would be best to use a 

standard based on healthy infants born to well nourished women 
in the given community but unfortunately this is not done as 
such standards are rarely available. 

Standard deviations (Usher and McLean 1969; Wong and Scott 
1972) or percentiles (Lubchenco et al 1963) are usually used to 
truncate the distribution of size for age. Percentiles are 
currently favoured and the 10th and 90th percentiles (Lubchenco 
et al 1963; Gruenwald 1966; Naeye et al 1966; Malan et al 1967; 
Jaroszewicz et al 1975; Naeye and Dixon 1978; Keeping et al 
1979); or less commonly the 5th and 95th percentiles (Thomson 
et al 1968) have been chosed to define the range of appropriate 
size for age. The 10th and 90th percentiles are an arbitrary 
choice but provide a clinically manageable number of 'at risk' 
infants requiring special care after birth and will be used in 
this study. Infants falling on or below the 10th percentile, 
or on or above the 90th percentile are referred to as small or 
large for dates respectively (Battaglia and Lubchenco 1967). 

The rate of intrauterine growth varies widely and is determined 
by the intrinsic growth potential of the fetus and the adequacy 
of the uterine environment provided by the mother. The growth 
potential of individual fetuses may be reduced by chronic 
infections such as rubella (Naeye and Blanc 1965), by 
congenital malformations (Butler and Bonham 1963), chromosomal 
anomalies (Schutt 1965) or drugs such as alcohol (Jones et al 
1973), while the genetic variation between populations may 
influence the fetal growth of whole communities. The ethnic 
differences in infant size have been stressed by Hytten and 
Leitch (1971) and Roberts (1969) who demonstrated a very wide 
range of birth weights between populations throughout the 
world. Whether this variation reflects genetic or 
environmental differences is hotly debated. Barron and Vessey 
(1966) and Malan et al (1967), have shown birth weight for age 
differences between ethnic groups in the same geographical area 
but Hendricks (1964) and Naeye et al (1973) believe that these 
differences largely disappear if corrected for socioeconomic 
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factors. Thomson (1976) states: 'It seems reasonable to 

suppose that ethnic difference in birth weights are 

considerably influenced by nutritional and other environmental 

influences'. While the fetal growth potential of different 

races might be expected to vary, the difference is likely to be 

small. At present, however, the final answer remains elusive. 

The sex of the infant is a well known determinant of intra

uterine growth with males growing faster than females 

(Lubchenco et al 1963; Thomson et al 1968; Usher and McLean 

1969). It is therefore advisable to have separate sex specific 

size for age standards, as a combined standard would falsely 

suggest a higher incidence of undergrown females. The effect 

of sex on fetal growth is probably intrinsic as males continue 

to grow faster than females after birth (McKeown and Record 

1953), but Ounsted and Ounsted (1973) have suggested that the 

immunological response of the mother to the male infant's Y 

chromosome may enhance fetal growth. This hypothesis is 

supported by the observation that the intrauterine growth of a 

female triplet is faster if one, and especially if both the 

other triplets are males (Ounsted and Ounsted 1973). 

The enhancing effect of maternal parity on fetal growth (Karn 

and Penrose 1951-2; Billewicz and Thomson 1973) should also be 

taken into account when size of age standards are constructed. 

Later born infants are usually bigger than first born infants, 

but this increase in size of the latter does not occur if the 

woman changes her partner after the birth of her previous 

infants (Warburton and Naylor 1971). This finding suggests 

that the parity effect on intrauterine growth is dependent on 

the maternal sensitisation to paternal antigens which in turn 

stimulates fetal growth. The reverse is noted in 

consanguineous marriages (Morton, 1958), where birthweight 

tends to be reduced. 

Many studies have shown that women from poor, socially under

priviledged communities frequently have underweight infants 

(Banik et al 1967; Thomson et al 1968; Hytten and Leitch 
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1971; Mata et al 1971; Murthy et al, 1976) and it is often 

assumed that an inadequate diet is responsible for this 

association (Naeye et al 1973; Sibert et al 1978). There is no 

doubt that severe undernutrition in late pregnancy can retard 

fetal growth (Antinov 1947; Smith 1947), but the effect of 

chronic mild to moderate calorie undernutrition on intrauterine 

growth is less certain. While the maternal dietary 

intervention study among undernourished Guatemalan women 

improved fetal growth (Habicht et al 1973) other similar 

studies have been inconclusive (Rush et al 1980a; Wohlleb et al 

1983). 

Maternal size is a major determinant of infant size in man and 

other animals, and will be considered in detail in Chapter IX. 

Based on the observations of Morton (1955) and Robson (1955) 

that the birth weight of maternal but not paternal half 

siblings are similar and the findings by Ounsted (1965) that 

the siblings of small for gestational age infants are commonly 

also growth retarded at birth, Ounsted and Ounsted (1966) 

proposed that a maternal regulator constrains the rate of fetal 

growth in some women. They documented that mothers of 

undergrown infants had frequently themselves been growth 

retarded at delivery and therefore suggested that the 'degree 

to which the maternal regulator constrains intrauterine growth 

is a function of the degree of constraint imposed on the mother 

when she herself was a fetus'. The set of the regulator 

appears not to be markedly affected by maternal size (Ounsted 

1965; Johnstone and Inglis 1974), and pedigree studies suggest 

that constraint is transmitted through mothers only and not 

fathers (Ounsted and Ounsted 1968; Johnstone and Inglis 1974). 

The constraint hypothesis that the size of a female infant can 

influence the birth weight of her daughter's infants is 

supported by studies on rats (Zamenhof 1971) and may prove very 

relevant in the study population. 

Maternal smoking and hypertension are both factors which 

influence uteroplacental blood flow and may thereby retard 

fetal growth. The effect of cigarette smoking (Butler and 
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Alberman 1969; Meyer et al 1976) or tobacco chewing (Krishna 

1978) on intrauterine growth is well known. Cigarette smoking 

has a dose dependent effect on fetal growth (Davies et al 1976) 

and is partially medfated by depressing maternal dietary intake 

as the fetal growth retardation can be largely corrected by 

dietary supplement (Rush et al 1980). While maternal 

hypertension during pregnancy increases perinatal mortality 

(Knutzen and Davey 1977a), its association with intrauterine 

growth retardation is less certain. Some authors report a 

correlation between pregnancy hypertension and fetal growth 

retardation (Friedman and Neff 1977), while others do not 

(Naeye et al 1973). Estimates of the incidence of hypertension 

in mothers delivering growth retarded infants have been 

reviewed by Ounsted (1971), and the range is extremely wide. 

Other less common maternal illnesses such as diabetes (Woods et 

al 1980b) may also alter the fetal growth rate, while it has 

been proposed that factors such as physical activity (Tafani et 

al 1980) and even upright posture (Briend 1979) may reduce 

infant size. 

The role of primary placental lesions, such as chorangioma, 

causing fetal growth retardation is probably very small as most 

placental lesions associated with poor fetal growth are 

secondary to defects in the uteroplacental vasculature. 

In summary, it can be said that an infant's size at delivery 

reflects the complex interaction of many maternal, fetal and 

placental factors. Birth size is clinically important as a 

major determinant of perinatal mortality, while an infant's 

size for gestational age provides valuable information about 

the pattern of fetal growth. The careful documentation of the 

size of all infants at birth is therefore of great clinical 

value especially if the infant's size and gestational age are 

plotted on an appropriate standard. 

Usually birth weight alone, or weight plus crown-heel length 

and head circumference, are routinely measured, but the 
3 

ponderal index of weight to length has been advocated as a 

useful clinical method for detecting infants who have suffered 
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recent weight loss in utero (Miller and Hassanein 1971). 

6.2. BIRTH WEIGHT 

Birth weight was probably first measured during the 17th and 

18th centuries (Cone 1961) but only in 1835 did Quetelet 

publish the first mean birth weight measurements for male and 

female infants. Today the weight of all newborn infants is 

recorded routinely at delivery as birth weight is recognised as 

a major determinant of neonatal morbidity (Lubchenco 1976) and 

perinatal mortality (Butler and Bonham 1963; Thomson and 

Billewicz 1976; Bergner and Susser 1970) with infants weighing 

less than 2 500 g being at particularly high risk of perinatal 

complications {Butler and Bonham 1963; Battaglia et al 1966). 

Birth weight alone provides little information about fetal 

growth however, unless it is related to the duration of 

pregnancy. As early as 1947 McBurney noticed that some small 

infants were not born too soon but appeared growth retarded. 

The first widely used standard of birth weight for gestational 

age was published by Lubchenco et al in 1963, when they 

described a sample of infants from Denver, Colorado, U.S.A. 

This report was followed by other birth weight for gestational 

age standards for industrialised communities in the United 

States of America (Hendricks 1964; Gruenwald 1966; Babson et al 

1970; Millar and Hassanein 1971; Hoffman 1974; Naeye and Dixon 

1978; Miller and Merritt 1979), Canada (Usher and McLean 1969), 

the United Kingdom (Neligan 1965; Thomson et al 1968; Butler 

and Alberman 1969; Milner and Richards 1974) and Europe 

(Rantakallio 1969; Kloosterman 1970; Sterky 1970; Bjerkedal et 

al 1973; Ortiz and Pineda 1975). 

The original Lubchenco standard, although widely used today, is 

lower than the other standards from relatively affluent 

societies as it is based on a 'medically indigent population', 

excluded some overweight infants, and was affected by Denver's 

altitude of 1500 meters (Howard et al 1957). 
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Relatively few birth weight standards have been published from 

developing countries (Banik et al 1967; Ghosh et al 1971; Cheng 

et al 1972; Yusof and Sinnathuray 1976) and most report infants 

smaller than the Denver standard. 

The birth weight of Coloured infants born in Cape Town was 

first reported by Woodrow and Robertson in 1950 and later by 

Barrow (1952) and Salber and Bradshaw (1953) who found that 

Coloured infants weighed less than their White peers. In 1967 

Malan et al published the first birth weight for gestational 

age standard for Coloured newborns in Cape Town and noted a 

high incidence of growth retarded infants. This finding was 

confirmed by Jaroszewicz et al in 1975 when they constructed 

sex and parity specific weight for gestational age standards 

for Coloured infants. These infants were born at the Tygerberg 

Hospital to women living in the Cape Peninsula in areas not 

cared for by the Peninsula Maternity Service. 

The standard of Jaroszewicz et al (1975) is very similar to the 

Denver standard of Lubchenco et al (1963) and falls midway 

between the standards for affluent and poor societies. A 

comparative list of mean or median birthweights of infants born 

at 40 weeks of gestation in different countries is given in 

Table 6.2.1. 

The wide variation in weight for gestational age noted between 

different reports is partially explained by differing methods 

of infant selection and data recording, analysis and display 

while stillbirths, multiple pregnancies, congenitally malformed 

infants or infants from complicated pregnancies may or may not 

be excluded. Gestational age, which has been recorded either 

in completed weeks or to the nearest week, is often uncertain 

and may have a very abnormal distribution requiring correction 

(Milner and Richards 1974; Naeye and Dixon 1978). In addition 

sample sizes are often small, labour 

notoriously inaccurate and the effects 

maternal parity are frequently ignored. 

ward scales are 

of infant sex and 

Only after these 

factors have been taken into account can any meaningful 

comparison be made between different groups of infants. 
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TABLE 6. 2.1. 

THE MEAN OR MEDIAN BIRTH WEIGHT OF INFANTS, OF BOTH SEXES AND ALL 

PARITIES COMBINED, AT 40 WEEKS OF GESTATION 

COUNTRY 

Finland 

Sweden 

Norway 

Canada 

Australia 

U.S. A. 

U.K. 

Holland 

Canada 

U.K. 

U.S.A. 

Australia 

Spain 

U.S.A. 

U.K. 

U.S. A. 

Canada 

U.S. A. 

South Africa 

U.S. A. 

Malaysia 

Singapore 

India 

India 

AUTHORS 

Rantakallio, 1969 

Sterky, 1970 

Bjerkedal et al, 1973 

Usher and McLean, 1969 

Keeping et al, 1979 

Babson et al, 1970 

McKeown and Gibson, 1951 

Kloosterman, 1970 

Wong and Scott, 1972 

Thomson et al, 1968 

Hoffmann et al, 1974 

Kitchen, 1968 

Oritz and Pineda, 1975 

Naeye and Dixon, 1978 

Neligan, 1965 

Miller and Hassanein, 1971 

Brenner et al, 1976 

Gruenwald, 1966 

Jaroszewicz et al, 1975 

Lubchenco et al, 1963 

Yusof and Sinnathuray, 1976 

Cheng et al, 1972 

Ghosh et al, 1971 

Banik et al, 1967 

BIRTH WEIGHT 

(g) 

3610 

3500 

3486 

3477 

3474 

3462 

3455 

3445 

3432 

3420 

3407 

3400 

3370 

3351 

3350 

3300 

3280 

3270 

3231 

3226 

3159 

3132 

2895 

2835 
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The most celebrated sex and parity specific standards of birth 

weight for gestational age are those of Thomson et al (1968) 
from Aberdeen, Scotland. Their standards of firstborn infants 
included 14,094 singleton deliveries at term between 1948 and 
1964 and excluded macerated stillbirths and neonatal deaths 

due to congenital abnormalities. The mothers came from a 

'socially variegated but ethnically rather homogeneous urban 
population' and most were healthy and adequately nourished. 
Other studies of firstborn infants include that of Kloosterman 

(1970) who studied 5 000 Dutch infants in Amsterdam, and 

Milner and Richards (1974) who reported on infants born in 
England and Wales between 1967 and 1971. Jaroszewicz et al 

(1975) in constructing the Tygerberg standards, included 638 
firstborn infants at term, assessed gestational age by the 

Dubowitz method (Dubowitz et al 1970) and excluded infants 
with congenital abnormalities or severe illness, together with 
infants of complicated pregnancies. 

Results 

The mean (SD) birth weight of the study infants was 2988 (456) 
g with a mean (SD) birbh weight for males and females of 3030 
(502) and 2940 (441) g respectively. The range was 1340 to 
4900 g and the birth weight distribution for each week was 
either symmetrical or showed mildly negative skewing. The 
mean birth weight increased steadily with gestation in both 
sexes with males being consistently heavier than females. At 
40 weeks the mean weight of males was 172 g heavier than 
females. Birth weight distributions from 37 to 41 weeks are 
given in (Table 6. 2. 2.). Percentiles of weight for 
gestational age are given in Tables 6.2.3.). 

Birth weight correlated significantly with gestational age (r 
= 0,37; p < 0,001), crown-heel length (r = 0,81; p < 0,001), 
head circumference (r = 0,72; p < 0,001) and ponderal index (r 
= 0 , 51 ; p < 0, 001) • 



54 

TABLE 6.2.2. 

WEIGHT OF INFANTS 

AGE (WEEKS) MEAN WEIGHT {g) SD NUMBER 

MALES 

37 2786 486 130 
38 2920 478 243 
39 3074 414 410 
40 3198 432 198 
41 3306 612 32 

FEMALES 

37 2707 465 123 
38 2899 445 278 
39 2996 404 345 
40 3026 413 161 
41 3114 369 37 



55 

TABLE 6.2.3. 

PERCENTILES OF BIRTH WEIGHT (g) 

AGE (WEEKS) 10th 25th 50th 75th 90th 

MALES 

37 2210 2450 2780 3120 3400 
38 2380 2550 2900 3250 3500 
39 2550 2780 3060 3400 3620 
40 2700 2900 3163 3500 3800 
41 2600 3000 3210 3500 4000 

FEMALES 

37 2100 2450 2750 3000 3250 
38 2360 2560 2900 3180 3500 
39 2500 2700 2975 3250 3550 
40 2480 2720 3000 3300 3640 
41 2650 3000 3100 3375 3550 
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Discussion 

The mean birth weight of the study infants was only 37 g less 
than that of firstborn, Coloured infants delivered at term in 
Tygerberg Hospital (Jaroszewicz et al 1975) but 292 g less 
than firstborn, term infants in Aberdeen (Thomson et al 1968) 
(Table 6.2.4.). In addition the mean birth weight of the 
study infants was 157 g less than that of Denver infants 
(Lubchenco et al, 1963) and well below the other mixed parity 
standards from the U.S.A., Canada, the United Kingdom and 
Europe as shown in Table 6.2.1. If the mean birth weight of 
the study infants is plotted on the Aberdeen sex and parity 
specific standard it meets the 50th percentile of 37 weeks 
indicating that the study infants are relatively underweight 
by 2,2 weeks. Furthermore, if the study infant's 10th and 
90th percentiles of weight for age are compared to those of 
the Tygerberg and Aberdeen infants, (Table 6.2.5.) it is found 
that the percentiles of the latter are far above those of the 
2 Cape Peninsula standards. For example at 40 weeks of 
gestation, approximately 25% of the study infants fall on or 
below the 10th percentile of the Aberdeen standard. This 

confirms the findings of the Tygerberg study that Coloured 

infants born at term to primigravid mothers weigh much less 
than comparable infants from most developed communities. The 
small difference between the weight of the study and Tygerberg 
infants may be due to the strict selection criteria used in 
the latter. 

The difference between the median birth weight of the study 
infants and that of the Aberdeen standard for each week of 

gestation was greater in males than females suggesting that 
fetal growth retardation in the study sample was more marked 
in males (Table 6.2.6.). 

In the few published standards for infants from poor commu
nities the mean birth weight at 40 weeks, and for all term 
infants, falls below that of the study sample (Banik et al 
1967; Ghosh et al 1971; Cheng et al 1972; Yusof and 
Sinnathuray 1976). These findings suggest that the mean 
weight of the study infants lies between that of infants born 

into affluent or poor communities. 
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TABLE 6.2.4. 
* THE MEDIAN BIRTH WEIGHTS (g) FOR AGE OF THE STUDY, TYGERBERG AND 

* ABERDEEN INFANTS 

MALES FEMALES 
WEEKS 

STUDY TYGERBERG ABERDEEN STUDY TYGERBERG ABERDEEN 

37 2450 2780 3040 2450 2790 2940 

38 2550 2950 3200 2560 2940 3080 

39 2780 3100 3320 2700 3030 3190 

40 2900 3200 3420 2720 3080 3270 

41 3000 3280 3480 3000 3070 3330 

* Firstborn infants only 

TABLE 6.2.5. 

THE 10TH AND 90TH PERCENTILES OF BIRTH WEIGHT FOR AGE IN THE STUDY, 
* * TYGERBERG AND ABERDEEN INFANTS 

10th 90th 

WEEKS 

STUDY TYGERBERG ABERDEEN STUDY TYGERBERG ABERDEEN 

MALES 

37 2210 2110 2500 3400 3420 3620 

38 2380 2300 2660 3500 3620 3760 

39 2550 2470 2780 3620 3740 3880 

40 2700 2640 2870 3800 3780 3980 
41 2600 2800 2930 4000 3750 4070 

FEMALES 

37 2100 2290 2380 3250 3430 3460 
38 2360 2430 2530 3500 3580 3590 
39 2500 2530 2640 3550 3700 3700 
40 2480 2570 2730 3640 3770 3790 
41 2650 2570 2800 3550 3800 3860 

* Firstborn infants only 
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TABLE 6.2.6. 

THE MEDIAN BIRTH WEIGHT FOR GESTATIONAL AGE OF THE STUDY AND ABERDEEN 

* INFANTS AT TERM, WITH THE STUDY WEIGHTS GIVEN AS A PERCENTAGE OF THE 

ABERDEEN WEIGHTS 

WEEKS 

37 

38 

39 

40 

41 

MALE FEMALE 

CAPE TOWN ABERDEEN % CAPE TOWN ABERDEEN % 

2450 3040 80,6 2450 2940 83,3 

2550 3200 79,7 2560 3080 83,1 

2780 3320 83,7 2700 3190 84,6 

2900 3420 84,8 2720 3270 88,3 

3000 3480 86,2 3000 3330 90,1 

* Firstborn infant only 

In the study sample the mean birth weight increased with 

gestational age between 37 and 41 weeks but the percentage 

weekly increment fell from 5,9% between 37 and 38 weeks to 2,6% 

between 40 and 41 weeks indicating a gradual slowing in the 

apparent rate of fetal growth. Males were consistently heavier 

than females, as has been noted before (McKeown and Record 

1953; Thomson et al 1968) and both the 10th and the 90th 

percentiles for males were higher than those for females. 

Heavier infants at term were longer and fatter with larger 

heads than lighter infants suggesting a faster overall growth 

in heavy infants. 

6.3. CROWN-HEEL LENGTH 

Crown-heel length is difficult to measure accurately in a 

newborn infant, especially if a tape is used. As a result 

many of the early reports of infant length must be viewed with 



59 

caution. Miller and Hassanein (1971) however popularised a 

method whereby crown-heel length is measured in a specially 

designed box giving only a 2% error in experienced hands. 

Infant length is a measure of skeletal size and, unlike birth 

weight, is not influenced by recent soft tissue wasting. 

Infants born short for gestational age therefore suggest a 

period of prolonged intrauterine growth retardation (Gruenwald 

1963; Woods et al 1979) and in the near future this proposed 

association between short stature at birth and chronically 

retarded fetal growth should be confirmed by serial antenatal 

ultrasonography measuring the length of long bones. 

As accurate measurements of infant length are not routinely 

made after delivery, only a few standards of length for 

gestational age have been published. Unfortunately there are 

no length and head circumference standards from Aberdeen. 

Although Gruenwald had documented length for age at autopsy in 

1963, the first widely used reference standard of length for 

age was published by Lubchenco et al in 1966 when they report

ed a mean length of 49,4 cm for infants delivered at 40 weeks 

of gestation in Denver, Colorado, U.S.A. 

This was followed by further standards from other indus

trialised communities which reported a mean birth length at 40 

weeks of 51,4 cm (Usher and McLean 1969), 50,3 cm (Miller and 

Hassanein 1971) and 50,4 cm (Naeye and Dixon 1978). In 

contrast Gosh et al (1971) reported on New Delhi women of low 

socioeconomic status and found a mean length of 48 cm at 40 

weeks of gestation. Similarly Frisancho et al (1977) reported 

a mean length of 49, 6 cm for Peruvian infants born to poor 

mothers. The above data suggest that the difference in birth 

length between affluent and poor communities is approximately 

1 cm at 40 weeks of gestation which is less dramatic than the 

difference in weight. 

Jaroszewicz et al (1975) also recorded infant length and 

reported a mean of 48,6 cm for firstborn infants at term with 

a mean of 49,1 cm at 40 weeks. In addition they noted a 0,5 
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cm difference between the mean length of firstborn and later

born infants at term and a 0,27 cm difference between male and 

female firstborn infants at term, stressing the need for sex 

and parity standards if detailed comparisons are to be made 

between different groups of infants. 

Results 

The mean (SD) crown-heel length of the study infants was 48,50 

(2, 22) cm with a mean (SD) for males and females of 48, 79 

(2,25) cm and 48,16 (2,15) cm respectively. The range was 

37,8 to 54,8 cm. In male infants most of the length for age 

distributions were slightly negatively skewed but both posi

tive and negative skewing occurred with equal frequency in 

females. The mean length increased steadily with advancing 

gestational age in both sexes but dropped in the last week in 

males. Males were longer than females at each week of 

gestation with a difference of 0, 74 cm at 40 weeks. The 

crown-heel length from 37 to 41 weeks is given in Table 6.3.1. 

while the percentiles of length for gestational age for males 

and females are given in Table 6.3.2. 

Length correlated positively with birth weight (r = 0,81; p 

<"0,001) and head circumference (r = 0,62; p <: 0,001) but not 

ponderal index (r = - 0,08; p> 0,01). 

Discussion 

The crown-heel length of the study infants was similar to that 

of Coloured infants born to primigravid women at Tygerberg 

Hospital (Jaroszewicz et al 1975) with the study males being 

0,27 cm longer and the study females 0, 18 cm shorter than 

their Tygerberg peers at 40 weeks. The mean length of the 
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TABLE 6. 3. 1. 

CRO~'N-HEEL LENGTH (cm) OF INFANTS 

AGE (WEEKS) MEAN SD NUMBER 

MALES 

37 47,78 2,23 130 
38 48,62 2,30 243 

39 49, 10 2,01 410 

40 49,50 1,93 198 

41 49,36 2,09 32 

FEMALES 

37 47,20 2,05 123 

38 48, 14 2,08 278 

39 48,58 2,04 345 

40 48,76 1, 96 161 

41 48,83 1,65 37 
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TABLE 6.3.2. 

PERCENTILES OF CROWN-HEEL LENGTH (cm) 

AGE (WEEKS) 10th 25th 50th 75th 90th 

MALES 

37 44,9 46,5 48,0 49,0 50,6 

38 46,0 47,2 48,5 50,2 51,5 

39 46,9 47,8 49,0 50,6 51,7 

40 47,2 48,2 49,3 50,8 52,3 

41 47,4 47,6 49,0 51,0 52,1 

FEMALES 

37 44,0 46,0 47,6 48,6 49,5 

38 45,4 46,9 48,0 49,5 50,9 

39 45,8 47,5 48,8 50,0 51,0 

40 46,2 47,6 48,8 50,2 51,4 

41 47,0 48,0 49,0 50,0 50,4 

, 
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study infants at term was 0, 1 cm more than the Tygerberg 

infants. Both the study and the Tygerberg infants were 

shorter than published standards for industrialised commu

nities, even when allowance is made for parity, and similar to 

the infants of poor mothers in India and Peru. The reduced 

length suggests that many of the study infants had been 

undergrown for a prolonged period before delivery. 

Study infants with an increased length were heavier and had 

larger heads than short infants but were not fatter. The 

close correlation between length and head circumference is 

well known (Scammon and Galkin 1929; Usher and McLean 1969; 

Miller and Hassanein 1971; Yang et al 1975) while the lack of 

significant correlation between length and ponderal index 

indicates that the latter is not biased in short or long 

infants. 

The postnatal growth potential of short infants is a cause for 

concern however, as followup studies suggest that many short 

infants do not catch up with their peers and may therefore 

remain permanently stunted (Holmes et al 1977). 

6.4. HEAD CIRCUMFERENCE 

The greatest occipitofrontal head circumference is usually 

measured immediately after delivery to document head size at 

birth. However, the presence of caput and moulding may result 

in spurious readings (Baum and Searls 1971) and it is there

fore preferable to measure head circumference 1 or 2 days 

after delivery. Head circumference can be measured accurately 

with a tape (German et al 1976) and is of great clinical value 

in providing an estimate of brain weight (Fredrick 1971; Cooke 

et al 1977; Dobbing and Sands 1978). Furthermore head 

circumference for gestational age at delivery reflects the 

rate of brain growth in utero. 

As with length, the first widely used standard of head circum

ference for gestational age was that of Lubchenco et al (1966) 

from Denver. They showed that the rate of head growth fell to 
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a lesser degree than that of weight and length during the last 

weeks of pregnancy and Dobbing and Sands (1978) have demon

strated that even this moderate slowing of head circumference 

exaggerates any slowing of brain growth. These observations 

support the concept that brain growth is relatively spared if 

the intrauterine environment is not optimal (Gruenwald 1963). 

Brain growth and therefore head circumference may be affected 

by many maternal and fetal factors. Male infants have a 

greater head circumference than female infants at delivery 

(Miller and Hassanein 1971) while the heads of firstborn 

infants are usually smaller than those of laterborn infants 

(Jaroszewicz et al 1975). Microcephaly may result from an 

insult such as rubella infection (Naeye and Blanc 1965) in the 

first trimester of pregnancy, during the phase of neuronal 

proliferation, but more commonly retarded brain growth occurs 

during the last 2 trimesters due to an inadequate nutritional 

'supply line'. 

Head circumference is not reduced by a short period of fetal 

malnutrition during the last weeks of pregnancy (Campbell 

1974) and a small head circumference at birth therefore 

indicates prolonged fetal growth retardation. At present 

antenatal ultrasonography is providing a better understanding 

of the patterns of fetal brain growth (Fan court et al 1976) 

and their relationship with head size at birth will soon be 

established. 

A few standards of head circumference for gestational age have 

been published for industrialised societies and give a mean 

head circumference at 40 weeks of 33,8 (Lubchenco et al 1966), 

34,7 (Usher and McLean 1969), 33,6 (Miller and Hassanein 1971) 

and 34,9 cm (Wong and Scott 1972). In contrast the New Delhi 

(Ghosh et al 1971) and Lima (Frisancho et al 1977) standards 

give a mean head circumference at 40 weeks of 33,8 and 34,3 cm 

respectively, suggesting a wide overlap in the range of head 

circumference for infants from industrialised and poor 

communities. The mean head circumference of firstborn infants 

at term delivered to Coloured women at Tygerberg Hospital 
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(Jaroszewicz et al 1975) was 33,9 cm with a mean of 34,1 cm at 

40 weeks which is almost identical to the Denver standard. 

Results 

The mean (SD) occipitofrontal head circumference of the study 

infants was 34,14 (1,51) cm with a mean (SD) for males and 

females of 34,45 (1,57) cm and 33,71 (1,76) cm respectively. 

The range was from 29 to 40 cm. The distribution of head 

circumference at each week of gestation was approximately 

symmetrical and the head circumference of both males and 

females increased steadily from 37 to 41 weeks. The head 

circumference of males was consistently greater than females 

with a difference of 0,48 cm between the means at 40 weeks. 

The head circumference from 37 to 41 weeks is given in Table 

6.4.1. while the percentiles of head circumference for 

gestational age are given in Table 6.4.2. 

Head circumference correlated positively with birth weight (r 

= 0,72; p<0,001), length (r = 0,62; p<0,001) and ponderal 

index (r = 0,32; p < 0,001). 

Discussion 

The mean head circumference of the study infants was 0,24 cm 

greater than that of firstborn infants delivered at term in 

Tygerberg Hospital (Jaroszewicz et al 1975). Furthermore the 

mean head circumference of the study infants at 40 weeks of 

gestation was 34,45 cm, which is higher than the standard for 

Denver (Lubchenco et al 1966) , Kansas (Miller and Hassanein 

1971), New Dehli (Ghosh et al 1977) and Lima (Frisancho et al 

1977) but less than the standard for Montreal (Usher and 

McLean 1969) and Nova Scotia (Wong and Scott 1971). It 

appears therefore that the head circumference of the study 

infants is closer to the international standard than is weight 

or length, possibly due to the phenomenon of head sparing in 

utero. 



66 

TABLE 6. 4. 1. 

HEAD CIRCUMFERENCE (cm) OF INFANTS 

AGE (WEEKS) MEAN SD NUMBER 

MALES 

37 33,50 1,51 130 

38 34,05 2,30 243 

39 34,47 1,41 410 

40 34,67 1,27 198 

41 35,91 1,67 32 

FEMALES 

37 33,10 1,47 123 
38 33,66 1,31 278 
39 33,86 1,21 345 
40 34,19 1,31 161 
41 34,29 1,35 37 
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TABLE 6.4.2. 

PERCENTILES OF HEAD CIRCUMFERENCE (cm) 

AGE (WEEKS) 10th 25th 50th 75th 90th 

MALES 

37 31,5 33,0 33,5 35,0 35,5 
38 32,0 33,0 34,0 35,0 36,0 
39 32,7 33,5 34,5 35,5 36,5 
40 33,0 34,0 34,9 35,5 36,4 
41 33,0 34,0 35,0 35,6 37,0 

FEMALES 

37 31, 0 32,0 33,0 34,0 35,0 
38 32,0 33,0 33,5 34,5 35,0 
39 32,5 33,0 34,0 34,5 35,5 
40 32,5 33,4 34,0 35,0 36,0 
41 32,0 33,8 34,5 35,0 36,0 
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Head circumference increased with gestational age, and was 

greater in male than female infants as has been noted before 

(Miller and Hassanein 1971; Jaroszewicz et al 1975). 

Correlations with other variables of infant size show that the 

study infants with large heads also tended to be heavier, 

longer and fatter than infants with small heads. 

As with infants who are short at birth, infants born with 

small heads for their gestational age are a cause for concern 

as followup studies indicate that head growth in the postnatal 

period may be reduced in these infants (Holmes et al 1977) and 

that their mental development may also be retarded (Harvey et 

al 1982). 

PONDERAL INDEX (weight/length 3
) 

Various ratios of birth weight to length have been used to 

document the body proportions of infants at delivery in order 

to differentiate 'fat' infants from 'thin' infants. In 1835 

Quetelet (1969) noted that during the first year of life, when 

weight gain is rapid, the infant's weight is 'as the cube of 

his height' and in 1897 Livi suggested using the cube root of 

weight divided by length to provide an 'indice ponderale'. 

Rohrer in 1908 advocated the modified formula of weight 

divided by length cubed which he called the 'index 

ponderalis'. This version of the 'ponderal index' was chosen 

by Lubchenco et al (1966) as 'the geometric law of 

dimensionality is maintained' with the weight of similar 

bodies being 'proportional to the cube of their linear 

dimensions'. 

Lubchenco and her colleagues popularised the ponderal index of 

weight in g x 100/length in cm3 and constructed a ponderal 

index for gestational age standard. Later Miller and 

Hassanein ( 1971) used the ponder al index to determine the 

'relative amouct of soft-tissue mass' of infants at birth as a 

means of assessing the adequacy of intrauterine nutrition. 

Infants with a high index were regarded as fat or obese while 

infants with a low index were considered thin or wasted. 



69 

Miller and Hassanein (1971) also noted that the ponderal index 
identified many infants who appeared undernourished but were 
not underweight for age suggesting that the ponderal index and 
birth weight together, rather than birth weight alone, may be 
a more sensitive method of identifying malnourished newborn 
infants. This concept that ponderal index can be used as a 
measure of nutrition at birth was supported by the high 
incidence of hypoglycaemia after delivery found in inf ants 
with a low index (Lubchenco and Bard 1971; Jara! et al 1977). 
The simple ratio of weight for length has also been used in 
newborn infants (Fisch et al 1975) but was shown to be a poor 
predictor of hypoglycaemia (Jara! et al 1977). 

The ponderal index has been widely advocated as a measure of 
body proportions at birth giving a mean at 40 weeks of 2,8 (de 
Schampheleire et al 1980), 2,55 (Miller and Hassanein 1971) 
and 2,66 (Lubchenco et al 1966) in different studies. Miller 
and Hassanein (1971) reported that sex and gestational age did 
not affect the ponderal index at term although Lubchenco et al 
(1966) had shown a steady increase with age and de 
Schampheleire et al (1980) reported a significant rise in 
ponderal index with advancing gestation at term in female but 
not male infants. Miller and Hassanein (1971) further 
demonstrated that the ponderal index of laterborn infants was 
slightly higher than that of firstborns. Among term infants 
of normal birth weight Urrusti et al (1972) and Davies and 
Beverley (1979) reported a mean ponderal index of 2,6 and 2,4 
respectively. No data are available from poor communities but 
the estimated mean ponderal index for term infants in Lima, 
Peru is 2,7 (Frisancho et al 1977) and for Indian infants born 
in New Delhi at 40 weeks is 2,5 (Ghosh et al 1971). 
Extrapolating from the mean birth weight and length, the data 
from firstborn infants delivered at Tygerberg Hospital 
(Jaroszewicz et al 1975) gives a ponderal index of 2,60 at 
term and 2,64 at 40 weeks. Sex and parity specific standards 
of ponderal index for gestational age are not available. 

It appears therefore that the 

similar in most communities 

range of ponderal index is 

with an expected mean of 
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approximately 2,5 at term and 2,6 at 40 weeks. This suggests 

that while the socioeconomic status of mothers influences the 

birth weight and length, it does not affect the body 

proportions of their infants to the same degree. Furthermore 

it suggests that infants born into poor communities are not 

wasted at delivery and therefore are unlikely to be 

underweight at term due to undernutrition during the last 

weeks of pregnancy. 

Results 

The mean (SD) ponderal index of the study infants was 2 ,58 

(0,25) with a mean (SD) for males and females of 2,58 (0,24) 

and 2,59 (0,25) respectively. This sex difference was not 

significant (t = 0,84; P> 0,01). The range was from 1,76 to 

3, 75 while the ponderal index distribution for each week of 

gestation was approximately symmetrical. The mean ponderal 

index of both sexes increased with gestational age. The 

ponderal 'index from 37 to 42 weeks is given in Table 6. 5.1. 

and the percentiles of ponderal index for gestational age are 

given in Table 6.5.2. 

Pondera! index correlated significantly with birth weight (r = 

0,51; p < 0,001) and head circumference (r = 0,32; p <:. 0,001) 

but not length (r = -0,08; p) 0,01). 

Discussion 

The mean ponderal index of the study infants at term and at 40 

weeks was similar to that reported from other communities and 

was almost identical to the mean ponderal index calculated for 

firstborn infants in the Tygerberg study. The mean ponder al 

index increased steadily with advancing gestational age, in 

agreement with Lubchenco et al (1966), but contrary to the 

findings of Miller and Hassanein (1971), showing that the 

study infants became progressively fatter towards the end of 

pregnancy. The observation that the ponderal index was 

similar in both sexes supports the report by Miller and 

Hassanein (1971) and suggests that the faster growing male 

fetus was not more likely to develop 'malnutrition' at term by 

outgrowing the maternal calorie supply. 
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TABLE 6.5.1. 

PONDERAL INDEX OF INFANTS 

AGE (WEEKS) MEAN SD NUMBER 

MALES 

37 2,53 0,24 130 

38 2,53 0,22 243 

39 2,59 0,24 410 

40 2,63 0,23 198 

41 2,68 0,24 32 

FEMALES 

37 2,55 0,23 123 

38 2,58 0,23 278 

39 2,61 0,28 345 

40 2,61 0,25 161 

41 2,66 0,20 37 
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TABLE 6.5.2. 

PERCENTILES OF PONDERAL INDEX 

AGE (WEEKS) 10th 25th 50th 75th 90th 

MALES 

37 2,21 2,35 2,56 2,71 2,86 

38 2,24 2,38 2,53 2,67 2,81 

39 2,29 2,42 2,59 2,74 2,88 

40 2,38 2,48 2,61 2, 77 2,87 

41 2,41 2,50 2,68 2,80 2,99 

FEMALES 

37 2,27 2,38 2,54 2,71 2,85 

38 2,29 2,43 2,58 2,73 2,88 

39 2,31 2,44 2,57 2,74 2,91 

40 2,32 2,43 2,58 2, 77 2,93 

41 2,32 2,55 2,68 2,75 2,93 
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The positive correlation between ponderal index and birth 

weight was to be expected as both would increase in obese 

infants and fall in wasted infants. However, the significant 

correlation between ponderal index and head circumference, but 

not length, is sup rising as length and head circumference 

correlated closely. The peak growth spurt for length at 20 

weeks (Tanner 1978) is much earlier than that for head 

circumference (Dobbing, 1974). Fetal undernutrition during the 

last weeks of pregnancy may therefore influence both ponderal 

index and brain growth but have little effect on length. This 

is contrary to the accepted theory of brain sparing in fetal 

malnutrition. 

CATEGORISATION OF INFANT SIZE 

For many years newborn infants were subdivided by their weight 

at delivery and all infants weighing less than 2500 g were 

referred to as 'premature' 

special care as they had 

(Butler and Bonham 1963). 

or 'low birth weight' and given 

a high neonatal mortality rate 

It was realised however that not 

all small infants were born too soon, and underweight infants 

delivering after a normal duration of pregnancy were called 

dysmature (Ballantyne 1902), undernourished (McBurney 194 7), 

pseudopremature (Soderling 1953) or small for dates (Butler 

and Bonham 1963), and were regarded as having suffered 

'intrauterine growth retardation' (Warkany et al 1961). Two 

major advances in the understanding of these growth retarded 

infants came in 1963 when Gruenwald published the results of 

an autopsy study of infants born underweight for their 

gestational age and Lubchenco et al provided clinicians with a 

suitable weight for age standard. The data from these studies 

stressed that both birthweight and gestational age were needed 

to categorise small infants and Yerushalmy (1967) proposed 

that 2500 g should be used to subdivide well grown from growth 

retarded infants at term. However it was the alternative 

method of categorising newborn infants suggested by Battaglia 

and Lubchenco in the same year that eventually gained general 

acceptance. They divided infants, using the 10th and 90th 
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percentiles, into small, appropriate and large for gestational 

age categories. 

Subsequently length, head circumference and ponderal index 

were also used in a similar manner to categorise newborn 

infants although the point at which the distribution of size 

for age were truncated has varied slightly between different 

investigators. 

In 1963 Gruenwald observed that underweight for age infants 

were not all alike either in their physical appearance or body 

proportions; he described some infants as proportionally 

short with small heads while others were disproportionately 

long and wasted. Furthermore some severely wasted infants 

were not underweight for age (Gruenwald 1963; Scott and Usher 

1966). The observation that growth retarded infants are not a 

homogeneous group has been confirmed by other studies (McLean 

and Usher 1970; Lubchenco 1970; Miller and Hassanein 1971; 

Urrusti et al 1972; Philip 1978), and Gruenwald (1963) and 

Scott and Usher (1966) suggested that proportionally short 

infants were the product of prolonged intrauterine growth 

retardation while long, wasted infants had suffered recent 

'malnutrition' 

The percentage of small for dates infants that are 

disproportionate is high in most reports from industrialised 

countries (Gruenwald 1963; Miller and Hassanein 1973; Campbell 

1974; Philip 1978; Davies et al 1979) but low in others 

(McLean and Usher 1970; Fitzhardinge and Steven 1972). 

Urrusti et al (1972) in a study of infants born to Mexican 

women receiving a poor diet found that half the small for 

dates infants at term were short with small heads, while Keet 

et al (1981) reported that small for dates infants born to 

Coloured mothers at the Tygerberg Hospital had a mean length 

and head circumference on or below the 10th percentile 

indicating that many were proportionately underweight. It is 

therefore possible that the incidence of small for dates 

infants born proportionately short may be associated with poor 

maternal nutrition during pregnancy. 
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A method of obtaining a better understanding of the patterns 

of fetal growth in the study sample would be to categorise the 

infants by their weight, length, head circumference and 

ponderal index for sex and gestational age 

suggested by Miller and Hassenein (1971). 

as previously 

To avoid any 

confusion the terms small, appropriate or large for dates or 

gestational age were not used in describing the study infants. 

Instead infants with a birth weight, length, head 

circumference or ponderal index on or below the 10th 

percentile for gestational age and sex were referred to as 

light, short, small headed and thin respectively while infants 

with body measurements on or above the 90th percentile were 

considered heavy, long, large headed and fat. Measurements 

falling between the 10th and 90th percentiles were regarded as 

'normal'. The percentiles from the present study were used to 

categorise the infants. For the sake of brevity, infants that 

were for example light for their gestational age were referred 

to simply as light, without reference to the duration of 

pregnancy. 

6.6.1. Results 

6.6.1.1. Weight 

Of the study infants born light, approximately half (56, 2%) 

were also short (Table 6.6.1.) and half (49,0%) had small 

heads (Table 6.6.2.) while the remainder were of normal length 

(43,8%) and head circumference (50,5%). The exception was a 

single light infant with a large head. Approximately a third 

(34,3%) of the light infants were thin while 64,3% had a 

normal ponderal index. Only 1,4% were fat (Table 6.6.3.) 

The opposite pattern was found in the heavy infants with 

approximately half (53,9%) being long and half (47,6%) having 

large heads; the remainder of the heavy infants were of 

normal length (46,1%) and head circumference (52,4%). No 

heavy infants were short or had small heads. Most heavy 

infants had a normal ponderal index (66, 7%) although 32, 3% 

were fat and 1% were thin. 
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TABLE 6. 6. 1. 

THE NUMBER OF STUDY INFANTS IN EACH WEIGHT AND LENGTH CATEGORY 

LENGTH WEIGHT 

Light Normal Heavy 

Short 118 89 0 207 

Normal 92 1354 94 1540 

Long 0 100 110 210 

210 1543 204 1957 

TABLE 6.6.2. 

THE NUMBER OF STUDY INFANTS IN EACH WEIGHT AND HEAD CIRCUMFERENCE 

CATEGORY 

HEAD CIRCUMFERENCE WEIGHT 

Light Normal Heavy 

Small 103 130 0 233 

Normal 106 1273 107 1486 

Large 1 140 97 238 

210 1543 204 1957 



77 

TABLE 6.6.3. 

THE NUMBER OF STUDY INFANTS IN EACH WEIGHT AND PONDERAL INDEX CATEGORY 

PONDERAL INDEX WEIGHT 

Thin 

Normal 

Fat 

Light Normal Heavy 

72 138 2 212 

135 1270 136 1541 

3 135 66 204 

210 1543 204 1957 

The distribution of length, head circumference and ponderal 

index were roughly symmetrical for infants of normal weight for 

age. 

6. 6 .1. 2. Length 

Short infants were either light (57%) or of normal weight (43%) 

while approximately half (52,6%) had small heads and half 

(52,6%) had normal sized heads (Table 6.6.4.) Only 1% of short 

infants had big heads. The distribution of ponderal index in 

short infants showed a positive trend (Table 6.6.5.). 

Long infants had either a normal birth weight (47,6%) or they 

were heavy (52,4%) but none were light. Except for a single 

infant with a small head, long infants had either large heads 

(36,2%) or normal sized heads (63,3%). Most long infants had a 

normal ponderal index (78,1%) but 17,1% were thin and 4,8% were 

fat. 

The distribution of weight, head circumference and ponderal 

index were roughly symmetrical for infants of normal length. 
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TABLE 6.6.4. 

THE NUMBER OF STUDY INFANTS IN EACH LENGTH AND HEAD CIRCUMFERENCE 

CATETORY 

HEAD CIRCUMFERENCE LENGTH 

Short Normal Long 

Small 96 136 1 

Normal 109 1244 133 

Large 2 160 76 

207 1540 210 

TABLE 6.6.5. 

233 

1486 

238 

1957 

THE NUMBER OF STUDY INFANTS IN EACH LENGTH AND PONDERAL INDEX CATEGORY 

PONDERAL INDEX LENGTH 

Short Normal Long 

Thin 22 154 36 212 

Normal 150 1226 164 1541 

Fat 35 159 10 204 

207 1540 210 1957 
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6.6.1.3. Head circumference 

Most infants with a small head circumference had a normal 

length (58,3%), weight (55,8%) and ponderal index (69,8%) as 

shown in Table 6.6.6., but 41,2% were short, 44,2% were light 

and 26,4% were thin. No small headed infants were heavy but a 

single infant was long and 3,8% were fat. 

TABLE 6.6.6. 

THE NUMBER OF STUDY INFANTS IN EACH HEAD CIRCUMFERENCE AND PONDERAL 

INDEX CATEGORY 

PONDERAL INDEX HEAD CIRCUMFERENCE 

Small Normal Large 

Thin 56 148 8 212 

Normal 161 1203 177 1541 

Fat 16 135 53 204 

233 1486 238 1957 

Infants with large heads usually had a normal weight (58,8%), 

length (67,2%) and ponderal index 74,4%) but 40,7% were heavy, 

31,8% were long and 22,3% were fat. One large headed infant 

was light, 1% were short and 3,4% were thin. 

The weight and ponderal index of infants with a normal head 

circumference were roughly symmetrically distributed. 

6.6.1.4. Ponderal Index 

Thin infants usually had a normal weight (65%) but 34% were 

light and 1% were heavy. Most thin infants had a normal length 

(72,6%) but 17% were long and 10,4% were short. While 69,8% 
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had a normal head circumference, 3,8% had large heads and 26,4% 

had small heads. 

Fat infants usually had a normal weight (66,1%) but 32,4% were 

heavy and 1,5% were light. Most fat infants had a normal 

length (77,9%) but 4,9% were long and 17,2% were short. While 

66,2% of fat infants had a normal head circumference, 26% had a 

large head and 7,8% had small heads. 

The weight, length and head circumference of infants with a 

normal ponderal index were roughly symmetrically distributed. 

Discussion 

The majority of the study infants were appropriate for weight, 

length, head circumference and ponder al index indicting 

'normal' growth relative to the total study sample. The 

distribution of measurements on or below the 10th percentile 

and on or above the 90th percentile however, gave a complex set 

of size groupings, some of which were clinically recognisable 

and easily explained while others were not. When the light 

infants were subdivided by length, head circumference and 

ponderal index it was found that approximately half had a 

reduced length and small head circumference while approximately 

two thirds had a normal ponderal index. These 3 groups of 

infants overlapped to a large degree as they were all 

proportionately small. This pattern of retarded growth, often 

referred to as Type I intrauterine growth retardation (Urrusti 

et al 1972) or 'perfect minatures' (Ounstead 1971) is 

characterised by reduced weight, length and head circumference 

without clinical loss of soft tissue and hence a normal 

ponderal index. Although small, these infants do not appear 

malnourished. Their small heads and short stature suggests a 

prolonged period of fetal growth retardation (Yoshida et al 

1972) and recent studies of head growth in utero demonstrate 

that this pattern of slow growth dates from the start of the 

2nd trimester (Sabbagha et al 1976; Wladimiroff et al 1977; 

Kurjak et al 1978; Dubowitz and Goldberg 1981). 
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Most of these proportionately small infants tolerate labour 

well (Scott and Usher 1966) and usually do not develop 

hypoglycaemia after delivery (Jarai et al 1977). Some followup 

studies however, indicate that their postnatal growth may be 

limited (Holmes et al 1977; Garn and Shaw 1977) and their 

mental development delayed (Fancourt et al 1976). Although the 

brain growth spurt is already well advanced at birth (Dabbing 

1974) the clinical significance of a small head in newborn 

infants remains controversial (Fitzhardinge and Steven 1972). 

The causes of proportionate growth retardation are multiple and 

may be of fetal or maternal origin but 'the time at which the 

insult occurs is the critical element which gives the newborn 

its physical characteristics' (Villar and Belizan 1982). A 

small percentage have chromosomal abnormalities or a chronic 

viral infection but these infants were excluded from the study 

sample. Other proportionately underweight infants may be 

genetically small or merely represent the extreme end of the 

physiological size spectrum, but most are believed to result 

from an inadequate intrauterine environment. Ounsted and 

Ounsted (1966) proposed that their growth may be constrained by 

a mother who was herself growth retarded in utero while cross 

breeding experiments with horses (Walton and Hammond 1938), 

cattle (Joubert and Hammond 1954), sheep (Starke et al 1958) 

and rabbits (Venge 1950) demonstrated that a small mother 

restrains fetal growth irrespective of the paternal size. 

Heavy smoking (Davies et al 1976; Miller et al 1976) or 

excessive alcohol intake (Jones et al 1973) were also 

associated with short, underweight infants, Only 6% of the 

study mothers smoked heavily but their alcohol intake was not 

determined. 

Undernutrition from early pregnancy in animal models has 

produced proportionately undergrown offspring (Zamenhof et al 

1968; Winick et al 1973; Riopelle et al 1976) and the same 

pattern of intrauterine growth retardation has been found in 

infants born to poor, underweight women (Naeye et al 1971), 

Rosso and Winick (1974) have therefore stated that 'from a 
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practical standpoint, the newborn with Type I IUGR usually is 

the product of an undernourished mother'. As the study mothers 

were commonly short and light, the relationship between 

maternal and infant size in the study sample is likely to be of 

importance and will be further explored in Chapter VIII. 

Study infants with a small head or short stature, together with 

a normal weight and normal or high ponderal index had also 

experienced a form of growth retardation similar to, but not as 

severe as the Type I infants. Although short or small headed, 

they were relatively fat suggesting that their small size was 

not due to malnutrition. 

Approximately half of the light infants had a normal length and 

head circumference while a third had a reduced ponderal index. 

These 3 groups overlapped as they all had disproportionate 

growth retardation. This pattern of fetal growth, referred to 

as Type II intrauterine growth retardation (Urrusti et al 

1972), is characteristed by a disproportionately reduced weight 

which presents clinically with the appearance of wasting and 

loss of subcutaneous tissue. The normal length and head 

circumference suggests that the duration of growth retardation 

had been less prolonged than in Type I, and antenatal 

ultrasonography suggests that this pattern of intrauterine 

growth retardation starts early in the 3rd trimester 

(Wladimiroff et al 1977; Kurjak et al 1978), when most of the 

growth in length has already been achieved (Tanner 1978). 

These infants, which appear to have a failing 'supply line', 

commonly experience fetal distress (Scott and Usher 1966), 

asphyxia at delivery (Scott and Usher 1966; Ting et al 1977), 

meconium staining (Gruenwald 1963) and hypoglycaemia after 

delivery (Jarai et al 1977). At follow-up after birth they 

demonstrate good catch up in weight (Davies et al 1979) and 

provided hypoxia and hypoglycaemia has been avoided, mental 

development will hopefully be normal. 

This pattern of disproportionate growth retardation has been 

produced in experimental animals by impairing the 

uteroplacental blood flow in late pregnancy (Wiggelsworth 1964; 
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Hill 1974; Rosso and Winick 1974) while in humans 

disproportionate growth retardation has been associated with 

pre-eclampsia (Miller and Hassanein 1973; Kurjak et al 1978). 

Perhaps it is relevent to this category of study infants that 

the incidence of pregnancy associated hypertension is high in 

the study population (Knutzen and Davey 1977a). Severe 

maternal starvation during the last months of pregnancy among 

Dutch women during the 2nd World War also resulted in 

underweight infants of normal length (Stein and Susser 1975). 

Again it is the timing rather than the nature of the insult 

that is apparently important in producing this pattern of fetal 

growth. 

Nine percent of the study infants had a normal weight but low 

ponderal index suggesting a recent onset of 'malnutrition', not 

prolonged enough to drop their birth weight to the 10th 

percentile. This pattern of fetal growth, which is associated 

with severe wasting, was well described by Clifford (1954) and 

is called Type III intrauterine growth retardation (Urrusti et 

al 1972). Long infants and large headed infants with a normal 

weight or low ponderal index also have a disproportionate lack 

of soft tissue suggesting recent weight loss. As stressed by 

Ounsted and Ounsted (1973), newborn infants can demonstrate a 

severe degree of wasting, even to the extent of dying in utero, 

without their weight falling below the 10th percentile. This 

finding limits the value of using weight for age as the sole 

criterion for diagnosing fetal growth retardation. 

The small percentage of study infants who were short or small 

headed and also had a low ponderal index represented a combined 

type of intrauterine growth retardation in that they appeared 

to have had wasting superimposed on more prolonged growth 

retardation (Grunewald 1963). They therefore should be at the 

greatest risk of perinatal complications. 

As with the light infants, the heavy infants in the study 

sample were not all alike. While half had a normal length and 

head circumference, a third were fat. The infants in these 3 

categories were all disproportionately overweight suggesting 
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that they would have appeared clinically obese. This pattern 

of excessive weight relative to length and head circumference 

is reminiscent of infants born to poorly controlled diabetic 

women (Woods et al 1980b). The other half of the heavy infants 

were proportionately long, had large heads and normal ponderal 

indices as is seen in infants born to multiparous mothers. The 

explanation for these differing patterns of accelerated growth 

remains uncertain. 

Generally there was a close correlation between length and head 

size as has been reported before (Scammon and Calkins 1929; 

Usher and McLean 1969; Miller and Hassanein 1971) with long 

infants having large or normal sized heads and short infants 

having normal or small heads. The 2 infants who were short 

with large heads may have had hydrocephaly or a form of short 

limbed dwarfism while the single infants who was long with a 

small head may have had intracranial pathology resulting in 

microcephaly. 

The relationship between length and ponderal index, and head 

circumference and ponderal index were of particular interest as 

they reflected patterns of growth retardation which do not take 

birth weight into consideration. Short infants with a normal 

ponderal index and infants with a small head together with a 

normal ponderal index would presumably fall into the Type I 

category of intrauterine growth retardation. Thin infants with 

a normal or increased length or head circumference would be 

categorised as Type II or Type III intrauterine growth 

retardation depending on the degree of weight loss. 

The finding of a closer association between ponderal index and 

head circumference than ponderal index and length again 

suggests that recent loss due to fetal malnutrition may have a 

greater effect on brain weight than skeletal growth, which is 

contrary to earlier teaching that brain growth was spared in 

the malnourished fetus (Gruenwald 1963). 

This exercise of categorising newborn infants by size and shape 

emphasises the limitations of diagnosing fetal growth 
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retardation only in terms of weight for age. Not only are the 

2 commonest forms of light for age infants not differentiated 

from each other but many low ponderal index infants are not 

light for age. 

6.7. SUMMARY 

6.7.1. 

6.7.2. 

6.7.3. 

6.7.4. 

6.7.5. 

6.7.6. 

6.7.7. 

Most study infants were lighter and shorter with slightly 

smaller heads, but similar ponderal indices, than infants born 

into affluent societies suggesting that they had been growing 

slowly from early pregnancy and had not suffered acute 

undernutrition with wasting during the last weeks of gestation. 

The mean birth weight, length, head circumference and ponderal 

index increased between 37 and 41 weeks. 

Males were heavier and longer with larger heads than study 

females but no sex differences in ponderal index were found. 

Compared to the Abderdeen birth weight standard, the study 

males appeared more growth retarded than the study females. 

Heavy infants were longer and fatter with larger heads than 

light infants. 

Thin infants had smaller heads rather than a reduced length 

suggesting that fetal undernutrition during the last weeks of 

pregnancy may affect brain growth more than skeletal growth. 

Approximately half the light infants were also short with small 

heads while half were of normal length and head circumference. 

The former proportionately small infants had probably been 

growing slowly but steadily throughout pregnancy while the 

latter disproportionately light infants appeared to have 

suffered undernutrition during the last trimester. 
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Some infants with a low ponderal index, suggesting recent 

undernutrition, were not light stressing that the measurement 

of weight alone is not a reliable method of detecting all 

growth retarded infants. 

Only half the heavy infants were also proportionately long with 

large heads. The rest were fat with a normal length and head 

circumference. 

6.7.10. Length and head circumference were closely correlated as were 

weight and ponderal index. 
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CHAPTER VII 

PLACENTAL SIZE 
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7.1. INTRODUCTION 

In order to document placental size at birth, placentas are 

usually weighed immediately after delivery but as Fox (1978) 

comments "most who make these genuflections towards the altar 

of supposed scientific measurement rarely pause to consider 

either the accuracy or the value of this procedure". Standard 

techniques are not routinely used to measure placental size and 

the use of uncalibrated scales to weigh the placenta, together 

with the attached membranes, umbilical cord and retained 

maternal and fetal blood, is the common clinical practice. 

While many large studies have documented the gross placental 

weight at delivery (McKeown and Record 1953; Hendricks 1964; 

Thomson et al 1969), there have been few reports of trimmed 

placental weight, chorionic plate area or placetal thickness. 

Many fetal and maternal variables are recognised as 

determinants of placental size. These include infant size, sex 

and gestational age (McKeown and Record 1953), the nutritional 

status (Lechtig et al 1975a) and parity (Thomson et al 1969) of 

the mother, and pregnancy induced hypertension (Thomson et al 

1969). Small placentas are usually associated with small 

infants, whether immature or growth retarded, and large 

placentas with large inf ants (Thomson et al 1969; Girmes and 

Hamilton 1971; Penfold et al 1979). Large placentas are also 

common with maternal diabetes (Teasdale 1981) and chronic 

intrauterine infections, such as syphilis (Russell and 

Altschuler 1974). In population studies of placental size, 

corrections for gestational age, parity and infant sex are 

therefore required in order to construct appropriate standards 

while the exclusion of certain pathological conditions would be 

preferable. Such detailed data are not available for trimmed 

placental weight, chorionic plate area and placental thickness. 

Studies of gross placental weight suggest that, like maternal 

and infant size, a large degree of variation in placental size 

exists both between individuals and between communities. A 

better understanding of the weight, chorionic plate area and 

thickness of the study placentas may provide a means of 

investigating the relationship between placental size and fetal 

growth. 
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Results 

The mean (SD) trimmed placental weight was 430 (88) g with a 

mean (SD) for males and females of 432 (94) and 426 (87) g 

respectively. This sex difference was not significant (t "' 

1,04; p > 0,01). A steady increase of 47,7 g (11,6%) was 

observed from 37 to 41 weeks. The weight difference of 16g at 

40 weeks between the sexes was small while the weight 

distribution at each week of gestation was either symmetrical 

or showed mild positive skewing. The placental weights from 37 

to 41 weeks are given in Table 7.2.1. while the percentiles of 

placental weight for sex and gestational age are given in Table 

7.2.2. 

TABLE 7. 2.1. TRIMMED PLACENTAL WEIGHT (g) 

AGE (WEEKS) MEAN SD NUMBER 

Males 

37 415 91 71 

38 420 101 115 

39 434 95 198 

40 461 88 104 

41 471 104 19 

Females 

37 414 75 63 

38 422 95 139 

39 444 82 175 

40 445 105 90 

41 453 75 18 
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TABLE 7.2.2. PERCENTILES OF TRIMMED PLACENTAL WEIGHT (g) 

AGE (WEEKS) 10th 25th 50th 75th 90th 

37 

38 

39 

40 

41 

37 

38 

39 

40 

41 

7.2.2. 

Males 

300 360 400 450 520 

300 340 400 480 540 

310 360 420 490 550 

350 400 450 500 560 

325 400 450 510 600 

Females 

320 360 400 460 500 

300 340 410 480 525 

340 390 440 500 550 

310 380 425 500 550 

360 400 440 550 550 

Placental weight correlated positively with chorionic 

plate area (r = 0,61; p < 0,001) and placental thickness 

( r = 0. 5 7 ; p < 0. 001 ) • 

Discussion 

In this study the placentas were similar in weight for gesta

tional age to those described by Naeye and Dixon (1978) from a 

multicentre survey in the U.S. A. , and to the placentas of 

primiparous women in Aberdeen (Thomson et al 1969). While the 

mean weight of the study placentas was less than that reported 

by Gruenwald and Minh (1961), it was similar to the weight of 

placentas of better nourished women in Guatemala City (Lechtig 

et al 1975a). However, the mean weight of the study placentas 

was heavier than that of poor Guatemalan women (Lechtig et al 

197 5a). Allowing for differences in methodology, the study 
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placentas appear therefore to weigh much the same as those of 

relatively affluent societies in U.S.A., Scotland and 

Guantemala. The significance of this finding is uncertain. In 

the study sample, characterised by small infants, it would be 

expected to also find small placentas. Unfortunately little 

data on placental weight is available from poor communities. 

Placentas from male infants were slightly heavier than those 

from females, as has been reported before (McKeown and Record 

1953; Thomson et al 1969), but the difference was not 

statistically significant. The placental weight of both sexes 

increased in a linear fashion to 41 weeks as demonstrated by 

Thomson et al (1969). The positive correlation between placen

tal weight and thickness, and placental weight and chorionic 

plate areas indicates that heavy placentas have a larger 

diameter and are thicker than light placentas. 

7.3. CHORIONIC PLATE AREA 

The chorionic plate is a disc of thickened chorion that sup

ports the placental parenchyma and fetal vessels. Usually the 

umbilical cord enters the chorionic plate near the centre from 

where the fetal arteries and veins radiate out to the placental 

margin. The chorionic plate is approximately the same size as 

the decidual plate and therefore corresponds to the area of 

placental insertion into the endometrium of the uterus. 

However, there is likely to be some shrinkage in the size of 

both placental plates when the intervillous blood is drained 

after delivery. 

Younoszai and Haworth (1969) have suggested that the area of 

the decidual plate increases little during the third trimester 

while Girmes and Hamilton (1971) noted that the placental 

diameter increased until the fetus reached 1000 g and then 

remained static. Woods et al (1978a) however documented an 

increase in the chorionic plate area until at least 36 weeks of 

gestation. 
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The chorionic and decidual plate areas have only occasionally 

been documented. Murthy et al (1976) reported a mean chorionic 

plate area of 226 cm2 in placentas of well grown Indian infants 

at term while Younoszai and Haworth (1969) found a mean deci

dual plate area of 253 cm2 in well grown Canadian infants at 

term. Girmes and Hamilton (1971) noted a median placental 

diameter of 18 cm at birth which would give an estimated area 

of 255 cm2 assuming that the placenta was a perfect circle. It 

appears therefore that most placentas at term have a chorionic 

plate area of 226 to 255 cm2
• 

Results 

The mean (SD) chorionic plate area of the study placentas was 

255,6 (45,8) cm2 with a mean (SD) for males and females of 

254,0 (47,0) and 257,4 (44,5) cm2 respectively. There was an 

increase of 12,1 cm2 in the chorionic plate area of 37 to 41 

weeks; this trend was present for both males and females. The 

distribution of chorionic plate area at each week of gestation 

was either symmetrical or slightly positively skewed. The 

chorionic plate area from 37 to 41 weeks is given in Table 

7.3.1 and the percentiles of chorionic plate area of sex and 

gestational age are given in Table 7.3.2. 

The chorionic plate area correlated positively with trimmed 

placental weight (r = 0,61; p < 0,001) and negatively with 

placental thickness (r = -0,28; p < 0,001). 



94 

TABLE 7.3.1. CHORIONIC PLATE AREA (cm2
) 

AGE (WEEKS) MEAN SD NUMBER 

Males 

37 244 48 70 

38 250 52 114 

39 256 49 197 

40 262 36 104 

41 256 43 19 

Females 

37 256 48 62 

38 256 46 137 

39 260 42 173 

40 254 45 90 

41 268 50 17 

TABLE 7.3.2. PERCENTILES OF CHORIONIC PLATE AREA (cm2
) 

AGE (WEEKS) 10th 25th 50th 75th 90th 

Males 

37 197 211 236 268 305 

38 180 215 239 284 316 

39 194 222 254 284 316 

40 216 239 260 284 305 

41 204 208 264 280 312 

Females 

37 194 218 253 292 311 

38 196 218 256 287 315 

39 208 225 256 288 312 

40 204 220 248 277 316 

41 208 220 260 304 336 
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Discussion 

The mean chorionic plate area of the study placentas was 

similar to the mean decidual plate area reported by (Younoszai 

and Haworth 1969) and to the mean chorionic plate area estimat

ed from the data of Girmes and Hamilton (1971). but was 

slightly larger than the mean chorionic plate area of Indian 

placentas (Murthy et al 1976). The expected chorionic plate 

areas of poor and affluent communities has not been adequately 

documented, limiting the interpretation of the study data. 

The relatively small increase in chorionic plate area of 2. 9% 

between 37 and 41 weeks suggests that most of the plate growth 

must take place before term. A placenta with a small plate 

area must therefore indicate retarded placental growth before 

37 weeks of gestation. Placentas with a large chorionic plate 

area tended to be thinner but heavier than placentas with a 

small chorionic plate. The greater thickness of the latter may 

be due to parenchymal hypertrophy which may compensate for the 

reduced area of placenta in contact with the uterine wall. 

7.4. PLACENTAL THICKNESS 

The thickness of the placenta is not uniform, being greater at 

the centre than the periphery. It would therefore be more 

representative to calculate the mean thickness from the 

placental volume and the decidual or chorionic plate area than 

from a single direct measurement. Placental volume is rarely 

measured in clinical practice but, as the density of the 

placenta is approximately 1 (Younoszai and Haworth 1969), 

trimmed placental weight may be used instead. 

Although two studies have reported an increase in placental 

thickness towards term (Younoszai and Haworth 1969; Woods et al 

1978a). Hamilton and Hamilton (1977) stated that "the data 

incidate a trend towards an increase in thickness up to the 

sixth month but none is apparent in the last four months". 

Younoszai and Haworth (1969) reported a mean thickness of 1,64 
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cm in placentas of well grown infants at term and noted that 

the decidual plate area was inversely related to the placental 

thickness. Hamilton and Hamilton (1977) found a mean thickness 

of 2 ,3 cm in "full term" placentas but did not comment on the 

method used to obtain these measurements. Standards of placen

tal thickness, specific for sex, parity and gestational age, 

are not available for comparison. 

Results 

The mean (SD) placental thickness was 1, 72 (0,30) cm with a 

mean (SD) for males and females of 1,73 (0,30) and 1,70 (0,30) 

cm respectively. This sex difference was not significant (t = 

1,57;; p )' 0,01). The mean placental thickness increased 

slightly with gestational age being 0,11 cm (6,6%) greater at 

41 than at 37 weeks. The distribution of placental thickness 

at each week of gestation was either symmetrical or showed 

mildly positive skewing. The placental thickness from 37 to 41 

weeks is given in Table 7.4.1. and the percentiles of placental 

thickness for sex and gestational age are given in Table 7.4.2. 

Placental thickness correlated positively with trimmed 

placental weight (r = 0,57; p < 0,001) and negatively with 

chorionic plate area (r =-0,28; p<0,001). 
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TABLE 7 .4.1. PLACENTAL THICKNESS (cm) 

AGE (WEEKS) MEAN SD NUMBER 

Males 

37 1,70 0,29 70 

38 1,69 0,27 114 

39 1,72 0,31 197 

40 1,78 0,32 104 

41 1,85 0,28 19 

Females 

37 1,64 0,33 62 

38 1,67 0,29 137 

39 1,73 0,27 173 

40 1,76 0,32 90 

41 1, 71 0,38 17 

TABLE 7.4.2. PERCENTILES OF PLACENTAL THICKNESS (cm) 

AGE (WEEKS) 10th 25th 50th 75th 90th 

Males 

37 1, 3 1,5 1,7 1,9 2,1 

38 1,3 1,5 1,7 1,9 2,0 

39 1, 3 1, 5 1,7 1,9 2,1 

40 1,4 1,6 1,7 2,0 2,3 

41 1,5 1,6 1,8 2,0 2,1 

Females 

37 1,2 1,4 1, 6 1,8 2,1 

38 1,3 1,5 1,6 1,9 2,1 

39 1,4 1,5 1,7 1,9 2,1 

40 1,4 1,5 1,7 1,9 2,1 

41 1,4 1,5 1,7 1,8 2,1 
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Discussion 

The mean thickness of the study placentas was similar to that 

reported by Younoszai and Haworth (1969) for well grown infants 

at term. Male placentas were minimally thicker than female 

placentas, explaining the slightly greater weight in the 

former, while the increase in placental thickness between 37 

and 41 weeks explains the increasing weight of the study 

placentas over this period. 

Thicker placentas tended to be heavier, with a smaller 

chorionic plate than thin placentas. 

SUMMARY 

The mean weight, chorionic plate area and thickness of the 

study placentas were similar to that of most reports, but due 

to a lack of published data, an accurate comparison with 

placental size in poor and affluent societies was not possible. 

Placental weight and thickness, rather than chorionic plate 

area, increased from 37 to 41 weeks indicating that placental 

growth in the last weeks of pregnancy was mainly due to an 

increase in thickness. A term placenta with a small chorionic 

plate therefore suggests prolonged placental growth retarda

tion. 

Placentas with a small chorionic plate tended to be thicker, 

possibly as a result of compensatory parenchymal hypertrophy. 

There was no significant difference in the placental size of 

males and females, although the former tended to be heavier. 

• 
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CHAPTER VIII 

THE RELATIONSHIP BETWEEN 

INFANT AND PLACENTAL SIZE 
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8.1. INTRODUCTION 

The placenta is predominantly a fetal organ and therefore it is 

not surprising that placental weight correlates positively with 

that of the infant at birth (Adair and Thelander 1925; Thomson 

et al 1969; Girmes and Hamilton 1971; Penfold et al 1979). 

This relationship between placental and infant weight is not 

constant however but alters with advancing pregnancy, as the 

fetus grows faster than the placenta during the 3rd trimester 

resulting in a steady fall in the relative placental size 

(Gruenwald and Minh 1961; Thomson et al 1969; Kloosterman 

1970). Despite an earlier belief that the placenta becomes a 

limiting factor in fetal growth towards term (Gruenwald 1963; 

Kloosterman 1970), this decrease in relative placental weight 

does not necessarily indicate a fall off in placental reserve. 

The functional ability per unit weight of placenta appears to 

increase with gestational age by the process of maturation 

(Kulhanek et al 1974) ensuring adequate fetal nutrition until 

the end of pregnancy. 

While parity has little or no effect on the ratio of placental 

to infant weight (Thomson et al 1969), the relative placental 

weight tends to be greater in female than male infants (McKeown 

and Record 1953; Thomson et al 1969; Nummi 1972). This sexual 

difference indicates that either females have the advantage of 

a greater placental reserve or that males are able to manage 

better without a commensurate increase in placental size. 

Due to the important influence of gestational age on the ratio 

of placental to infant weight, previous attempts to correlate 

placental and infant size without correction for the duration 

of pregnancy are of limited value. However studies of term 

deliveries have reported a mean placental to infant weight 

ratio of 0,13 (Younoszai and Haworth 1969), 0,14 (Little 1960; 

Wong and Latour 1966; Laga et al 1973) and 0,15 (Gruenwald and 

Minh 1961; Kloosterman 1970), but standards of placental weight 

to infant length or head circumference are not available. 
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If corrected for sex and gestational age, the ratio of placen

tal weight to infant size provides a measure of both quantita

tive and perhaps function placental adequacy. When it was 

first noted that small for dates infants had underweight 

placentas (Scott and Usher 1966; Younoszai and Haworth 1969) it 

was assumed that the small placenta was 'insufficient' to meet 

the needs of the fetus and had the ref ore resulted in the 

retarded fetal growth. This concept of a reduced placental 

capacity limiting the rate of fetal growth, was supported by 

animal experiments which showed that a reduction in placental 

size could restrict the infant's birthweight (Alexander 1964; 

Hill 1974). However, the ratio of placental to infant weight 

is usually within the normal range in infants born small for 

dates (Scott and Usher 1966; Thomson et al 1969; Younoszai and 

Haworth 1969) suggesting that growth retarded infants have 

absolutely but not relatively small placentas. Thomson et al 

(1969) for example commented that the light placentas of small 

for dates infants 'may mean no more than that a small fetus 

tends to have a small placenta, just as it tends to have a 

small liver'. The hypothesis of quantitative placental inade

quacy as a cause of fetal growth retardation was the ref ore 

rejected and it was proposed instead that the cause of the 

small 'feto-placental unit' must lie elsewhere. 

Recent observations have demonstrated however that growth 

retarded infants at term commonly have a reduced ratio of 

placental weight to either infant length or head circumference 

(Woods et al 1982). This finding suggests that growth retarded 

infants do indeed have relatively small placentas and that the 

ratio of placental to infant weight is kept normal by wasting 

of soft tissues in the undernourished fetus. It may therefore 

be preferable to use length or head circumference rather than 

weight as a measure of infant size when assessing the relative 

weight of the placenta. Whether quantitative placental 

inadequacy is characteristic of all small for dates infants~ or 

only with certain patterns of intrauterine growth retardation, 

is not known. Wong and Latour (1966) suggested that there is a 

great heterogeneity in the placental to fetal weight ratio of 

growth retarded infants. 
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8.2. RESULTS 

Infant weight, length, head circumference and ponderal index 

correlated best with placental weight and chorionic surface 
area and least with placental thickness as shown in Table 

8.2.1 •• Except for ponderal index and birthweight in females, 

measurements of infant size correlated better with placental 
weight than with chorionic plate area while the degree of 

correlation between infant and placental size appeared similar 
in males and females. 

TABLE 8. 2.1. THE CORRELATION 

PLACENTAL SIZE 

Placental weight 

Chor ionic plate area 

Placental thickness 

Placental weight 

Chor ionic plate area 

Placental thickness 

Placental weight 

Chorionic plate area 

Placental thickness 

Placental weight 

Chorionic plate area 

Placental thickness 

* 

COEFFICIENTS BETWEEN INFANT AND 

p < 0,001 

MALES FEMALES 

(155) (133) 

Infant weight 

* * 0,5413 0,5161 

* * 0,4913 0,5203 

0,1477 0,0087 

Length 

* * 0,4447 0,4715 
* * 0,3828 0,4164 

0,1313 0,0714 

Head circumference 

* * 0,4144 0,3765 
* * 0,2773 0,3748 

0,2262+ 0,0273 

Pondera! index 
* 0,2662 
* 0,2840 

0,0394 

0,1677 
* 0,2665 

-0,0955 

+ p(0,01 
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The mean (SD) ratio of placental weight to infant weight was 

0,146 (0,026) with a mean (SD) of 0,144 (0,027) for males and 

0,147 (0,024) for females as shown in Table 8.2.2. 

TABLE 8.2.2. THE RATIO OF PLACENTAL WEIGHT (g) TO INFANT WEIGHT (g) 

AGE (WEEKS) MEAN SD NUMBER 

MALES 

37 0, 148 0,027 70 

38 0,144 0,027 114 

39 0, 143 0,026 197 

40 0, 145 0,029 104 

41 0, 143 0,027 19 

FEMALES 

37 0, 150 0,026 62 

38 0, 145 0,024 137 

39 0, 148 0,023 173 

40 0,147 0,028 90 

41 0,144 0,020 17 

The mean (SD) ratio of placental weight to infant length was 

8,929 (1,754) with a mean (SD) of 8,912 (1,808) and 8,936 

(1,724) for males and females respectively as shown in Table 

8.2.3. The mean (SD) ratio of placental weight to head 

circumference was 12,695 (2,499) with a mean (SD) of 12,626 

(2,562) for males and 12,751 (2,443) for females as shown in 

Table 8.2.4. There was no significant sex difference in the 

ratios of placental weight to infant weight (t = 1, 90; p 

)0,01), length (t = 0,21; p ) 0,01) or head circumference (t = 

0,79; p) 0,01). While the ratio of placental weight to infant 

weight remained approximately constant between 37 and 41 weeks 

the ratio of placental weight to length and head circumference 

increased with advancing gestation. 
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TABLE 8.2.3. THE RATIO OF PLACENTAL WEIGHT (g) TO INFANT LENGTH (cm) 

AGE (WEEKS) MEAN SD NUMBER 

37 

38 

39 

40 

41 

37 

38 

39 

40 

41 

TABLE 8.2.4. 

MALES 

8,67 1,73 70 

8,65 1,88 114 

8, 77 1,78 197 

9,33 1,70 104 

9,36 1,79 19 

FEMALES 

8,68 1,47 62 

8,73 1,77 137 

9,14 1,61 173 

9,08 2,00 90 

9,09 1.30 17 

THE RATIO OF PLACENTAL WEIGHT (g) TO HEAD 

CIRCUMFERENCE (cm) 

AGE (WEEKS) MEAN SD NUMBER 

MALES 

37 12,34 2,51 70 
38 12,32 2,72 114 

39 12,50 2,51 197 
40 13,21 2,41 104 
41 13,33 2,53 19 

FEMALES 

37 12,43 2,07 62 
38 12,49 2,56 137 
39 13,03 2,26 173 
40 12,93 2,84 90 
41 13, 13 2,08 17 
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The weight, length, head circumference and ponder al index of 

male infants correlated significantly with the ratios of 

placental weight to length and head circumference but not with 

the ratio of placental weight to infant weight (Table 8.2.5.). 

TABLE 8.2.5. THE CORRELATION COEFFICIENTS BETWEEN INFANT SIZE AND 

THE RATIOS OF PLACENTAL WEIGHT TO INFANT WEIGHT, 

LENGTH AND HEAD CIRCUMFERENCE 

Placental weight/Infant weight 

Placental weight/Length 

Placental weight/Head circumference 

Placental weight/Infant weight 

Placental weight/Length 

Placental weight/Head circumference 

Placental weight/Infant weight 

Placental weight/Length 

Placental weight/Head circumference 

Placental weight/Infant weight 

Placental weight/Length 

Placental weight/Head circumference 

* < 0,001 

MALES FEMALES 

(155) (133) 

Infant weight 

* 0,1629 -0,2826 

* * 0,4129 0,3675 

* * 0,4457 0,4224 

Length 

0,1302 -0,1630 

* * 0,2643 0,2787 

* * 0,3694 0,3854 

Head circumference 

-0,0405 
* 0,3340 
* 0,2441 

-0, 1109 
* 0,2731 

0, 1963 

Ponderal index 

-0,0897 
* 0,3095 

0,2182+ 

+ < 0,01 

* -0,2590 
* 0,2012 

0,1361 

In female infants, birth weight correlated significantly with 

all 3 placental weight ratios. In addition length and head 

circumference in female infants correlate significantly with 
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the ratios of placental weight to length and head circumference 

while ponderal index correlated significantly with the ratios 

of placental weight to infant weight and length. The 

correlations between infant size and the placental weight 

ratios in females were negative. Overall the correlations 

between infant size and the ratios of placental weight to 

length and head circumference were closer than the correlations 

of infant size to the ratio of placental weight to inf ant 

weight. 

8.3. DISCUSSION 

Infant weight, length, head circumference, and to a lesser 

degree ponderal index, correlated positively with placental 

weight confirming the close relationship between infant size 

and placental weight at birth. Chorionic plate area, but not 

placental thickness, also correlated with infant weight, 

length, head circumference and ponderal index suggesting that 

it is the diameter of the placenta rather than its thickness 

that results in the significant correlation between placental 

and infant size. Furthermore the observation that ponderal 

index, unlike the other measurements of infant size, correlated 

more closely with chorionic plate area than with placental 

weight was of interest as it suggests that fetal nutrition in 

the last weeks of pregnancy may be particularly dependent on 

the size of the placental insertion site. 

The mean ratio of placental weight to infant weight was similar 

to that noted in other reports (Little 1960; Gruenwald and Minh 

1961; Wong and Latour 1966; Kloosterman 1970; Laga et al 1973) 

but comparative data are not available to interpret the mean 

ratios of placental weight to infant length and head circum

ference in the study sample. The ratio of placental weight to 

infant weight was slightly, though not significantly higher in 

females than males suggesting no marked advantage in the 

former. 

While the placental weight to infant weight ratio remained 

approximately constant between 37 to 41 weeks, the ratios of 

placental weight to infant length and head circumference 
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steadily increased. It has been argued that the latter ratios 

are more reliable indices of relative placental size as, unlike 

the placental weight to infant weight ratio, they are not 

increased by soft tissue wasting due to fetal starvation during 

the last weeks of pregnancy (Woods et al 1980). 

Infant size, especially in males, increased as the ratio of 

placental weight to infant length and head circumference 

increased. As head circumference is closely correlated with 

brain weight (Dobbing and Sands 1978), which appears to be a 

good indicator of the infant's metabolic needs (Sinclair and 

Silverman 1966), and placental weight correlates with the total 

villous surface area available for the transfer of nutrients 

from mother to fetus (Aherne 1975; Lechtig et al 1975a), it is 

suggested that the calorie supply and demand balance of the 

fetus may improve rather than fall with advancing gestation. 

This observation that placental weight relative to the 

estimated brain weight increases with gestation further 

questions the clinical concept of progressive placental 

insufficiency towards term. The possibility that the ratios of 

placental weight to infant length and head circumference are 

indices not only of quantitative but also of functional 

placental adequacy is supported by the finding that these 

ratios correlated positively with infant size at birth. The 

size of an infant at term therefore correlated with both the 

absolute and relative size of its placenta. 

The surprising finding that the ratio of placental weight to 

infant weight showed a significantly negative correlation with 

the weight and ponderal index of females can again be explained 

by soft tissue wasting which may increase the relative 

placental weight on the most undernourished infants. 

The relatively underweight placenta of the small for dates 

infant may be either the cause or the result of the retarded 

fetal growth. Under periods of nutritional stress in the 

fetus, not all organs are equally affected as the brain is 

preferentially spared while the liver, thymus, adrenals and 

placenta are not (Gruenwald 1963). 
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An infant whose antenatal growth was retarded by maternal 

factors, such as undernutrition, would therefore be expected to 

have an underweight placenta at delivery with a low placental 

weight to length and head circumference ratio. Whether this 

relatively small placenta could in turn result in secondary 

restriction of fetal growth by limiting the transfer of 

nutrients is unknown. 

SUMMARY 

Placental weight and chorionic plate area, but not placental 

thickness, correlated closely with infant weight, length, head 

circumference and ponderal index. Well grown infants therefore 

had larger, heavier placentas than growth retarded infants. 

Placental weight correlated best with birth weight, length and 

head circumference but chorionic plate area correlated best 

with ponderal index. This latter observation suggests that 

fetal nutrition in the last weeks of pregnancy may be 

particularly dependent on the size of the placental insertion 

site. 

There was no significant sex differences in the ratios of 

placental weight to infant size. 

While the ratio of placental to infant weight was approximately 

constant between 37 and 41 weeks of gestation, the ratios of 

placental weight to infant length and head circumference 

steadily increased These findings suggest that placental 

weight relative to the infant's brain weight acutally increases 

during the last month of gestation. 

The ratios of placental weight to infant length and head 

circumference correlated better than the ratio of placental to 

infant weight with infant size. The former may therefore be 

preferable as indices of quantitative, and possibly functional, 

placental adequacy. 
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CHAPTER IX 

THE RELATIONSHIP BETWEEN 

MATERNAL AND INFANT SIZE 
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9.1. INTRODUCTION 

While a positive correlation between maternal and infant size 

has been documented in many mammals (Leitch et al 1959), the 

influence of paternal size on fetal growth is minimal (Walton 

and Hammond 1938; Venge 1950; Joubert and Hammond 1954; Starke 

et al 1958). Similarly in humans, most studies have found 

little or no influence of paternal height (McKeown and Record 

1954; Morton 1955, Scott and Usher 1966; Lazar et al 1975) or 

paternal weight (Scott and Usher 1966; Winikoff and Debrovner 

1981) on birth weight suggesting that paternal size is not an 

important determinant of fetal growth. 

The effect of maternal stature on infant size is more contro

versial however, as some studies in humans have documented a 

significant correlation between maternal height and birth 

weight (Cawley et al 1954; McKeown and Record 1954; Scott and 

Usher 1966; Butler and Alberman 1969; Lazer et al 1975; Keeping 

et al 1979; Scott et al 1981), even after correcting for 

maternal weight (Hytten and Leitch 1964; Thomson et al 1968; 

Habicht et al 1973), while others have observed no significant 

correlation (Love and Kinch 1965; Rush et al 1972; Naeye et al 

1973). Furthermore Winikoff and Debrovner (1981) reported a 

significant correlation between maternal height and birth 

weight only in mothers with a high weight for height ratio, 

indicating that maternal stature only influenced birth weight 

"when calorie reserves are more than adequate to meet the 

demands of pregnancy". Other authors have also suggested that 

the effects of maternal height and birth weight may be more 

important in well nourished than undernourished mothers (Moodie 

et al 1970; Rush et al 1972; Lechtig et al 1975). Miller and 

Merritt (1979) reported that maternal height was a determinant 

of both infant weight and length but not head circumference and 

ponderal index at term while Wingerd (1970) and Smith et al 

(1976) reported a significant correlation between maternal 

height and infant length at birth. At present therefore the 

relationship between maternal height and infant size at birth 

varies between different communities possibly due to 

differences in maternal nutrition. The means whereby maternal 
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height influences fetal growth is not known but it must be 

mediated via an alteration in the intrauterine environment. 

After delivery however it is agreed that both paternal and 

maternal height have an equally important effect on the size of 

the growing child (Pearson and Lee 1903; Smith et al 1976). 

Maternal weight, whether measured before conception (Scott and 

Usher 1966; Eastman and Jackson 1968; Ademowore et al 1972; 

Rush et al 1972; Habicht et al 1973; Simpson et al 1975), 

during pregnancy (Lechtig et al 1975b; Lechtig et al 1978) or 

at delivery (Ounsted 1971) correlated positively with birth 

weight. In addition a number of studies have shown that both 

prepregnancy weight and pregnancy weight gain correlated 

independently with birth weight (Eastman and Jackson 1968; 

Simpson et al 197 5) suggesting that maternal delivery weight 

would also correlate with the infant's weight. In addition the 

ratio of maternal weight to height before conception (Love and 

Kinch 1965; Naeye et al 1973) or during pregnancy (Thomson et 

al 1968; Lechtig et al 1978; Keeping et al 1979) correlated 

with birth weight but the effect of maternal postdelivery 

weight and Quetelet index on infant size has not been explored. 

The influence of maternal height and weight on birth weight 

appeared to be cumulative in a study of primigravid women 

delivering at term in Aberdeen, Scotland (Thomson et al 1968) 

with infants born to short, light women weighing approximately 

700 grams less than infants born to tall, heavy women. 

The influence of maternal weight on the length, head circum

ference and ponderal index of newborn infants has been less 

well documented. Miller and Merritt (1979) showed that 

maternal prepregnancy weight for height correlated with head 

circumference but not length or ponderal index while data from 

Naeye et al (1973) suggested a positive correlation between the 

estimated maternal delivery weight and the infant's length and 

brain weight. 

Positively associated with maternal weight is maternal diet 

(Thomson 1959a; Rush et al 1980), skinfold thickness (Woods et 
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al 1980) and socioeconomic status (Lechtig et al 1975a), while 

many studies have shown that women receiving a poor diet 

commonly deliver underweight, (Ebbs et al 1941; Burke et al 

1943; Hytten and Leith 1971; Naeye et al 1973; Gebre-Medhin and 

Gobezie 1975; Philipps and Johnson 1977) short infants with 

small heads (Sibert et al 1978). Furthermore dietary 

supplementation, especially of calories (Lechtig et al 1975d), 

to chronically undernourished women during pregnancy increased 

birth weight (Blackwell et al 1973; Habicht et al 1973; Lechtig 

et al 1975b; Mora et al 1979; McDonald et al 1981; Campbell 

Brown 1983; Veigas et al 1982) suggesting that a poor diet 

during pregnancy may limit fetal growth. In contrast, the 

influence of pregnancy diet on birth weight in better nourished 

communities is slight (Rush et al 1980a, Viegas et al 1982), 

and Hytten and Chamberlain (1980) remarked that 'within wide 

limits, the fetus of a reasonably healthy, pregnant women is 

remarkably unaffected by dietary inadequacy during pregnancy' 

A woman's calorie reserves and degree of obesity, represented 

by her weight and Quetelet index respectively, may therefore be 

more important that her diet alone in determining the pattern 

of fetal growth as 'a woman who has been well-fed during during 

her pre-gravid life but who had not any special increase during 

her pregnancy is probably able to draw upon her reserves and by 

adaption meet the full nutritional demands of the fetus' 

(Thomson 1959). Moreover it has been proposed that 'the 

nutritional status of the pregnant woman depends more on her 

lifetime experience than the nature of the diet she happens to 

take during her pregnancy' (Thomson 1959). It is therefore 

not surprising that only severe starvation reduced birth weight 

in previously well nourished women (Antinov 1947; Smith 1947; 

Grunewald et al 1967; Stein and Susser 1975). 

Maternal skinfold thickness correlated positively with infant 

weight (Whitelaw 1976, Sibert et al 1978; Frisancho et al 

1977), and its influence on fetal growth is presumably mediated 

via the adequacy of maternal calorie reserves. Similarly 

'maternal nutrition appears to be one of the intermediate steps 
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in the causal chain between socioeconomic factors and fetal 

growth' (Lechtig et al, 1975) with the birth weight of infants 

born into poor communities being reduced (Moodie et al 1970; 

Lechtig et al 1975c). 

The importance of maternal protein reserves and the role of 

protein supplementation to human pregnant mothers to enhance 

fetal growth remains controversial (Lechtig et al 1975d) 

It is apparent therefore that maternal height, weight and 

weight for height, together with maternal skinfold thickness, 

socioeconomic status and diet may all influence infant size at 

birth. 

At present the relationship between maternal and infant size in 

the study population is unknown although Keet et al (1981) 

reported that the weight and weight for height, but not height 

alone, were significantly reduced in Coloured women delivering 

small for date infants at the Tygerberg Hospital. 

A better understanding of the importance of maternal nutrition 

on fetal growth would be obtained by investigating the rela

tionship between maternal and infant size at birth in the study 

sample. 

9. 2. RESULTS 

The correlation between maternal height and the birth weight, 

length, head circumference and ponderal index of male infants 

was not significant but maternal height correlated with the 

length and to a lesser degree with the birth weight of female 

infants as shown in Table 9. 2. 1.. Generally maternal height 

correlated more closely with infant size in females than males. 

Both maternal delivery and postdelivery weight correlated with 

all the measurements of size at birth in males and females 

except the ponderal index in the latter. Quetelet index 

correlated significantly with birth weight, head circumference, 

length and ponderal index in males and birth weight in females. 
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Quetelet index did not however correlate significantly with the 

length, head circumference or ponderal index of females. 

Infant size therefore correlated best with maternal delivery 

weight and postdelivery weight, and less significantly with 

Quetelet index. 

TABLE 9. 2.1. THE CORRELATION COEFFICIENTS BETWEEN 

MEASUREMENTS OF MATERNAL AND INFANT SIZE 

Infant Size 

Weight 

Length 

Head circumference 

Ponderal index 

Weight 

Length 

Head circumference 

Ponderal index 

Weight 

Length 

Head circumference 

Ponderal index 

Weight 

Length 

Head circumference 

Ponderal index 

+ 
p < 0,01 

MALES FEMALES 

(201) (194) 

Maternal height 

0,1279 0,2122+ 
* 0,1302 0,2559 

0,0872 0,1442 

0,0431 0,0082 

Maternal deliverr weight 

* * 0,4462 0,4369 

* * 0,3389 0,3988 

* * 0,4111 0,3101 

* 0,2501 0,1688 

Maternal 2ostdeliverr weight 

* * 0,3988 0,3617 

* * 0,2756 0,3352 

* * 0,3871 0,2417 

* * 0,2602 0,1244 

Maternal Quetelet index 
* 0,3236 

0,1960+ 
* 0,3376 
* 0,2378 

* p < 0,001 

* 0,2352 

0,1788 

0,1556 

0,1245 
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Generally there was a tendency for maternal weight and Quetelet 
index to correlate more closely with size at birth in males 

than females. 

In Table 9.2.2. mothers are categorised using the 33rd and 66th 
percentiles for height and postdelivery weight. The 
birthweight, length, head circumference and ponderal index of 
the infants born to mothers in each size category are given 
after sex and gestational age had first been entered as 
covariates. 

The difference in birth weight, length, head circumference and 
ponderal index between infants born to tall and short mothers 
was 177 g, 0,8 cm, 0,4 cm and 0,04 cm respectively. In all 4 
measurements of infant size there was a trend toward larger 
infants with increasing maternal height. 

The difference in birth weight, length, head circumference and 
ponderal index of infants born to heavy and light mothers was 
396 g, 1,6 cm, 1,1 cm and 0,12 cm respectively. All these 
differences were at least twice that found in infants born to 
short or tall mothers. 

The lightest infants were born to light mothers of normal 
stature and the heaviest infants were born to short, heavy 
mothers. The shortest infants were born to light, tall mothers 
and the longest infants to heavy, tall mothers. 

Infants born to light mothers of normal stature had the 
smallest heads and infants with the largest heads were born to 
heavy mothers of normal or tall stature. Light mothers of 
normal height delivered infants with the lowest ponderal index 
while infants with the highest ponderal index were born to 
short, heavy women. 
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TABLE 9.2.2. THE CALCULATED MEAN SIZE OF INFANTS BORN TO MOTHERS 
* CATEGORISED BY HEIGHT AND POSTDELIVERY WEIGHT 

1. Infant weight 

Short Normal Tall 

Light 2813 (76) 2770(38) 2841(22) 2809(136) 

Normal 2875(37) 2961(44) 3036(45) 2967(126) 

Heavy 3266(19) 3221(42) 3183(72) 3205 (133) 

2895 (132) 2996(124) 3072 (139) 2993(395) 
* Numbers given in brackets 

2. Infant length 

Short Normal Tall 

Light 47,7 47,9 47,6 47,7 

Normal 48,2 48,3 48,7 48,4 

Heavy 49,0 49,1 49,5 49,3 

48,1 48,5 48,9 48,5 

3. Infant head circumference 

Short Normal Tall 

Light 33,9 33,6 33,7 33,7 

Normal 33,9 34,1 34,1 34,0 

Heavy 34,7 34,8 34,8 34,8 

34,0 34,2 34,4 34,2 

4. Infant ponderal index 

Short Normal Tall 

Light 2,55 2,51 2,60 2,55 

Normal 2,55 2,60 2,62 2,59 

Heavy 2,76 2,69 2,63 2,67 

2,58 2,61 2,62 2,60 
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9.3. DISCUSSION 

Maternal delivery weight, postdelivery weight and Quetelet 

index, rather than maternal height, correlated closely with 

infant size at birth suggesting that in the study sample a 

mother's nutritional status during pregnancy, rather than her 

genetic height potential or childhood nutrition, was the 

important determinant of fetal growth. Maternal delivery 

weight correlated more closely with infant size than did 

postdelivery weight which was to be expected as delivery weight 

included the weight of the fetus. In turn, postdelivery weight 

correlated more closely than Quetelet index with infant size 

suggesting that a mother's absolute weight, representing her 

total nutritional reserve, rather than her weight for height 

was more important in determing infant size at birth. 

Postdelivery weight explained 16% of the variation of birth 

weight in males and 12,5% in females. 

than maternal obesity therefore was 

determinant of the rate of fetal growth. 

Maternal weight rather 

the more important 

The birth weight difference between infants born to light and 

heavy mothers was almost 400 g which is similar to the increase 

in birth weight noted in siblings born before and after supple

mentary feeding of pregnant women with chronic undernutrition 

(Lechtig et al 1975b). Infant length and head circumference, 

and to a lesser degree ponderal index, were also reduced in the 

light group of study mothers indicating that their infants were 

proportionately short with small heads and not simply wasted. 

The finding that postdelivery weight correlated better with 

birth weight than with length, and that postdelivery weight 

also correlated with ponderal index did however suggest that 

some wasting was present in infants born to light mothers. 

This pattern of proportionately short infants at birth differed 

from that seen with acute,severe maternal starvation during the 

last months of pregnancy. With late starvation the infants' 

length was only slightly decreased (Stein and Susser 1975), 

suggesting that the reduced birth weight was mainly due to the 

loss of soft tissue. The reduced length noted in the study 

infants born to light mothers also suggested that fetal growth 
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had been retarded since early in the second trimester rather 

than during the last weeks of pregnancy. 

It is apparent therefore that the infants of the light mothers 

had been growing slowly for a prolonged period in utero and 

that the slowing of fetal growth started at a time when the 

nutritional demands on the mother were still small. It is 

unlikely therefore that these infants were light simply because 

they had outgrown their nutritional "supply line" which would 

be expected to fail in the last trimester and produce a wasted 

infant of approximately normal length. It is proposed instead 

that the proportionately small study infants born to light 

mothers were "programmed" for slow intrauterine growth early in 

pregnancy as a protection against fetal starvation and possible 

death during the last trimester. This restriction of fetal 

growth may also be an adaptive mechanism to prevent an 

excessive nutritional drain on a mother with a limited 

nutritional reserve. The means whereby these mothers reduce 

the growth rate of their fetuses is unknown but may depend on a 

reduction of plasma volume expansion (Hytten and Paintin 1963; 

Gibson 1973) and thereby reduced uteroplacental blood flow, or 

on a reduced blood glucose level (Abell 1979; Khouzami et al 

1981; Van Assche and de Prins 1983). 

As short, light mothers who delivery proportionately small 

infants usually have a normal Quetelet index, they cannot be 

regarded as undernourished. However they appear to lack 

enough nutritional reserve to 'allow' rapid fetal growth. 

Perhaps these women will deliver bigger infants only if they 

are encouraged to become obese during pregnancy. 

Any attempt aimed at improving fetal growth in the study 

population by providing dietary advice or supplementation 

should start before conception or during the first trimester to 

obtain optimal results. Increasing calorie intake during the 

last trimester only will probably produce fatter but not bigger 

infants. If supplementary feeding of short, light women does 

enhance fetal growth, cephalopelvic disproportion may 

necessitate delivery by Caesarean section. 
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The sex differences in the relationship between maternal and 

infant size are of interest as maternal height had a greater 

effect on females than males while maternal weight had a 

greater effect on males than females. In addition the ponderal 

index of males but not females correlated significantly with 

maternal weight and Quetelet index. A possible explanation is 

that the rapidly growing male fetus was dependent to a greater 

degree on the adequacy of the maternal calorie stores while the 

slower growing female fetus was less restrained by nutritional 

factors and was therefore free to be influenced by maternal 

stature. This argument is supported by the finding that 

maternal dietary supplementation during pregnancy had a greater 

effect on the birth weight of male than female infants 

(Blackwell et al 197S; Mora et al 1979). 

9.4 SUMMARY 

1. Maternal weight and Quetelet index rather than maternal 

height correlated closely with infant size suggesting that 

the maternal nutritional status at the end of pregnancy 

was the important determinant of fetal growth. 

2. Maternal postdelivery weight had a greater influence than 

Quetelet index on infant size suggesting that the total 

nutritional reserve of a mother at delivery is more 

important than her degree of obesity in regulating the 

rate of fetal growth. 

3. Low weight rather than short stature or thinness was 

therefore the apparent reason that many of the study 

mothers delivered small infants at term. 

4. Maternal postdelivery weight and Quetelet index correlated 

better with the size of male than female infants 

suggesting that the fetal growth of the former was more 

dependent on the extent of maternal nutritional stores. 

5. Infants born to light mothers were proportionately light 

and short with small heads suggesting that these 
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infants were programmed to grow slowly from early in preg

nancy. This pattern of retarded fetal growth may be an 

adaptive mechanism to protect both mother and fetus from 

overt malnutrition in the last weeks of pregnancy 

6. To improve the fetal growth rate in light women it is 

advocated that calorie supplementation be started before 

conception or as early in pregnancy as possible. 
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CHAPTER X 

THE RELATIONSHIP BETWEEN 

MATERNAL AND PLACENTAL SIZE 
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10.1 INTRODUCTION 

As a fetal organ the placenta should also be affected, along with 

other fetal organs, by the influence of maternal size on fetal 

growth. In addition however, the placenta is attached to the 

uterine wall and placental growth may therefore be directly 

determined by maternal factors, 

Maternal undernutrition during pregnancy is associated with reduced 

placental growth both in humans (Naeye et al 1973; Velasco et al 

1975a; Viegas et al 1982a) and experimental animals (Zamenof et al 

1971b; Alexander 1978). In addition, maternal undernutrition in 

humans is associated with an alteration in the chemical composition 

of the placenta (Laga et al 1972a; Lechtig et al 1975a, Velasco et 

al 1975; Rosso et al 1976), especially the content of ribonucleic 

acid and ribonucleas which are important in protein synthesis. 

These changes in placental biochemistry could lead to impaired 

function although this has not been confirmed to date. 

Maternal dietary supplementation during pregnancy in chronically 

undernourished women resulted in a significant increase in 

placental weight at delivery (Lechtig et al 1975a) while placental 

weight fell when pregnant women were starved (Rush et al 1980a), 

Furthermore, placental weight correlated closely with maternal 

postdelivery weight (Lechtig et al 1975a) suggestion that the 

influence of maternal nutrition on placental growth may be mediated 

via maternal weight. At present the influence of maternal height 

and Quetelet index on placental weight is not known, while the 

influence of maternal size on the chorionic plate area and 

placental thickness has not been documented. 

The ratio of infant to placental weight at birth tended to remain 
normal when mothers were undernourished during pregnancy (Lechtig 

et al 1975a) due to an equal reduction in both infant and placental 

weight, but the influence of maternal size on the ratio of 

placental weight to infant length or head circumference is unknown. 
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10.2. RESULTS 

Maternal height did not correlate significantly with any of the 

measurements of placental size in either male or female infants 

while maternal delivery weight correlated significantly with 

placental weight and chorionic plate area in male infants, and 

placental weight and thickness in female infants (Table 10.2.1.) 

TABLE 10.2.1. THE CORRELATION COEFFICIENTS BETWEEN MEASUREMENTS OF 

MATERNAL SIZE AND PLACENTAL SIZE 

MALES FEMALES 

(197) (193) 

Placental Size Maternal height 

Weight 0, 1158 0,1768 

Chorionic plate area 0,1279 0,0790 

Thickness 0,0012 0,1471 

Maternal deliverx: weight 
* * Weight 0,3396 0,2919 
* Chorionic plate area 0,2790 0, 1308 

Thickness 0, 1140 0,2249+ 

Maternal :eostdeliverx weight 
* 0,2376+ Weight 0,3164 

* Chorionic plate area 0,2525 0,0990 

Thickness 0,1156 0,2016 

Maternal guetelet index 
* Weight 0,2552 0,1235 

Chor ionic plate area 0,1803 0,0488 
Thickness 0, 1199 0, 1034 

+ 
p<o,01 * p < 0,001 
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Postdelivery weight correlated significantly with placental 

weight and chorionic plate area in male infants but only with 

placental weight in female inf ants, while the Quetelet index 

correlated with placental weight alone in males and none of the' 
measurements of placental size in females. 

As in Chapter IX, the study mothers were categorised using the 

33rd and 66th percentiles of height and postdelivery weight. 

The mean weights of placentas born to mothers in each size 

category are given in Table 10.2.2. 

TABLE 10.2.2. THE CALCULATED MEAN PLACENTAL WEIGHT (g) OF INFANTS 
BORN TO MOTHERS CATEGORISED BY HEIGHT AND 

* POSTDELIVERY WEIGHT 

Short Normal Tall 

Light 403( 75) 397( 38) 425( 22) 407 (135) 
Normal 401 ( 37) 421 ( 44) 439( 45) 423 (126) 
Heavy 466( 19) 438( 42) 458( 72) 454 (133) 

412(131) 420(124) 446 (139) 428(394) 

* Numbers in brackets 

The mean placental weight of infants born to tall mothers was 

34 g more than that of infants born to short mothers while the 
mean placental weight of infants born to heavy mothers was 47 g 

more than that of infants born to light mothers. Light mothers 

of normal height delivered the lightest placentas while heavy, 
short mothers delivered the heaviest placentas. The heaviest 

and lightest placentas were born to the same groups of mothers 
as were the heaviest and lightest infants. 

The effect of maternal height, delivery and postdelivery 

weight, and Quetelet index on the ratios of placental weight to 
infant size are given in Table 10.2.3. 
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TABLE 10.2.3. THE CORRELATION COEFFICIENTS BETWEEN MATERNAL SIZE 
AND THE RATIOS OF PLACENTAL WEIGHT TO INFANT SIZE 

Placental weight/infant weight 

Placental weight/infant length 

Placental weight/head circumference 

Placental weight/infant weight 

Placental weight/infant length 

Placental weight/head circumference 

Placental weight/infant weight 

Placental weight/infant length 

Placental weight/head circumference 

Placental weight/infant weight 

Placental weight/infant length 

Placental weight/head circumference 

+ p <0,01 * 

MALES 

(201) 

Maternal height 

FEMALES 

(193) 

-0,0208 -0,0098 

0,0883 0,1298 

0,0946 0,1530 

Maternal delivery weight 

0,0075 
* 0,2889 

-0,0867 
* 0,2249 

* 0,2760 0,2399 * 

Maternal postdelivery weight 

0,0052 -0,0778 
* 0,2748 

* 0,2530 

Maternal Quetelet index 

0,0193 -0,0738 
0,2296+ 0,0991 
0,2030+ 0 ,0966 

p < 0,001 

Maternal height did not correlate significantly with any of the 
ratios of placental weight to infants size while maternal 
delivery and post delivery weight correlated significantly with 
the ratios of placental weight to infant length and head 
circumference in males, and to a lesser degree with the same 
ratios in females. Maternal delivery and postdelivery weight 
did not correlate significantly with the ratio of placental to 
infant weight in either sex and the Quetelet index only 
correlated with the ratios of placental weight to infant length 
and head circumference in males. 
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DISCUSSION 

The relationship between maternal and placental size was very 

similar to that noted between maternal and inf ant size. For 

example maternal height did not correlate significantly with 

any of the measurements of placental size, while maternal 

delivery and postdelivery weight did correlate significantly 

with placental weight. This observation suggests that nutri

tional status rather than genetic height potential or childhood 

nutrition was the important maternal determinant of placental 

growth. As the correlation between maternal weight and birth 

weight were closer in males than females it is proposed that 

maternal nutrition has a greater influence on placental growth 

in male infants. This conclusion was further supported by the 

finding that maternal Quetelet index correlated significantly 

with placental weight in male but not female infants. Further

more the closer correlation between maternal postdelivery 

weight and placental weight than between Quetelet index and 

placental weight suggests that placental growth was more 

influenced by the total nutritional reserve of the mother than 

by her degree of obesity. 

Maternal delivery and postdelivery weight correlated signifi

cantly with chorionic plate area in male infants while maternal 

delivery weight correlated significantly with placental thick

ness in females indicating that heavier mothers delivered not 

only heavier but also larger and thicker placentas. The reason 

for this sex difference is not known. 

Maternal postdelivery weight explained 10% of the variation in 

placental weight noted in males and 5, 7% of that noted in 

females. As with infant weight, light mothers of normal height 

delivered the lightest placentas while heavy, short mothers 

delivered the heaviest placentas again emphasising that mater

nal postdelivery weight rather than height determined placental 

growth. The difference in the mean weight of the placentas 

delivered to these 2 groups of mothers was 69 g. 
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Neither maternal height, delivery or postdelivery weight, or 

Quetelet index correlated significantly with the ratio of 

placental to infant weight suggesting that these measurements 

of maternal size had a similar effect on both infant and 

placental weight. Maternal height had no significant effect on 

the ratios of placental weight to infant length and head 

circumference indicating that height had little influence on 

relative placental size. In contrast, maternal delivery and 

postdelivery weight, and to a lesser degree Quetelet index, 

correlated significantly with the ratios of placental weight to 

both infant length and head circumference. This suggests that 

maternal nutrition was a determinant of quantative placental 

adequacy in the study infants with heavy mothers delivering 

infants with relatively big placentas. Again the correlations 

were better in male than female infants suggesting that mater

nal nutrition had a greater effect on the relative placental 

weight of male infants. 

10.4. SUMMARY 

10.4.1. Maternal height did not correlate significantly with either 

placental weight, chorionic plate area or placental thickness. 

10. 4. 2. Maternal delivery and postdelivery weight correlated signifi

cantly with placental weight suggesting that maternal nutrition 

was an important determinant of placental growth. 

10.4.3. The correlation between maternal postdelivery weight and 

placental size was greater than that between Quetelet index and 

placental size suggesting that a mother's total nutritional 

reserve rather than her relative obesity was the important 

determinant of placental growth. 

10.4.4. The correlation coefficients between maternal and placental 

size were smaller in female than in male infants suggesting 

that the placental growth of male infants was more dependent on 

the adequacy of maternal nutrition. 
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10.4.5. Maternal postdelivery weight explained 10% of the placental 

weight variation in male infants and 5, 7% of that noted in 

female infants. 

10.4.6. Neither maternal height, delivery weight, postdelivery weight 

or Quetelet index correlated significantly with the ratio of 

placental to infant weight indicating that maternal size had a 

similar effect on both infant and placental weight. 

10.4.7. Maternal delivery weight, postdelivery weight and Quetelet 

index correlated significantly with the ratios of placental 

weight to infant length and head circumference in males while 

only delivery and postdelivery weight correlated significantly 

with those ratios in females. These findings suggest that 

maternal nutritional status is an important determinant of 

relative placental size especially in male infants. 
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CHAPTER XI 

THE RELATIONSHIP BETWEEN 

MATERNAL, INFANT AND PLACENTAL WEIGHT 
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11.1 INTRODUCTION 

In the study sample maternal postdelivery weight correlated 

significantly with both infant and placental weight indicating 

that the growth rate of the fetus and placenta was greater in 

heavy mothers than in light mothers. In addition a positive 

correlation was also found between infant and placental weight 

suggesting that the growth rate of a fetus and its placenta is 

closely related. 

While this association between maternal, infant and placental 

size at birth is well recognised, it remains uncertain which 

variables are dependent and which are independent. Although it 

is possible that infant and placental weight could 

significantly influence maternal postdelivery weight, with a 

large fetus and placenta producing a greater amount of 

oestrogen and progesterone resulting in a high maternal weight 

gain with enhanced fat accumulation and water retention, it is 

usually assumed that the converse is true with maternal weight 

influencing fetoplacental growth. This conclusion is supported 

by cross breeding experiments (Walton and Hammond 1938; Starke 

et al 1958) and nutritional studies (Habicht et al 1973; Mora 

et al 1979) which show the effect of maternal size and 

nutrition on fetal growth. Furthermore the effect of maternal 

weight on infant weight is believed to be direct although it is 

possible that maternal weight may also determine fetal growth 

indirectly via its influence on placental size. 

The close relationship between infant and placental size is to 

be expected as the placenta is a fetal organ. However 

placental weight could in turn affect the rate of fetal growth 

as a small placenta may impair the efficiency of the 

nutritional 'supply line' between a mother and her fetus. The 

means whereby maternal weight influences placental weight is 

even more controversial as maternal weight may be a direct 

determinant of placental growth or merely be associated 

indirectly with placental weight via the effect on infant 

weight. 
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Calculating the partial correlation coefficients between 

maternal, infant and placental weight in the present study may 

lead to a better understanding of this complex relationship 

between maternal size and fetoplacental growth. 

11.2 RESULTS 

The marginal correlation coefficients between maternal 

postdelivery weight and infant weight were 0,3988 in males and 

0,3617 in females. This significant (p <(0,001) correlation is 

shown in Table 11.2.1. 

TABLE 11. 2. 1. THE MARGINAL AND PARTIAL CORRELATION COEFFICIENTS 

BETWEEN MATERNAL POSTDELIVERY WEIGHT, INFANT WEIGHT 

AND PLACENTAL WEIGHT 

MALES MARGINAL PARTIAL 

(201) 

* * Maternal - infant weight 0,3988 0,3278 

* Maternal - placental weight 0,3164 0,0788 

* * Infant - placental weight 0,5413 0,5104 

FEMALES 

(194) 

* * Maternal - infant weight 0,3617 0,2741 

* Maternal - placental weight 0,2376 0, 0726 

* * Infant - placental weight 0,5161 0,5124 

* p < 0,001 
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When corrected for placental weight, the partial correlation 

coefficients of 0,3278 in males and 0,2741 in females remained 

significant {p < 0 ,001). Similarly, the marginal correlation 

coefficients between infant and placental weight were 0,5413 in 

males and 0,5161 in females falling to 0,5104 and 0,5124 in 

males and females respectively when corrected for maternal 

weight. Both the marginal and partial correlation coefficients 

between infant and parental weight were significant (p < 0,001) 

While the marginal correlation coefficients between maternal 

and placental weight were significant (p <(0,001) at 0,3164 in 

males and 0,2376 in females, the partial correlation 

coefficients of 0,0788 and 0,0726 in males and females 

respectively were no longer significant (p :::> 0,01). The 

partial correlation coefficients between maternal and infant 

weight was greater in males. The multiple correlation 

coefficient of maternal and infant weight on placental weight 

was 0,5910 in males and 0,6047 in females while that for 

maternal and placental weight on infant weight was 0,7040 and 

0,6491 in males and females respectively. 

DISCUSSION 

The positive marginal correlations between maternal post

delivery weight, infant weight and placental weight have been 

shown to be significant in the study sample demonstrating the 

close relationship between maternal size and fetoplacental 

growth. Furthermore, the significant partial correlation 

coefficients between maternal and infant weight, which were 

only slightly less than the marginal coefficients, suggest that 

the correlation between maternal and infant weight was direct 

and not reduced much when placental weight was held constant. 

Similarly, the correlations between infant and placental weight 

were altered only slightly when corrected for maternal weight 

confirming the observation that the relationship between the 

weight of a fetus and its placenta is little influenced by 

maternal weight. In contrast the significant correlation 

between maternal and placental weight disappeared when infant 
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weight was held constant suggesting that the influence of 

maternal weight on placental size is not direct but mediated 

via infant weight. 

It is therefore proposed that in the study sample maternal 

postdelivery weight, reflecting the mother's nutritional 

reserve at the end of pregnancy, was a significant determinant 

of infant weight which in turn determined placental weight. 

Placental weight appeared to play only a minor role in media

ting the influence of maternal weight on infant weight 

challenging the statement by Lechtig et al (1975a) that 'moder

ate protein-calorie malnutrition' during pregnancy decreases 

the rate of fetal growth via its effect on placental weight. 

Improving the weight of light mothers by dietary advice or 

supplementation would therefore be expected to enhance both 

fetal and placental growth without altering the fetoplacental 

weight ratio. 

SUMMARY 

11.4.1. The correlation coefficients between maternal postdelivery 

weight and infant weight remained significant when corrected 

for placental weight, suggesting that the effect of maternal 

weight on fetal growth is direct and little influenced by 

placental size. 

11.4.2. Similarly, the correlation coefficients between infant and 

placental weight remained significant when corrected for 

maternal weight, indicating that the relationship between 

infant and placental weight is largely independent of the 

effects of maternal weight. 

11.4.3. In contrast the significant correlations between maternal and 

placental weight became insignificant when corrected for infant 

weight, suggesting that the effect of maternal on placental 

weight is not direct but is mediated via infant weight. 
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11.4.4. These results suggest that maternal postdelivery weight, 

reflecting a mother's nutritional reserve at the end of preg

nancy, is a determinant of infant weight, which in turn deter

mines the weight of the placenta. In many instances the small 

placenta associated with the growth retarded infant is 

therefore the result, and not the cause, of the poor fetal 

growth. 
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CHAPTER XII 

CONCLUSIONS AND SPECULATION 
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The study mothers and their newborn infants were small when compared to 

most international standards, confirming earlier clinical impressions. 

The mean height of the study mothers was well below that of mothers in 

affluent societies suggesting that they were either genetically short 

or had experienced poor growth during childhood, probably due to an 
inadequate diet. It is argued that the latter is the more likely 

explanation. With improved childhood nutrition therefore the height of 

future mothers in the study coumrunity might be expected to increase. 

The mean maternal weight, both before and after delivery, fell between 

that reported from affluent and poor coumrunities while the mean Quetelet 
index was similar to that found in well nourished societies. The study 

mothers were short and light therefore without being thin. 

Categorising the study mothers by height. weight and Quetelet index 

revealed a wide range of sizes and shapes. Short mothers were usually 

neither light nor thin while light mothers often had a normal Quetelet 
index. These findings indicate that even the short and light mothers 

often had normal body proportions with no soft tissue wasting. It is 

suggested therefore that most study mothers had appropriate subcutaneous 
fat deposits for their stature but, due to their low weight. reduced 
nutritional stores available to their fetuses. 

In a community characterised by poor socioeconomic conditions and a 

balanced but low calorie diet, short adult stature with a correspond
ingly reduced weight may lower the nutritional needs of the individual 

and thereby be an adaptive phenomenon. Such an advantage may not 
necessarily be of benefit to a fetus however who would have to depend on 
a limited source of calories. 

The mean birth weight. length. head circumference. but not ponderal 
index, of the study infants were below those published from affluent 
societies. This indicates that most of the study infants were propor

tionately light and short with small heads. In contrast their ponderal 
index was usually normal, confirming that soft tissue wasting was 
uncommon. These findings suggest that the reduced size of most of the 
study infants at birth resulted from a prolonged period of slow 
intrauterine growth rather than acute undernutrition during the last 
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weeks of pregnancy. 

Categorising the infants by weight, length, head circumference and 

ponderal index for gestational age and sex suggested many different 

patterns of fetal growth and confirmed that approximately half of the 

light infants were proportionately small giving the appearance of 

'perfect minatures'. It is of concern that their reduced length may 

lead to stunting of adult stature. 

The average size of the study placentas was similar to that reported 

from affluent societies suggesting that placental growth was usually 

less retarded than fetal growth. Due to the lack of comparative data 

from poor communities however, this conclusion must remain speculative. 

Placentas continued to increase in weight until 41 week mainly due to an 

increase in thickness. 

Infant and placental size correlated closely which is not surprising as 

the placenta is a fetal organ. The smallest infants therefore had the 

smallest placentas while the biggest infants had the largest placentas. 

In addition, the ratio of placental weight to infant length and head 

circumference correlated positively with infant size, suggesting that 

the smallest infants had not only absolutely but also relatively small 

placentas. A relatively small placenta may limit the capacity of the 

nutritional supply line to the fetus and thereby aggrevate the fetal 

growth retardation. 

Maternal weight, and to a lesser degree Quetelet index, but not height 

correlated significantly with both infant and placental size, especially 

in males. This suggests that maternal nutritional reserves rather than 

maternal stature was the important determinant of fetoplacental growth. 

Furthermore, low maternal weight may have a particularly limiting effect 

on the intrauterine growth of males, who normally have a faster growth 

rate and therefore higher calorie demand than females. 

The infants of light mothers were light and short with small heads and 

small placentas but normal ponderal indices. These infants appeared to 

have been programmed to grow slowly from early pregnancy, possibly to 

avoid outgrowing the maternal calorie supply towards term when fetal 

demands are at their greatest. This growth pattern may represent a 
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fetal adaptation to a nutritionally inadequate intrauterine environment. 

This would explain the lack of soft tissue wasting at birth in most of 

the light infants. 

The positive correlation between maternal and placental weight was not 

direct but mediated by fetal weight. This surprising observation 

suggests that the retarded placental growth in light women is secondary 

to retarded fetal growth. Any quantitative placental inadequacy is 

therefore likely to be the result and not the cause of fetal growth 

retardation. 

It is concluded that a positive correlation between maternal weight and 

infant and placental size at term exists in the study population. This 

relationship can be partially explained by nutritional factors. Light 

mothers with low calorie reserves deliver proportionally small infants 

at term who probably grow into short adults similar to their parents. 

This intrauterine and postnatal growth restraint may be an advantage to 

the individual in a nutritionally inadequate environment. 

By improving the diets of women before and during pregnancy the fetal 

growth restraint may be relaxed resulting in larger infants who will 

hopefully grow into heavier, taller adults. Improving maternal diets 

during the latter half of pregnancy only will probably be of limited 

benefit to the fetus while good nutrition for more than one generation 

may be required before fetal growth in the study population matches that 

found in affluent societies. Whether heavier mothers and larger infants 

will improve the quality of life in the study population remains to be 

determined. 
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CHAPTER XI II 

THE FUTURE 
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Arising from this study are many new questions that need to be addressed 

in the future: 

13.1. 

13.2. 

13.3. 

13.4. 

13.5. 

13.6. 

13.7. 

13.8. 

13.9. 

What is the exact relationship between maternal size and diet 

during pregnancy? For example, are light mothers with a normal 

Quetelet index and thin mothers of normal weight both receiving 

an inadequate diet? 

Does proportionately short stature offer a nutritional advan

tage to an adult in a poor community by reducing the required 

calorie intake? 

Will an improved diet during childhood result in a secular 

increase in adult height in the study population? 

Would a longitudinal study of fetal growth using ultrasono

graphy support the proposed patterns of intrauterine growth 

suggested by the size and shape of infants at birth? 

Would the method of categorising infants by their size and 

shape at birth in the study population help predict neonatal 

problems and the patterns of postnatal growth and development? 

What is the growth pattern of the placental chorionic plate and 

does the size of the placental insertion stop increasing before 

term as suggested by this study? 

Do the ratios of placental weight to infant length and head 

circumference reflect the functional adequacy of the placenta 

relative to the nutritional needs of the fetus? Can this data 

be used to define and measure quantitative and perhaps func

tional placental adequacy? 

Could the measurement of placental size and head circumference 

in utero using ultrasonography provide a clinically useful 

index of placental adequacy? 

What are the ratios of placental weight to infant length and 

head circumference in different patterns of fetal growth 



13.10. 

13.11. 

13.12. 

13.13. 

13.14. 

13.15. 
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retardation? Do both proportionately small and disproportion

ately wasted infants both have relatively light placentas? 

Would a higher calorie diet during pregnancy enhance the feto

placental growth in both light mothers and thin mothers in the 

study population? 

Could improved nutritional and socioeconomic conditions for one 

generation increase the fetal growth rate in the study popu

lation to that of affluent societies? 

How do light mothers programme the slow intrauterine growth 

pattern of their infants? 

Will better pregnancy nutrition in short mothers result in a 

higher incidence of cephalopelvic disproportion and therefore 

increase the need for Caesarean section? 

Will nutritional supplementation of light mothers increase the 

ratio of placental weight to infant length and head circum

ference? 

Would an increased rate of fetal growth in the study population 

produce 'better infants', and adults with a better quality of 

life? 
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