
Influences on growth: a study of two 

generations based on the 1958 British Birth 

Cohort

A thesis presented for the degree 

of Doctor of Philosophy 

University of London

Leah M Li

Institute of Child Health 

University College London

2003



ProQuest Number: U643379

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest U643379

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



Abstract

Height is a well-established health indicator, which is determined by genetic and early 

environmental factors. This thesis investigates (i) contributions of a wide range of early 

environmental factors on growth at each life stage; (ii) whether the strength of the 

associations has changed between two generations; and (iii) whether social inequalities in 

height have narrowed. The study is based on the 1958 British Birth Cohort, all bom 

between 3rd-9th March 1958, followed up at 7, 11, 16, 23, 33, and 41y, and their offspring.

Fetal and childhood influences on growth of cohort members were examined using 

information on height at all ages simultaneously. Multivariate response models were used 

to explore these effects on growth trajectories, because these models take into account the 

fact that measurements on the same individual are correlated and also allow the comparison 

of the strength of associations across ages. Multilevel models were applied to compare the 

early life influences on childhood height between two generations taking account of 

correlations between cohort members and their offspring, and offspring themselves within 

families.

Early life factors, including maternal smoking during pregnancy, social class, family size, 

household crowding, and parental divorce, had stronger effects on childhood height than on 

adult height. This suggests that children whose growth is adversely affected by 

unfavourable early conditions may catch up later. Childhood height is therefore a better 

indicator of early life circumstances than final adult height. However, the impact of some 

influences has changed over time, with some factors (i.e. maternal smoking, breastfeeding, 

maternal age at childbirth, social class, number of younger siblings, crowding, maternal 

education, and parental divorce) showing a decline in importance in a younger generation. 

Increases in height across generations, i.e. the secular trend, were due to a greater height 

gain in manual social class. This resulted in a narrowing of inequalities in height in more 

recently bom British children.
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Chapter 1

Introduction

1.1 Life-course studies of aduit heaith

In the past, studies investigating potential risk factors of adult disease have concentrated on 

adult risk factors. More recently, evidence has suggested that social, biological, or 

psychological exposures operating across the life-course, rather than just exposures in later 

life, are important in relation to health outcomes.

The timing of exposure may be critical. There are vulnerable periods, particularly during 

early development, where an insult results in permanent and irreversible damage to future 

health \  Factors operating during fetal development and early childhood may have long- 

lasting influences on later health. It has been recognized that retarded fetal growth, as an 

indicator of prenatal exposure, is associated with cardiovascular disease, high blood 

pressure, and diabetes A study of Scottish men bom in the 1920s suggests that some 

adult diseases were affected by socio-economic conditions in childhood; men who came 

from manual social class origins had increased risk of mortality from stroke and stomach 

cancer Although exposures in “critical periods” may be important, they may influence 

disease risk with additional exposures from later life or later effect modification. The idea 

of later effect modification is that the effect of early exposure manifests itself in the 

presence of a later life “stressor”, so that the critical period may only be critical for
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individuals who also experience the later risk factor. The association between fetal 

development and some adult diseases may be influenced by early growth, acting as a 

pathway factor or a modifier, or confounded by socio-economic conditions. For example, 

being relatively small at birth but with improved catch-up growth in childhood has been 

associated with raised adult blood pressure  ̂and coronary heart disease Deprivation in 

childhood, with an additive influence of adult circumstances, also influences risk of 

mortality from coronary heart disease and respiratory disease in adulthood Although 

childhood origins of cardiovascular disease may be important, risks may still be modified 

substantially in adult life; for example, current socio-economic disadvantage has a strong 

influence on important risk factors such as physical inactivity, metabolic and haemostatic 

profile, and smoking

Social, biological and psychological exposures at different life stages may accumulate 

gradually throughout the life-course, which as a result, could increase the risk of adult 

morbidity and mortality. These factors may influence health independently, cumulatively, 

or interactively, with or without pathway factors For example, the excess risk of 

cardiovascular disease accumulates through life as a result of adverse socio-economic 

circumstances, starting in childhood There are different models for accumulation of risks; 

exposures throughout the life-course may affect health independently, and more commonly, 

cluster together, or even accumulate over time where one adverse exposure leads to another 

as “chains of risks”, with sequential relationships or interactions between risk factors.

14



1.1.1 Adult height and disease

Height is one of several factors that has been taken to represent early life exposures and 

investigated in relation to adult health. Selected studies of associations between adult 

stature and risks for various diseases are summarized in Table A l.l  (Appendix 1). There is 

a large literature showing the associations of height with a variety of adverse health 

outcomes in adulthood. Shorter adult stature is a well-established predictor of cardio

respiratory disease later in life, among men and women Inverse relationships have also 

been found between adult stature and increased all-cause mortality stroke and

stomach cancer However, increasing stature is not always beneficial for health 

outcomes. For example, mortality from cancers unrelated to smoking, with the exception of 

stomach cancer, tends to be related to tallness Hip fracture is also linked to tall

stature

Unlike most health outcomes or adiposity measures, height changes little once final adult 

height is achieved, at least in early adulthood, though from late middle age there is a trend 

of increasing “shrinkage” In general, adult height is unlikely to be a causal factor for 

adult disease. The stature-disease association may well reflect the long-term consequences 

of early life exposures that operate at different stages during fetal development and 

childhood, or even in previous generations.

1.1.2 Fetal, infant, and childhood exposures and adult health

Height is an indicator of early environment. While many studies of stature-disease 

relationships focus on final adult height, growth in childhood may also be important in
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relation to adult disease as childhood height is more sensitive to early environment than 

final adult height.

Nystrom Peck and Vagero reported only a slight reduction in the height-mortality 

association after controlling for adult social class, suggesting that the connection between 

height and mortality is established at a young age. Impaired postnatal growth has been 

found to be associated with increased blood pressure cardiovascular disease and 

poor cognitive function The risk of hip fracture in adult life was also greater for those 

with poor height gain in childhood, independent of maternal height and socio-economic 

status Whereas the risk of having a stroke was increased by accelerated growth in height 

during childhood

Early life circumstances, both before birth and during childhood, have a life-long health 

impact. It has been suggested that some adult diseases are affected by socio-economic 

conditions in childhood, rather than the continuity of disadvantage throughout life Leg 

length, which is a component of height and sensitive to early environment has been 

found to be inversely associated with risk of cardiovascular mortality and insulin resistance 

among adults and positively associated with risk of cancer in later life

Poor growth in childhood resulting from adversity in early life may underlie the 

relationship between adverse early exposure and cardiovascular diseases and respiratory 

diseases Conversely, it has also been argued that the increasing risk of cancer

may be related to a high calorie intake during the growth period This evidence has 

implicated improved socio-economic environment, nutrition and growth in childhood as 

influences on health in later life.
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Figure 1.1 Direct and indirect effects of early exposures on adult disease

Growth Adult height

Adult disease

Figure 1.1 shows the pathways through which childhood exposures might affect adult 

disease. Children living in adverse early life conditions have poorer growth, which in turn 

may lead to shorter stature in adulthood. Reduced adult height is linked to adult mortality 

and morbidity. Since adult height remains unchanged once achieved, the stature-disease 

relationship is possibly explained by the impact of childhood growth on adult diseases. It is 

also known that poor early environment has a direct impact on adult disease, independent 

of childhood growth. For example, fetal environment is found to be associated with 

cardiovascular disease risk factors, independently of height growth in childhood The 

association between early exposure and later disease may also be modified by later growth. 

Thus early exposures can have either a direct impact on adult health, or an indirect effect, 

through childhood growth and adult height. Early life circumstances not only influence 

growth, but also are key determinants of later health There is a range of prenatal and
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childhood factors representing early exposures that have been found to be associated with 

height. Birthweight is a marker for nutrition and environment in utero Parental social 

class and education are indicators of some socially patterned exposures during fetal 

development, infancy, and childhood. Household tenure or crowding, and family size (birth 

order and number of younger siblings) are markers of exposures to infection as well as 

socio-economic conditions. Household crowding is also associated with sleep disturbance 

and stress. It is known that growth retardation at any stage of development may contribute 

to short adult stature But neither the early exposures nor the critical period when growth 

is affected are well characterized. One way of further investigating stature-disease 

associations is to study the relationships between early life factors and height at different 

stages to identify the age when these factors start to operate and are the strongest, in order 

to determine the “critical period” for these early life exposures in relation to adult diseases.

1.2 Height

Height at a given age and the tempo of growth (maturation) are partly genetic and partly 

environmental As illustrated in Figure 1.2, factors that have an impact on height start to 

act in childhood. Their impact on final achieved height can be mitigated by catch-up 

growth and the extension of the growth period as some factors also influence the age of 

maturation. For example, children living in unfavourable conditions in early life tend to be 

shorter in pre-pubertal years, mature later, continue to grow for a longer period, and are not 

necessarily short as adults We would expect therefore, childhood height to be a better 

indicator of socio-economic circumstances in early life than adult height. Growth of 

children and youth has been recommended by the World Health Organization as one of the

18



best indices of health and nutritional status of a population Secular trends in height and 

changes in the early life influences on height are therefore important in relation to trends in 

health status and socio-economic conditions in the population.

Figure 1.2 Direct and indirect relationships between early life circumstances and adult height

Age of maturation

Childhood growth Final adult heightEarly life circumstances

1.2.1 Phases of growth

Adult height is influenced by fetal development (indexed by birthweight) and growth 

during infancy, childhood, and adolescence (puberty). Pregnancy is the start and an 

important part of human growth due to the high growth velocity during fetal life. Fetal 

growth is influenced by maternal factors such as parity, maternal age, maternal smoking, 

and maternal height
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Growth during infancy is characterised by rapid growth, with the velocity as high as 28 cm 

in boys and 26 cm in girls in the first year of life, during which body length increases by 

about 50%

Childhood growth begins during the second year of life. Children grow an average of 12-13 

cm or so in the second year The growth velocity then declines slowly until the start of 

puberty, with the rate falling to about 4 cm per year

Puberty is the final phase of growth. During this period, the growth velocity accelerates 

dramatically, reaching a maximum of about 12 cm per year The adolescent growth spurt 

typically begins around the ages of 10 or 11 in girls and with a peak velocity at about age 

12, gaining a total of about 16 cm during the spurt. In boys the growth spurt begins at age 

12 or 13, reaches a peak at about 14 years, and gains about 20 cm during the final growth 

spurt The timing of the onset of puberty varies and is regulated by genetic and 

environmental factors The growth spurt is followed by a rapid slowing of growth: girls 

reach 98% of their final height by ages 16 to 17 years, whereas boys reach the same stage 

between 17 and 18 years However, there is wide variation around the mean age at which 

adult height is attained.

Up to the time of the growth spurt, there is little difference in mean height between boys 

and girls. Since the growth spurt begins earlier in females, at about 11 years girls are taller 

than boys. By the age of 14 years, boys have overtaken girls in height and remain taller 

thereafter
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Human growth is usually displayed as a growth curve divided into several different growth 

phases. The velocity is not constant at different stages. The cut-off points and the number 

of phases depend on the purpose of the study There are several non-linear models to 

describe the whole growth process, from birth to adulthood. Amongst the most frequently 

used models are infancy-childhood-puberty (ICP) growth model triple logistic model 

and Jolicoeur-Pontier-Pemin-Sempé (JPPS) growth model all indicating three 

phases of growth. These models are used to monitor or assess growth of children and they 

all require frequent height measures throughout the growth period.

1.2.2 Factors influencing height

A large number of studies have shown that height depends on a number of interacting 

factors, such as genetics, health, emotional well-being, and social environment in 

childhood. Selected studies concerning the influences of genetic and socio-environmental 

factors on height are summarised in Table A1.2 (Appendix 1).

Maternal and paternal heights are indicators of the genetic potential of a child and have 

been found to have strong influences on offspring’s height, as shown in Table A 1.2 .

Parental height also represents their own childhood environment Mid-parental

height in particular is widely used to assess growth of children within the normal range of 

height Age o f the mother at childbirth has been found to be associated with the height of 

the child in several studies, with children of younger mothers tending to be shorter than 

others, independent of other social environmental factors, although the difference is small

57;61
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Fetal growth is sensitive to environment. Factors affecting birth size include size of parents, 

length of pregnancy, maternal illness (e.g. high blood pressure can lead to lower 

birthweight, while diabetes can contribute to higher birthweight), maternal nutrition and life 

style during pregnancy (i.e. smoking, drinking, and some drugs can all have a significant 

negative effect on offspring birthweight), and birth order (later-boms are on average 

heavier than first-borns). Therefore birthweight is the outcome of both genetic and social 

environmental influences. As shown in Table A1.2, the strong effect of birthweight on 

postnatal growth and final height has been found in many studies. Infants with lower 

birthweight are more likely to remain shorter throughout childhood, especially those who 

are intrauterine growth retarded rather than premature Conversely, infants with higher 

birthweight are likely to remain taller.

Factors that result in reduced birthweight may also have a long lasting influence on growth 

57;58;6i;62;65 example, the impact of maternal smoking during pregnancy on fetal growth 

is well accepted It has also been suggested that throughout childhood and even in early 

adulthood, the growth attained by children of mothers who smoked is less than that of 

children of non-smoker mothers although the evidence regarding the long-term

influence of smoking on human growth is inconsistent as some studies also show that 

maternal smoking has little effect on height How maternal smoking interferes with 

growth of children is relatively unexplored, with some studies suggesting that smoking has 

a causal effect on growth retardation in childhood, while others indicate that the effect of 

smoking on height is attributable to socio-economic circumstances, which are potentially 

major confounders. It remains unclear whether the deficits observed in childhood are 

extensions of the growth retardation experienced during fetal growth or whether they occur 

independently of fetal growth retardation.
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Breastfeeding has been shown to provide not only nutritional essentials during infancy 

but also some protection against infection which is known to affect growth, especially in 

developing countries Yet, there are also studies showing that there is no relationship 

between breastfeeding and height even during infancy, especially among babies whose 

alternative feeding is infant formula Long-term effects of breastfeeding on growth are 

less consistent, with some studies showing a significant impact of breastfeeding on growth 

in height and others finding no evidence of a relationship It is possible that

the impact of breastfeeding has changed over time. Thus a study of a recent sample will 

help our understanding of the benefit of breastfeeding on growth in height in the current 

society.

Adverse social circumstances in early life are related to slow growth and short adult stature 

As illustrated in Table A l.2, family size has been associated with height of children in a 

number of studies, with children from larger families tending to be shorter than children 

from smaller families, although those from larger families are heavier at birth There is 

also evidence that family size influences height partly through its influence on the tempo of 

growth Family size is sometimes divided into two variables: birth order and number o f 

younger siblings, both of which are negatively associated with height in childhood and 

adulthood (Table A1.2) There is also evidence to suggest that the effect of number of 

younger siblings on height is attributable to socio-economic conditions

It has long been recognized that social class o f origin, most frequently defined as father’s 

social position, is associated with stature both in childhood and adulthood Children 

from higher social classes tend to be taller than those from lower classes, with social 

gradients in height still existing in many populations. As demonstrated in Table A1.2, there
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is evidence to suggest that social differences have become smaller in several countries (e.g. 

Sweden and Norway In a study of parents and children of the 1946 and the 1958 

cohorts, social class differences in height have diminished gradually in boys There is

little evidence on current trends in height inequalities in Britain.

Maternal education has been associated with height of children, although results are not 

consistent, with some studies showing a difference in height between children of mothers 

with higher and lower education and others showing no evidence of a relationship (Table 

A 1.2). Such inconsistencies may be due to the broad groups used in the comparison

Associations between housing conditions and physical development have also been 

observed in many studies. In Britain, children from owner-occupier households are 

significantly taller on average than those living in council rented accommodation, even 

after allowing for social class, family size, household crowding, amenities, and region 

Children living in over-crowded conditions are shorter on average than those living in 

uncrowded conditions Family income is also found to be associated with height, with 

children from families receiving benefits tending to be shorter on average than those who 

are not Poverty has been associated with the development of children

In addition, it is now suspected that adverse psychosocial circumstances and family 

environment can retard children’s physical development. Children with enuresis, a marker 

of emotional disturbance, are significantly shorter than other children even after adjusting 

for parental height and social environmental factors (Table A1.2) Family distress 

(caused for example by parental death) is associated with early puberty, which is in turn 

associated with shorter final stature in girls Similarly, measures of family conflict are

24



associated with slow growth in childhood, independently of social class, crowding, sex, and 

predetermined height Abuse and neglect are associated with short stature and limb 

disproportion in children Child abuse, which may take the form of emotional or physical 

abuse can limit growth and cause serious physiological problems for the rest of the child's 

life. Wales et al (1992) suggested that a combination of emotional and environmental 

factors, possibly with chronic sleep disturbance, act through the hypothalamus to decrease 

nocturnal growth hormone release

Childhood illness may also decrease the rate of growth, although results are not consistent. 

Several studies show associations between height and respiratory symptoms and illness 

such as wheeze, bronchitis and asthma but others show no significant difference in

height between asthmatic and non-asthmatic children after allowing for social class and sex 

Common illness in childhood do not appear to affect height either in the short or the 

long-term, but chronic illness may do so The long-term effect of childhood illness has 

not yet been determined.

There are also regional and seasonal differences in height. For example, Scottish children 

are shorter than English children on average Children from Southern England are 

taller than those from the North Seasonality in growth has been found in both developing 

and developed countries. Growth rates tend to be faster in spring and summer than autumn 

and winter, although this rate change can be very small The mechanisms of seasonal 

variation are still unclear, and may differ between developing and developed countries
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1.3 Secular trends in height

Secular trends in height are continuing in many populations and are attributable 

predominantly to an increase in leg length rather than trunk length Although the 

mechanisms underlying secular trends in growth are not fully understood, environmental 

factors are believed to be major causes.

1.3.1 Adult height

Table A 1.3 (Appendix 1) provides a summary of secular trends in childhood and adult 

height (cm per decade) in selected countries. Results on adult height are also illustrated in 

Figure 1.3. Secular trends in adult height have varied from 0.3 cm to 3.1 cm per decade, 

depending on the population and the period of observation For example, the secular 

trend in Japan was very high between 1950 and 1960 (3 cm per decade) and is now at 1 cm 

In the Netherlands, the rate of secular increase declined gradually from 2.7 cm per 

decade between 1955 and 1965 to 1.3 cm per decade between 1980 and 1997, for men and 

women (Figure 1.3) The secular trend has not stopped in any of the countries listed, 

although it is small in some countries. The smallest increase in adult height was observed in 

Norway and Sweden (0.3 cm/decade) However, the trends of increasing height tend 

to be greater among short groups. As shown in Figure 1.3, an increase up to 2.7 cm per 

decade was observed among Portuguese men bom between 1952 and 1962.
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Figure 1.3 Secular increase per decade (period of study) in adult height in selected countries 

Males ■ ,  females IÜ, or both □

Hungary(76-85)F 

Czech Republic(73-82)F 

Japan(50-60)M 

Portugal(70-80)M 

Netherlands(55-65) 

Hungary(76-85)M 

Crotia(82-91)F 

Spain(55-85)F 

Spain(55-85)M 

Netherlands(65-80) 

Poland(86-95)M 

Portugal(80-96)M 

Crotia(82-91)M 

Netherlands(80-97) 

Britain(1892-1958)M* 

Japan(80-90)M 

Portugal(40-60)M 

ltaly(1874-1960)M* 

Austria(80-93)M 

Britain(1892-1958)F* 

Sweden(52-82)M 

Norway (75-85) F cm
3,5

* year ofbiilh
Source: compilation of data from studies summansed m Table A1 .3

In Britain, the mean trend for a sample bom over the period from 1892 to 1958 (parents and 

offspring in the 1946 and 1958 British birth cohorts) was 1.1 cm per decade for men and 

0.4 cm for women

1.3.2 C hildhood height

Most of the adult trend has occurred in early childhood Little or no secular trend was 

found in birth weight although there is some indication of a trend towards heavier
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births and increasing low birthweights The secular increase in height is due 

predominantly to an increase in leg length, which is the most rapidly growing part of the 

body during early childhood when the impact of the environment is at its greatest 

Secular changes in height have occurred simultaneously with secular changes in tempo of 

growth, with menarcheal age falling steeply Thus height trends tend to be greater in 

childhood than in adulthood and adult height is reached at an earlier age The secular 

change in childhood height is therefore due at least in part to a secular change leading to 

earlier maturation, although there is evidence showing that menarcheal age has stabilized in 

some populations

Secular trends of increasing height in children have been observed in many countries as 

shown in Table A1.3 Increases in childhood height were seen in Dutch children aged 

6-18 years during the 1980s, For example, an increase equivalent to 2.6 cm for boys and 1.4 

cm for girls was evident at age 17 years (Table A1.3) In Sweden, the increase in height 

per decade for Stockholm schoolchildren bom in 1933, 1943, 1953, and 1963 was more 

marked between children bom in 1933 and 1943 than those bom later (Table A1.3). While 

mean height for 7-year-old boys increased by 0.8 cm between 1940 and 1950, it was almost 

unchanged between 1950 and 1970. For 13-year-old children the increase was 2.2 cm 

(boys) and 1.9 cm (girls) per decade between 1946 and 1966, but it was smaller between 

1966 and 1976 (0.9 cm per decade for boys and 0.8 cm for girls). In Norway, height 

increased by 4 cm per decade in 8 to 14 year old boys and girls in Oslo between 1920-40. 

There was a drop of about 1.5 cm during the war, and since 1950 height has increased only 

moderately In Germany, the trend for 6-year-old Bremerhaven children bom between 

1968-87 was 0.7 cm per decade for boys and 0.5 cm for girls Table A1.3 shows that a 

rapid increase in growth (associated with an increase of leg length) of Japanese children
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occurred after the Second World War, due mainly to better nutritional status associated 

with a rapid improvement of socio-economic conditions

In Britain, the secular trend in height continued with English children in most age 

groups (5-11 years) increasing in height by more than 1 cm and in Scotland by more than 2 

cm during the period 1972 tol994 The increase is greater at older than younger ages 

among English boys and girls, indicating the secular trend towards early maturation. Rona 

and Chinn (1984) found that about 50% of the increased height from 1972 to 1979 for 

English and Scottish children was accounted for by decreases in family size, with some 

contribution from increases in parental height and birthweight, but little from the change in 

social class distribution However, the recent trend towards increasing maternal age 

and the improvement of social and material conditions are likely to have contributed to the 

secular trend towards increasing height in Britain.

1.4 Timing of maturation

Puberty is a period of rapid skeletal and sexual maturation. Breast development, pubic hair, 

and the onset of menstruation are most prominent characteristics of sexual maturation in 

girls, whereas growth of testes, genitalia, and pubic hair are indications for sexual 

maturation in boys Menarche, or first menstruation, is considered as the technical start 

of puberty for girls and is an important indicator of physiological and psychological 

development. Like height, age of menarche is also a health indicator. For example, early 

maturation in girls is an established risk factor for breast cancer and overweight
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Age of menarche has also been used as an indicator of socio-economic circumstances in 

early life and it is considered to be the best measure for secular changes in the

tempo of growth

1.4.1 Secular trends in timing of maturation

The onset of puberty has shown a trend towards a lower age in many populations, although 

this trend seems to have halted in many parts of the world. In America, a study comparing 

height and pubertal development of 8-18 year old boys in a 1988-94 survey to the 1963-70 

survey showed that differences in height between the two samples existed only among 

younger boys, with those from the recent survey being taller. Boys from the recent sample 

also matured earlier than those from older sample, suggesting a faster growth rate and 

earlier maturation in the younger generation A recent American study showed a racial 

difference in the rate of the secular change in menarcheal age between 1973 and 1994, with 

the median menarcheal age decreasing by 9.5 months among black girls and by 2 months 

among white girls Chinese schoolgirls in Hong Kong demonstrated a significant 

downward secular trend in sexual maturation with a median age of menarche of 12.4 years, 

which is earlier than many European countries A decrease in menarcheal age has also 

been observed in the Netherlands However, a stabilization of the age of menarche is 

found in some countries. In Norway, age of menarche was close to a stable level of about 

13.3 years since 1950 In Belgium the secular trend has stopped since the early 1960s 

while an increase was observed in Sweden
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1.4.2 Factors influencing timing of maturation

The age of onset of puberty is influenced by genetic and environmental factors, as well as 

race, geographical location, and early nutrition Mother’s age at menarche is positively 

associated with daughter’s age at menarche, though the relationship is weak (r=0.19)

Tall maternal stature is associated with later menarche However, environmental factors 

seem to be important, with higher socio-economic status and smaller family size being both 

associated with earlier maturation The age of onset of puberty differs between races. 

In America, the mean age at menarche was reported at 12.1 years for black girls, 12.2 years 

for Mexican American girls, and 12.7 for white girls Seasonal variation in incidence of 

menarche has been found, although the effect is small

Recent evidence has suggested that prenatal exposures may be linked to age of maturation 

I30;i33;i34̂  with some studies showing that those with higher birthweight have a later 

menarche In the 1946 cohort. Cooper et al (1996) found opposite trends of 

birthweight (intrauterine growth) and weight at seven (postnatal growth): girls who were 

heavier at 7 years had an earlier menarche, but those who were heavier at birth had 

menarche at a later age A study of Filipino infants bom in 1983-84 showed that 

birthweight alone was not significantly related to age of menarche, but being relatively long 

and thin at birth (> 49 cm, < 3 kg) was associated with an earlier menarche, even after 

maternal nutritional status during pregnancy, girl’s current diet, and socio-economic 

indicators were taken into account

Influences during the period around or after birth may also affect the timing of menarche 

Faster growth rate (weight or height) in early infancy is associated with an early 

menarche In the 1946 cohort, the effects of birthweight and growth in infancy on the
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timing of menarche seem to be mediated through growth in early childhood indicating 

that the timing of menarche may be set in utero or infancy, though mediated through early 

childhood growth. However, studies on intrauterine, early postnatal, and childhood growth 

remain scarce and further research is needed to improve our understanding of their 

interrelationships.

More work is also needed to explore how the early environmental factors influence growth 

trajectories, timing of maturation, and final height. For this research, longitudinal data are 

needed with information from birth at least to attainment of adult height. A birth cohort is 

an ideal study design as it usually starts at birth or even before birth, with data collected 

prospectively throughout the life-course. Such studies therefore offer unique opportunities 

for testing life-course hypotheses.

1.5 Methodology in life-course studies

The main advantage of a birth cohort study is that psychosocial and biological exposures 

are usually measured repeatedly Information is available from many stages of life, 

from the start to later life, on the same sample of people and more complicated questions 

can be addressed. For example, outcomes can be investigated in terms of change with time 

(e.g. change in height or body weight); later health outcomes can be explored in relation to 

an early life risk factor or risk factors that have accumulated throughout the life-course, and 

the temporal sequence of exposure variables and their inter-relationships with the outcome 

measure can be identified directly or through intermediate variables. Longitudinal data also
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minimize potential sources of bias due to selection. In some instances, all cohort members 

may be at the same age and have the same broad social context.

1.5.1 Longitudinal data

In Britain, there are three established national birth cohort studies which comprise up to 

40,000 individuals across three post-war generations: the 1946 cohort (National Study of 

Health and Development), the 1958 cohort (National Child Development Study) and the 

1970 cohort (Birth Cohort Study), respectively All three studies now have information 

from birth to adulthood. Although there are some differences in emphasis, each study has 

collected information on a range of circumstances, experiences and personal characteristics 

relevant to development at different ages. Health is covered at all ages. More recently, the 

Millennium cohort has started with some 20,000 babies surveyed at age 9 months, who will 

be foliowed-up at around 3 years of age.

The 1958 cohort, including all births in one week in 1958, is used in the current study. 

Details of the sample and data collection are described in Chapter 2. The most distinctive 

advantage of the 1958 cohort is that it has information on three generations, namely, cohort 

members, their parents and offspring. The availability of this information allows direct 

measurement of secular trend in some measures, such as growth. Furthermore, it provides a 

unique opportunity to investigate whether influences on height have changed over time, i.e. 

across generations. Even with detailed information from birth onwards, life-course study is 

both theoretically and methodically complex.
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1.5.2 Statistical approaches

Multiple regression is commonly used in life-course analysis for studying a simple 

relationship between early exposures and a later outcome, such as height, morbidity or 

mortality. The association between early exposures and the later outcome is usually assessed 

first, and then exposures from later life stages are entered into the model, to examine (1) 

whether the effects of early exposures act independently of or are modified by later exposure 

measures, or (2) whether the effect of later exposures act in addition to the early life 

exposures. However, life-course hypotheses can be complicated. For example, the temporal 

ordering of exposure variables and their inter-relationships are difficult to disentangle with 

methods such as multiple regression models. In particular, life-course analyses sometimes 

require repeated outcome measures and repeated exposure data. Traditional statistical 

techniques may not be adequate and more complicated techniques may be required for 

dealing with life-course studies.

When response variables are measured repeatedly, the within-individual variation in these 

measures needs to be accounted for in the analyses. There is a large literature for analysing 

repeated outcome variables, such as random effect models or marginal models fitted 

using generalized estimating equations Life-course studies may also include linking 

repeated or time dependent exposure variables to a single later life outcome, and in this 

instance G-estimation is sometimes useful In other instance, testing of life-course 

hypotheses can involve causal pathways over different life stages, and here structural 

equation modelling or latent variable models (or latent class analysis) are useful when 

dealing with complicated pathway relationships Life-course research also includes 

cross-generational studies. When two generations are from the same families, the fact that 

individuals are clustered within a family needs to be taken into account in the analysis.
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The methodological approach for analysing changes in health and related influences over 

time also needs to take account of several potential problems of cohort data or longitudinal 

data. First, the measurements may change over time (e.g. cognitive function, which 

normally changes with age) and therefore a standardised measure, which is independent of 

time, is required. Second, in cohort studies there are often large time gaps between 

measurements and not many repeated measures. Consequently, growth or social trajectories 

can be modelled only very crudely. More importantly, the measure at a vital time point, for 

example, the start of the growth spurt or the maximum growth velocity, may be missing. 

Third, the sample size of a cohort study is often not large enough for less common diseases 

and as a result the power of any study will be affected when studying the relationship 

between the exposure and the health outcome. To illustrate, in a study of the relationship 

between childhood development and adult schizophrenia in the 1946 cohort, only 30 cases 

were identified between ages 16 and 43 years from over 5000 subjects and this limits the 

statistical power or the strength of conclusions draw from the cohort. For example, having 

below average mothering skills was a predictor of schizophrenia, with an odds ratio of 5.8, 

but the 95% confidence interval for the odds ratio was between 0.8 and 31.8. Furthermore, 

loss of individuals to follow-up may introduce a source of bias. It has been argued that 

cohort studies in support of the fetal origins and life-course hypotheses could often trace 

only a small proportion of the original study sample .

Sample attrition and missing data are unavoidable in a long running cohort study, which 

can lead to problems regarding validity of results obtained from analysis. It is therefore 

important to make every effort to ensure high response rates in follow-ups. When the 

response is incomplete, it is important to determine whether a missing data item can be 

considered as a random event, or it is informative and the result of a non-random
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mechanism (§3.3.1). Possible approaches to deal with missing data when missing is at 

random include: (1) imputing each missing item with a value predicted from the observed 

data (i.e. multiple imputation). Standard methods of analysis can then be carried out as if 

data were complete, or (2) adopting a statistical model that provides efficient estimation for 

incomplete data if missing is at random. When missing is informative, one possible 

approach is imputation for missing values based on the non-random missing patterns

1.5.3 A life-course approach to growth in height

As demonstrated in §1.2.2, the possible contributions of genetic, prenatal and childhood 

environmental factors on growth and final height have been explored extensively, but 

almost all studies focus on height at one particular age. There are very few longitudinal 

analyses of these relationships In particular, the effects of early environmental

influences on growth trajectories have been neglected. Studying the early influences on 

childhood height at one age does not tell us, however, whether similar influences on final 

height can be expected, because it is uncertain to what extent differences in growth during 

one part of childhood will be compensated for by catch-up growth during a later period, 

and/or by an extension of the growth period Furthermore, a longitudinal approach 

allows us to explore whether the effect of an early life factor stays constant or changes with 

time. Therefore, determining the ages when the impact of early influences start and are the 

strongest is particularly valuable for identifying the “critical period” of early exposures for 

adult diseases. A study of early influences on growth at different stages may contribute to 

our understanding of the biological and social mechanisms which underlie the stature- 

disease association.
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There has been little evidence so far on whether early environmental factors that were 

important for past generations are still relevant today. This issue is important because 

inferences made from studies of the current generation provide evidence for the future 

health inequalities. Secular trends in height have been found to be greater among children 

from lower socio-economic backgrounds, among shorter populations, and in developing 

countries However, evidence of diminishing height differences between social groups is 

not entirely consistent Little is known about how social differences in height have 

changed over time in Britain.

The 1958 British birth cohort, a large national representative sample, with information on 

height, social position, and other potential influences on growth across three generations, 

provides a unique opportunity to explore early influences on growth at several stages of 

childhood, age of maturation, and final achieved height in detail in one generation, i.e. the 

cohort bom in 1958. As cohort members were bom over four decades ago, the relationships 

between social environmental factors and height found in the 1958 cohort may not reflect 

the circumstances in the current society but they can still be valuable for understanding 

relationships between fetal and early exposures, early growth, and adult health outcomes in 

contemporary society. Furthermore, data on the offspring of the cohort enable us to assess 

recent growth trends and current inequalities in children’s height in Britain, which in tum 

are likely to affect future inequalities in adult health.

Previous analyses of the 1958 cohort have identified a range of early life factors associated 

with height, including parental height, matemal smoking during pregnancy 

birthweight family size (parity and younger siblings) matemal age social class 

region family income housing tenure household crowding family
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conflict and enuresis Importantly, these studies were all based on analyses in which 

the relationships were assessed for height at a specific age. Although it is recognized that 

many of these factors influence not only height as already discussed (§1.2.2), but also the 

tempo of growth, there has been no study relating early life factors to growth trajectories of 

the 1958 cohort.

1.6 Objectives

The main objectives of this thesis are:

1) to establish the impact of early environmental factors and childhood health on growth 

trajectory and pubertal development, and to a lesser extent to assess the impact of 

genetic influences as indexed by parental height. A main focus here is to identify the 

life stages when these influences started and are at their strongest;

2) to compare early life influences on height in two generations, that is, in the cohort 

generation and in their offspring, in order to determine whether the impact of early 

environment has changed over time; and

3) to assess whether social inequalities in height have varied with age or over time, by 

exploring (a) the impact of social class on height from childhood through to adulthood 

and (b) the effect of social class on childhood height in the cohort members and their 

offspring.
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Methodologically, the questions to be addressed are complicated. Objectives (1) and (3) 

require longitudinal analyses of early life influences on growth, while the cross- 

generational comparisons for objectives (2) and (3) pose an additional challenge, since not 

only are offspring from same families, but also the characteristics of cohort members and 

their offspring will be correlated. For these reasons, traditional statistical methods are likely 

to be inadequate and more complex methods are required to take into account the within- 

and between-generation correlations. There is a wide range of models that deal with 

hierarchical data. However, not all of them are appropriate for our study purposes and the 

unique data structure. Therefore, an additional methodological objective of the thesis is:

4) to explore statistical methods that are suitable for assessing the longitudinal effects of 

early life influences on growth and comparing these influences across two generations 

taking into consideration of the complex data structure.

In Chapter 2, the 1958 cohort and their offspring are described and the responses and 

representativeness of the two generations are examined. Details of height measurements, 

early life factors and derived measures, such as height standard deviation scores are also 

identified and data handling is discussed. Chapter 3 describes statistical methods that are 

relevant to life-course analyses, with a focus on multivariate response models for studying 

the growth trajectory and multilevel models for cross-generational comparisons. The 

applications of these models to the subsequent analyses are discussed.

Chapter 4 presents the analyses on influences of early environmental factors, childhood 

health and parental height on age of maturation and height at different ages, to determine 

their influence on growth trajectory, whilst Chapter 5 compares the influence of early life
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factors on height in two generations to establish whether relationships have changed over 

time. In Chapter 6, social inequalities in height are investigated among cohort members, 

from their childhood through to full height in adulthood. In addition, social class 

differences in childhood height are compared across generations, the cohort members and 

their offspring, to establish whether inequalities in height have narrowed in the younger 

generation. Finally, in Chapter 7, the findings and methodology applied are reviewed, and 

the contribution of this study and potential area for future development in relation to life- 

course influences on adult health are highlighted.
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Appendix 1

Table A l.l  Adult height and mortality/morbidity risk for various diseases (selected studies)

Study Disease Height categories (cm) Men Women

related to short stature

Nystrom Peck & Vagero s m r ‘
All-cause mortality Short 145-174(m) 129-162(f) 102 107

Medium 175-180(m) 163-167(f) 103 95
Tall 181-206(m) 168-186(f) 90 92

Coronary heart disease 107 120
98 80
86 74

Cardiovascular disease 101 111
106 86
88 94

Gunnell et al HR̂
Coronary heart disease Lowest vs highest quintile of 2.50 3.90

childhood leg length
Goldbourt & Tanne

Stroke < 162 cm vs > 172 cm 1.54

Wannamethe et al RR̂
Fatal stroke <167.7 cm vs >  178.9 cm 2.08
Coronary heart disease 1.61

Davey-Smith et al
All cause mortality Per 10 cm decrease in height 1.13 1.19
Coronary heart disease 1.14 1.29
mortality
Stroke 1.32 1.23
Respiratory diseases 1.45 1.75
Stomach cancer 1.43 1.54
Breast cancer - 1.13

McCarron et al
Fatal ischaemic stroke Per 10 cm decrease in height 1.85

Hart et al
Stroke mortality Per SD decrease in height 1.21 1.13

Davey-Smith et al OR"*
Coronary heart disease Per SD decrease in height 1.11

McCarron et al HR̂
Cardiovascular disease Per 10 cm decrease in height 1.30
mortality
Coronary heart disease 1.33
mortality
Stroke 1.32
Respiratory disease mortality 1.47
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Table A l.l  Adult height and mortality/morhidity risk for various diseases (selected studies) (cent.)

Study Disease Height categories (cm) Men Women

related to tall stature

Albanes et al RR̂
All-site cancer 2nd yg 2 St quaptije 1.60

3"* vs 1*‘ 1.50
4“' vs 1*‘ 1.60

Meyer et al
Hip fracture <155 cm vs >  170 cm (f) 2.92 3.62

<170 cm vs >  185 cm (m)
Davey-smith et al

Colorectal cancer Per 10 cm increase in height 1.41 1.25

Davey-smith et al RR®
Smoking unrelated cancers >72 in vs <66 in 1.33

Gunnell et al HR̂
Cancer Lowest vs highest quintile of 0.50 0.9
Prostate cancer childhood leg lengüi 1.30
Haematopoietic cancer 1.59 2.22

' standardised mortality ratio adjusted for age and childhood socio-economic group 
 ̂ hazard ratio 
 ̂ risk ratio adjusted for age 

* odds ratio adjusted for age 
 ̂ hazard ratio adjusted for age

® risk ratio adjusted for age, employment grade, and smoking
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Table A1.2 Influences on height (selected studies)
Factors Country Birth

year
Categories Age Difference

Genetic factors Men Women Both

Mid-parental height t2 Britain ** 1946 Increase per cm 36 0.54'

Matemal height t2 Britain” 1958 7 0.30'

t4 England/Scotland 1976-82 5-11 0.05"

t4 Netherlands ” 1988-89 2 0.04"

t4 Czech Republic 1986-89 3-6 0.05"

Paternal height 14 England/Scotland 1976-82 5-11 0.04"

14 Czech Republic “ 1986-89 3-6 0.04"

14 Netherlands ” 1988-89 2 0.03"

Fetal/infancy factors

Matemal smoking 14 Britain 1958 Nonsmoker vs 10+/day 11 1.00'

14

11

Britain ”  

Canada

1958

1980-83

Nonsmoker vs heavy 
smoker

7

1

2

0.70'

-0.40"

-0.04"*

14 Czech Republic 1986-89 Nonsmoker vs smoker 3-6 0.02"*

11 Norway&Sweden 1986-88 Birth 0.80'

11 5 0.50'*

Birthweight 14 Britain 1946 Increase per kg 36 2.26'

14 Britain 1958 7 2.10'

14 England/Scotland 1976-82 5-11 0.33"

11 USA 1975-84 2-5 0.50"

14 Netherlands ” 1988-89 2 0.47"

14 Czech Republic “ 1986-89 3-6 0.34"

Gestation 14 Britain 1958 38-42 vs <38wks 7 2.90'

15 England/Scotland 1976-82 5-11 -0.15"

Breastfeeding 12 Britain ** 1922-37 Breasrfed vs bottle fed 2-14 0.20" 0.14"

12 Britain 1922-37 Adult 2.50' 1.00'

14 Britain 1946 Ever vs never Adult 0.09"̂

14 Britain 1970 >2mths vs never 7 0.20'*

14 Czech Republic 

Zambia

1986-89

1979-86

Ever vs never 3-6

0-5

0.01"*

Early environment 
factors
Matemal age 11 Sweden 1933 Increase per year 10 0.02' 0.03'

11 Sweden 1943 10 0.06' 0.05'

11 Sweden 1953 10 0.07' 0.05'

11 Sweden 1963 10 0.34' 0.32'

14 Britain ” 1958 <25 vs 25-34y 7 0.60'

14 England/Scotland 1976-82 > 32 vs < 19y 5-11 0.12"
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Table A1.2 Influences on height (selected studies) (cent.)
Factors Country Birth

year
Categories Age Difference

Men Women Both

Crowding t2 Britain 1923-37 Increase per person 2-14 -0.07^

t l Sweden 1933 10 -.0.50' -0.50'

t l Sweden 1943 10 -.0.20' -0.20'

t l Sweden 1953 10 -.0.20' -0.30'

t l Sweden 1963 10 -.0.20' -0.20'

t4 Britain 1946 <1.5 vs >1.5 36 0.84'

t3 Britain 1958
persons/room 
< 1 vs >2 persons/room 7 3.07^

t2 Britain 1958 <1.5 vs >1.5 16 1.60' 0.50'*

t4 Czech Republic 1986-89
persons/room 
< 1 vs >1 persons/room 3-6 0.01"*

Housing tenure t2 Britain 1958 Owner vs council rental 16 1.00' 0.70'

Household amenities t2 Britain 1958 Sole vs others 16 0.40'* 0.60'*

Family size t l Sweden 1933 Increase per child 10 -0.60' -0.60'

t l Sweden 1943 10 -0.60' -0.60'

t l Sweden 1953 10 -0.40’ -0.40'

t l Sweden 1963 10 -0.50' -0.50'

t2 Britain 1923-37 2-14 -0.06^ -0.06^

t2 Britain 1958 1 vs >3 children 7 3.90' 3.10'

t2 Britain 1958 11 3.80' 4.10'

t2 Britain 1958 16 3.50' 1.80'

t4 England/Scotland 1976-83 1 vs >4 children 5-11 0.35"

Birth order t4 Britain 1946 Increase per child 36 -0.82'

Parity t2 Britain 1958 0 vs >2 7 2.40' 2.10'

t2 Britain 1958 11 2.50' 2.60'

t2 Britain 1958 16 2.90' 2.60'

t4 Britain 1958 7 2.80'

t4 Netherlands 1988-89 <2 vs ^ 3 2 0.28"

N of younger 
siblings

t4

t2

Britain

Britain

1946

1958

Increase per child 

0 vs >2 siblings

36

7 2.60' 2.40'

-0.63'

t2 Britain 1958 11 3.30' 3.00'

t2 Britain 1958 16 3.30' 1.10'

t4 Britain 1958 0 vs >1 siblings 7 1.10'

t l Sweden 1981 <2 vs ^ 2  siblings 10 O'* 0.20'*

44



Table A1.2 Influences on height (selected studies) (cent.)
Factors Country Birth

year
Categories Age Dinerence

Men Women Both

Social groups t l Sweden 1933 I vs n r 7 1.20' 1.80'

t l Sweden 1943 7 1.40' 1.20'

t l Sweden 1953 7 0.10'* 0.50'*

t l Sweden " 1963 7 1.60' 0.80'*

t l Sweden 1933 More vs less privileged ’’ 10 3.20' 3.20'

t l Sweden 1943 10 2.10' 2.40'

t l Sweden 1953 10 0.40'* 0.90'*

t l Sweden 1963 10 1.80' 1.90'

t l Sweden 1981 10 1.10' 0.20'*

t l

t l

Norway

Norway

1906

1941

Higher schools vs 
compulsory schools

14

14

3.80'

1.00'

t l Finland 1953 10 4.50' 4.40'

t l Finland 1981 10 1.40' 0.60'

Social class t2 Britain 1923-37 I&n vs V 2-14 0.38^

t4 Britain 1946 Increase per category (I-V) 36 0.42'

t l Britain " 1946 l&II vs IV&V 7 2.30' 2.40'

t l Britain 1946 11 2.20' 2.40'

t l Britain 1958 7 1.60' 1.70'

t l Britain 1958 11 2.00' 2.00'

t4 Britain 1958 I&II vs V 7 1.30'

t3 Britain 1958 Ivs V 7 1.45^

t2 Britain 1958 I&II vs rv&v 7 2.20' 1.80'

t2 Britain 1958 11 2.30' 1.90*

t2 Britain 1958 16 2.10' 2.40'

t l Britain 1970 11 1.90' 1.30'

t l Britain 1980/81 7 1.20' 2.60'

t l Sweden 1980 Upper vs manual class 0-5 0.40* 0.60*

Mother’s 
employment 
Faüier’s education

t4

t4

England/Scotland

Britain

1976-82

1946

Employed vs unemployed 

Increase per category

5-11

36

0.19^

0.34'

Mother’s education t4 Britain 1946 36 0.62'

t4 Czech Republic “ 1986-89 University vs primary 3-6 0.3 r

t l Sweden 1981 More vs less educated' 10 0.80' 0.10'*

Region t4 England/Scotland 1976-82 England vs Scotland 5-11 0.07^

Latitude t4 England/Scotland 1976-82 Per degree north 5-11 0.03"
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Table A1.2 Influences on height (selected studies) (cent.)
Factors Country Birth year Categories Age Difference

Psychosocial factors Men Women Both

Distress tl Poland 1953 No vs yes 13 2.00'

Family conflict t3 Britain 1958 7 1.62"

Enuresis t4 Britain 1958 No vs yes at 7&1 ly or 11 1.50'
iiy

t4 Britain ” 1958 No vs yes at 7&1 ly or 16 0.90'
iiy

t4 Britain ” 1958 No vs yes at 7&1 ly or 23 1.10'
iiy

Childhood health

Respiratory symptoms t4 Czech Republic®® 1986-89 No vs yes 3-6 0.06^

difference in cm 
 ̂ difference in SDS
 ̂ odds of being in the lowest fifth at age 7 

tl unadjusted
t2 adjusted for environmental factors
f3 adjusted for environmental factors and adult height
t4 adjusted for environmental factors and parental height
t5 adjusted for environmental factors, birthweight, and parental height
* p>0.05
“ “groups I”-self employed, professionals, higher civil servants and executives and “group IIF’-manual workers 
’’ “less privileged”-manual class with more than one sibling and “more privileged”- non-manual with no 

more than one sibling
“less educated”-manual or non-manual occupations require less than 2 years of post-comprehensive school 
education, “more educated”-non-manual occupations require more than 2 years of post-comprehensive 
school education 
leg length
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Table A 1.3 Secular trends in height (increase per decade)

Country Study Period Age Increase

Adult height Males Females

Norway Meyer & Selmer 1926-41 1.8 1.9
Liestol & Rosenberg 1975-85 0.3

Sweden Lindgren & Hauspie 1952-82 0.3
Austria Weber 1980-93 0.5
Italy De Stefano & Froment 1874-1960 0.7
Britain Kuh et al 1946-58 0.6 0.4
Croatia Prebeg et al 1982-91 1.6 2.2
Portugal Padez & Johnston 1930-40 1.2

1940-50 0.7
1950-60 0.7
1960-70 1.1
1970-80 2.7
1980-96 1.8

Japan Takaishi 1950-60 3.0
1980-90 1.0

Netherlands Fredriks et al 1955-65 2.7*
1965-80 2.0*
1980-97 1.3*

Poland Bielicki et al 1965-76 2.4
1976-86 2.1
1986-95 1.8

Czech Republic Prebeg 1973-82 3.0
Spain Prado 1955-85 2.0 2.0
Hungary Gyenis 1976-85 2.2 3.1

Childhood height Boys Girls

England Cameron 1905-66 7.5 1.2 1.2
England Hughes et al 1972-94 5-11 0.7 0.6
Scotland 1972-94 5-11 1.3 1.2
Norway Brundtland 1920-40 8-14 4.0 4.0

1950-70 1.0 1.0
Sweden Cemerud&Lindgren 1940-50 7 0.8 0.2

1950-70 0.1 0.2
1943-73 10 0.9 1.2
1946-66 13 2.2 1.9
1966-76 0.9 0.8

Netherlands Gerver et al 1980-89 17 2.6 1.4
Germany Danker-Hopfe & Roczen 1974-93 6 0.7 0.5
Japan Takaishi et al 1950-60 6 3.5 2.8

1980-86 6 1.0 1.5
1950-60 12 7.5 6.7
1980-86 12 2.0 0.7

men and women are combined
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Chapter 2

Measures and sample representativeness

Two datasets used to investigate the associations between early environmental and genetic 

factors and growth are those concerning the 1958 birth cohort and the offspring. Height and 

social positions were obtained on three generations: cohort members (G2), their parents 

(Gl) and their children (G3). This chapter provides descriptions for the study samples 

(§2.1), the rate of response to the survey at each follow-up (§2.2), key variables and derived 

measures used in the study (§2.3), and data handling (§2.4). Potential problems of non

response and sample reprsentativeness are discussed in §2.5.

2.1 Study samples

The 1958 birth cohort is a continuing, multi-disciplinary longitudinal study, which includes 

all children bom in Britain between 3rd and 9th March, 1958 Information was obtained 

on about 98% of subjects from a target population of 17,733 births. The study had its 

origins in the “Perinatal Mortality Survey” and was designed to examine factors that were 

associated with stillbirth and death in early infancy. Cohort members were followed up at 7 

(in 1965), 11 (1969), 16 (1974), 23 (1981), and 33 (1991) years of age and most 

recently at age 41 years (1999-2001). Height and weight were measured at regular
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intervals. In 1991, information was collected on offspring (G3) of a random sample of one- 

third of the cohort (G2).

The 1958 cohort was designed to monitor the physical, educational, behavioural, social and 

economic development of the cohort and to study the change in health, social-economic and 

demographic circumstances and their interrelationships within and between generations

Immigrants bom in the study week were added to the target sample in the first three sweeps 

in 1965, 1969, and 1974 As shown in Table 2.1, information on the cohort was 

collected from a variety of sources. During the earlier follow-ups, data were collected from 

parents, schools (teachers and doctors), as well as from cohort members themselves. 

Additional collection of exam results was obtained from schools in 1978. At ages 23 and 33 

years, each study subject was interviewed. Partners of the subjects and their selected 

offspring were also interviewed in 1991. Unlike the earlier sweeps, no attempts were made 

to include new immigrants in the adult surveys in 1981 and 1991. The target samples for 

the adult surveys included anyone who had participated in at least one of the earlier sweeps.
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Table 2.1 Sources of data in the 1958 birth cohort study

1958
Birtht

1965 
Age 7

1969 
Age 11

1974 
Age 16

1978 
Age 20

1981 
Age 23

1991 
Age 33

1999 
Age 41

Target sample 17,733 16,724 16,134 15,798 16,906 16,066 15,761 14,857

Source of data

Mother Parents
School
Test

Parents
School
Test

Parents
School
Test

School

Medical Medical
Subject

Medical
Subject

Medical
Subject
Census

Subject
Census

Subject

Partner 
Offspring  ̂
Mother ̂

Subject

Achieved sample 17,415 15,425 15,337 14,647 14,370 12,537 11,407 11,419

t Prenatal Mortality Survey

* children of a random sample of one in three cohort members 

 ̂female cohort member or female partner of the male cohort member

At the 33-year follow-up, the majority of men (78%) and women (80%) were living with a 

spouse or partner whose information was also collected. A sample of one in three cohort 

families with children was selected entirely at random for the “Mother and Child Study” in 

1991. Mother figures for the offspring were interviewed. Information on family life, details 

of pregnancy and birth, health history, separations from the mother, experience of being “in 

care”, pre-school experience, schooling history, and experience of daycare for each child 

was recorded Information was obtained for 4271 children (G3). Among them 2547 

children (60%) were bom to female cohort members (n=1515) and 1724 (40%) were to 

male cohort members (n=1069).
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Figure 2.1 Offspring (G3) under or above 4 years by cohort members (G2)

■« 4yf bom to male CMs 
■0-3y born to male CMs 
a 4y+ bom to female CMs 
■0-3y born to female CMs

Children aged 4 years or older (/?=3095, 73%) were assessed with a series of age-specific 

tests of cognitive and behavioural development. A graphic display of children (G3) born to 

cohort members by age (0-3y or 4y+) is shown in Figure 2.1. More children were born to 

female cohort members than male cohort members, especially those aged 4 years or older 

(47% compared to 26%). The mother and child questionnaire was based on instruments 

used for the US “National Longitudinal Survey of Youth” (NLSY) of children born to 

women in a nationally representative sample between 1958 and 1965. Appropriate 

modifications were made for the British sample to enable comparisons of the 

determinants of healthy development of children in Britain and USA As described 

below (§2.3), children aged 4 years or older in the G3 sample were also weighed and 

measured during the 1991 interview.
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2.2 Response

2.2.1 Cohort members (G2)

Numbers of response at each sweep and reasons for non-response are provided in Table 2.2. 

The response rate has remained relatively high, although it declined from 98% in 1958 to 

72% in 1991, when information included in this study was collected. The greatest reduction 

of response occurred after age 16. The sample reduction is largely due to the increasing 

number of refusals and untraced subjects (both at nearly 12% at age 33). There are also 

losses through emigration and deaths; a total of 2768 subjects (15.9%) emigrated, although 

some of the emigrants at early ages returned later and were included in the later sweeps

(«=32). A further 598 (3.4%) cohort members had died by age 33 181

Table 2.2 Reasons for non-response in the 1958

NCDSl 

Age 7

NCDS2 

Age 11

NCDS3 

Age 16

NCDS4 

Age 23

NCDS5 

Age 33

n % n % n % n % n %

Data 15,425 87.9 15,337 91.1 14,647 88.2 12,537 76.1 11,407 69.8

Emigrated 421 2.4 688 4.1 785 4.7 392 2.4 482 2.9

Refused 80 0.5 797 4.7 1151 6.9 1194 7.2 1898 11.6

Dead 424 2.4 17 0.1 32 0.2 21 0.1 104 0.6

Untraced 1193 6.8 - - 1902 11.5 1927 11.8

Traced no interview - - - 433 2.6 529 3.2

Total 17,543 16,839 16,615 16,479 16,347

Target sample* 16,724 16,134 15,798 16,066 15,761

Achieved sample 15,425 15,337 14,647 12,537 11,407

With some data (%) 92% 95% 93% 78% 72%

* target sample=total-(emigrations+ deaths + permanent refusals)+immigrants
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2.2.2 Offspring (G3)

The response rate of the Mother and Child Study was high: 98% of selected mothers were 

interviewed (Table 2.3). The high response rate in G3 is due to the fact that the sample was 

selected from cohort members who were interviewed in 1991.

Table 2.3 Reasons for non-response in the Mother and Child Study

Mother Interviewt n %

With data 2584 98.0

Mother refused 32 1.2

Proxy Refusal 4 0.2

Broken appointment 3 0.1

Hospital/holiday 1 -

Other not completed 13 0.5

Total 2637

t  each mother as a subject

A total of 4271 offspring of 2584 cohort members were identified from the Mother and 

Child Study. Most offspring (>95%) were under 14 years in 1991 (Table 2.4). Natural and 

adopted children would have shared similar home environment, however, adopted children 

(%=23) were excluded from the offspring sample because information on their biological 

parent (e.g. height) was not available.

Table 2.4 Age composition for offspring (G3)

Age (years) n %

<4 1171 27.6

4-13 2877 67.7

>13 200 4.7

Total 42711 100

t  including 23 adopted children
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In Chapters 5 and 6, where the offspring are concerned, the analyses mainly focus on 2931 

natural children aged 4 years or more with a height measure (1448 boys and 1483 girls, 

95.3% of all eligible children).

2.3 Measures

As mentioned earlier, a broad range of information, including details of the cohort 

member’s family background, social and physical development, educational attainment, 

and family composition was recorded. Data on their parents, their children, and their 

partners were also collected. Characteristics are identified for three generations:

2.3.1 Parents of cohort members (Gl)

Anthropometric measurements

Mother’s (Gl) height was measured to the nearest inch in 1958 and also reported in 1969 

when the cohort member was aged 11 years. Measured maternal height in 1958 was used 

here, and reported height was added if the mother was not measured. Father’s height (in 

inches) was reported in 1969, and in most cases was reported by the mother. Heights of Gl 

were converted into centimetres (mean height for Gl females 161.0 cm and for G l males 

174.5 cm).

Other factors

The age o f the mother at childbirth was also recorded (mean 27.5, range 14-48 years).
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Parity was collected by questionnaire soon after birth and categorized as (1) no, (2) one, (3) 

two, and (4) three or more previous pregnancies. Mother’s education (G l) was collected in 

1958 based on whether she stayed at school after the minimum school-leaving age (15 

years for mothers under 25 years and 14 years for mothers 25 years or older).

2.3.2 Cohort members (G2)

Prenatal and infancy measures

Birthweight of each cohort member was measured at birth in ounces and then converted 

into grams (mean 3332g). Exposure to tobacco is available from information on maternal 

smoking habit during pregnancy (01) recorded at birth.

It was shown by others that the effect of smoking on increasing risk of perinatal mortality 

and decreasing birthweight was determined by smoking habits after the fourth month of 

pregnancy Therefore information on maternal smoking was pre-coded as “non-smoker 

(<1 per day)”, “medium smoker”, “heavy smoker (10 or more per day)”, and “variable 

smoker” after the fourth month of pregnancy. Smoking mothers are defined as “medium”, 

“heavy” and “variable” smokers.

Duration of breastfeeding was reported in 1965 when the cohort member was age 7. It was 

coded as (1) no breastfeeding at all, (2) breastfed for under one month, and (3) breastfed for 

over one month. In Chapter 5, two broad categories “never breastfed” and “ever breastfed” 

were used.
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Anthropometric measurements

Height of each cohort member was measured without shoes to the nearest inch by trained 

medical personnel at the ages of 7, 11, and 16, and later converted to centimetres. Self- 

reported height was obtained at age 23.

At age 33, height was measured to the nearest centimetre. The 33-year height of 3557 

subjects has been edited for coding errors and missing values by others, and details are 

described elsewhere In summary, additional data on height measures from a sub-sample 

of some 2000 cohort members obtained from a separate study of respiration function in 

1993 were used for those without a height measure in the main 33-year survey. When 

differences in height from the two sources were more than 5 cm, the height measures at all 

previous available ages were compared to centile charts and the 33-year measure that was 

closer to the height centiles was used. If height at 33 was missing, height at 23 was used 

instead. For cohort members with improbable height at age 33 (i.e. >1.98 m for men or 

<1.46 m for women), their previous height measures (ages 7, 11, 16, and 23 years) were 

compared to centile charts. The reported height at 23 was used as the 33-year height if it 

seems to be more reasonable. Cohort members with large changes in height between ages 

16 and 33 (i.e. >18 cm for men and >12 cm for women) and between ages 23 and 33 (>15 

cm) were investigated by comparing their heights to centile charts. For women with height 

at 33 missing, a prediction using height at 16 years plus the mean increment between ages 

16 and 33 years was imputed for the height at 33 years (n=3). Measures recorded as less 

than 1 m were considered as typing errors and height at 33 was obtained by adding 1 metre 

to the recorded height and then compared to centile charts to ensure the consistency with 

previous height measures The mean height of cohort members at each age using edited 

data is provided in Table 2.5.
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Table 2.5 Mean (s.d.) height (cm) of cohort members (G2) at each age (n)

Age (years) Boys Girls Difference

Mean (s.d.) n Mean (s.d.) n (boys-girls)

7 122.8 (5.8) 7036 121.9 (6.1) 6598 0.9

11 143.9 (6.9) 6494 144.7 (7.5) 6195 -0.8

16 170.2 (7.9) 5746 160.9 (6.2) 5382 9.3

33 176.8 (6.9) 7105 162.4 (6.5) 7515 14.4

Table 2.5 shows that the height difference between boys and girls was much greater in 

adulthood than in childhood. There was only a small difference in prepubertal height; at age 

7, boys were on average taller than girls by 0.9 cm. Girls became taller (by 0.8 cm), with a 

greater variance at age 11 due to their earlier growth spurt and maturation compared to 

boys. By age 16, boys overtook girls in height and were much taller (by 9.3 cm) with a 

greater variance compared to girls, reflecting the fact that most 16-year-old girls had 

reached their final height, whereas boys were still at different stages of puberty. Therefore 

the variance of height at 16y for boys included differences in stage of puberty as well as 

variation in adult height.

Pubertal development

During the medical examination at ages 11 and 16 years, the stage of pubertal development 

of each cohort member was assessed by medical officers using ratings based on Tanner’s 

stages
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At age 11, boys were assessed using ratings in the range 1-5(1 for preadolescent stage, 5 

for mature stage) for (a) genitalia and (b) pubic hair (absent, sparse, intermediate or adult). 

At 16 years, ratings were obtained for facial hair, axillary hair, pubertal hair (absent, sparse, 

intermediate or adult), and voice broken (yes or no). Girls at 11 years were assessed using 

ratings for (a) breast and (b) pubic hair (absent, sparse, intermediate or adult). At 16 years, 

ratings were obtained for (a) breast development, (b) pubic hair, and (c) axillary hair 

(absent, sparse, intermediate or adult). Girls were also asked to recall at what age 

menstruation had started; those who had not yet started (2.1%) were included in a 16y+ 

category.

A variable indicating the stage of puberty of boys at 16 was derived using the total score of 

ratings for facial hair, axillary hair, pubertal hair, and voice broken and was then 

categorised as “early developer” (23.9%), “average developer” (65.3%) and “late 

developer” (10.8%). For girls, age of menarche was categorised as “early developer” 

(15.4%), defined as between 9 and 11 years, “average developer” (77.5%), defined as 

between 12 and 14 years, and “late developer” (7.2%), defined as after 14 years.

Early environmental factors

Family size at age 7 was derived based on the extended household under the age of 21 

years. In Chapter 4, family size was divided into two broader categories as “small families” 

if there were <2 children and “large families” if there were >3 children in the household.

Social class at birth was based on the occupation of the male head (Gl) of household as 

reported by the mother in 1958. Social class at age 7 was based on the male head’s 

occupation obtained during the parents interview, and at ages 23 and 33, on the cohort
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member’s own current or most recent occupation. At age 33, the occupation of the partner 

was also recorded. Social class o f origin used in subsequent analyses was defined as social 

class at age 7 or at birth if missing. Social class was classified into 4 categories: (1) I&II- 

professional or managerial, (2) IIINM-skilled non-manual, (3) IHM-skilled manual, and (4) 

rV&V-semi-skilled or non-skilled occupations.

In 1991, information on any academic, vocational, and other training courses the cohort 

member received was recorded. The highest education level the cohort member achieved at 

age 33 was derived and classified into five categories: (1) no education, (2) <0-level, (3) 

O-level, (4) A-level, and (5) higher education.

Housing circumstances of G2 were collected at ages 7 and 33 years. Type of tenure was 

classified into three categories: (1) owner occupied, (2) private rental, and (3) council or 

housing association rental accommodation (social housing). Measures of household 

crowding at both ages were based on the number of people per room, excluding kitchens 

and bathrooms. Level of crowding was divided into three categories: (1) <1, (2) 1-1.5, and 

(3) >1.5 persons per room. In some analyses (Chapter 4), two broader categories, <1.5 

persons per room (uncrowded) and >1.5 persons per room (over-crowded) were used.

Parental separation

During the interview in 1991, cohort members (G2) reported whether their parents (Gl) 

ever separated or divorced and their age when their parents last lived together. The age of 

parental separation or divorce could range from birth to 33 years. For the purpose of this 

study, the timing of separation or divorce was divided into three categories (1) before 4 

years (1.6%), (2) 4-7 years (1.9%), and (3) no divorce by age 7 years (96.5%). Age 7 years
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was chosen to be consistent with other childhood variables. Details of household 

composition were also obtained at the 33-year survey, including whether the cohort 

member was living with a spouse or a partner. Family structure was derived for those with 

children and categorised as (1) lone-mother, (2) lone-father, and (3) couple families. The 

employment status of the cohort member and their partner were also recorded in 1991.

Health in childhood

Disability in childhood (approximately 5%) was identified for cohort members from (i) 

school doctor’s reports of moderate or severe handicap in respect of ordinary schooling for 

one or more specified “abnormal conditions” (such as epilepsy or diabetes), and (ii) 

mother’s reports of a physical handicap or disabling condition at age 7.

2.3.3 Offspring (G3)

The average age of selected offspring (G3) was 6.4 years (range from under one year to 18 

years) and 8.2 years (range from 4 to 18 years) for those with a height measurement. Their 

parents (i.e. G2) were on average at 26.6 years (range from 15 to 33 years) at childbirth. 

Maternal age (G2) at childbirth was derived as the difference between the age of the natural 

mother (G2) and the age of the child (G3).

Prenatal and infancy measures

Cohort members reported details for each pregnancy in the 33-year interview, including 

date of birth and birthweight. Average birthweight for all G3 was 3325g. Other information 

reported on each pregnancy included maternal smoking habit and breastfeeding duration. 

Maternal smoking (G2) was categorized as “non-smoker (<1 per day)”, “medium smoker”,
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and “heavy smoker (10 or more per day)”. Mothers were also asked whether they had 

breastfed each child and the age in months when she had stopped breastfeeding. In Chapter 

5, two categories “never breastfed” and “ever breastfed” were used. Parity was derived 

based on the number of births reported and categorized as (1) no, (2) one, (3) two, and (4) 

three or more previous pregnancies.

Anthropometric measurements

Height and weight of G3 were measured to the nearest centimetre and 0.1 kilogram using 

portable measuring equipment. Body mass index (BMI) was calculated at each sweep using 

weight(kg)/height(m)^.

Early environmental factors

Family size, defined as the number of natural or adopted children was based on reported 

household composition in 1991. Social class of G3 was based on the current or the most 

recent occupation of the G2 male head of household (the male cohort member or the male 

partner of a female cohort member) in 1991. The employment status of the household was 

based on whether one or both parents were working at the time of the 1991 survey. Both 

measures were classified as described above for G2.

The type of family was based on household composition in 1991. One-parent families were 

defined according to the General Household Survey (GHS), as parents with dependent 

children who were living without a spouse or partner Type of family structure was 

classified into three categories: (1) lone-mother, (2) lone-father, and (3) both parents (as for 

G2).
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Disability of the offspring (3.9%) was identified from the mother’s or mother figure’s 

reports of any physical, emotional or mental difficulties that limited the offspring’s ability 

to do normal school work or usual childhood activities.

2.3.4 Reliability and validity of reported or recalled measures

Some measures used here were recorded after a period of time and therefore might be 

subject to bias.

Reported height o f G1 and 02

Unlike Gl maternal height, which was measured in 1958, G l paternal height was reported 

in 1965, in most cases by the mother. Self reported height was also obtained at age 23 for 

G2. Although reported height is prone to errors, it is generally valid and reliable

Recalled birthweight o f 03

While the birthweight of each cohort member (G2) was measured, birthweights of G3 were 

reported by the cohort member during the interview in 1991, when G3 were on average 6.4 

years of age (range from under one year to 18 years). A number of studies have shown that 

recalled birthweight, especially by the mother, correlates well with recorded birthweight, 

and is sufficiently accurate for epidemiological use. It has been reported that as many as 

75% of birthweights recalled after 6 to 15 years by the mother were within 50 g of the 

hospital record However, there is also evidence of an average 63 g over report in 

birthweight
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There have been reports of a tendency to underestimate low birthweights and over 

estimate high birthweights but there is also a suggestion that mothers are likely to recall 

a lower birthweight more accurately Some evidence shows that parents of younger 

children or younger mothers, or those with fewer children recall more accurately 

However, it has been found that reported birthweight is not associated with sex of the baby 

maternal age time interval since birth maternal education or social class

i87;i9i recalled by mothers tends to be more accurate than by fathers Recall

is best when children are less than 4 years old, but is also remarkably accurate for children 

over 15 years old

Recalled breastfeeding for G2 and G3

Information on breastfeeding of G2 was reported by the mother when the cohort member 

was age 7. Breastfeeding duration of G3 was reported by the mother in 1991 when the 

offspring were on average 6.4 years of age (range from under one year to 18 years). 

Mother’s reporting of breastfeeding history shows close agreement between long-term 

recall and clinic records, and therefore is regarded as a valid estimate of breastfeeding 

behaviour However, a study of reported breastfeeding duration at ages 11, 23, and 47 

months showed that recall could be affected by the length of the recall period with its 

accuracy reducing with increasing age of the child. Mothers who were better educated were 

also found to be more likely to report a longer breastfeeding duration Therefore 

potential confounding variables should be controlled to minimise the effect of recall bias

196

63



Recalled m aternal smoking o f  G2 and G3

Whereas maternal smoking habit during pregnancy was recorded around the time of birth 

for G2, the mothers of G3 reported their smoking behaviour in 1991 when their children 

were aged from birth to 18 years. Recall bias in maternal smoking is normally small A 

study showed that the recalled smoking during pregnancy after thirty years was still highly 

accurate compared to data recorded during pregnancy

Recalled parental divorce o f G2

The timing of parental separation or divorce was collected when the cohort member was 

age 33. The accuracy of the recall might depend on the duration itself, as recall is normally 

better for more recent events. However, an event such as parental divorce, even if it 

happened in early childhood is likely to be known and well-recorded.

2.4 Data handling

The data of the 1958 cohort have been examined extensively. The heights of cohort 

members at age 33 have been edited by others and described in §2.3.2. The offspring 

sample has only been used in a few studies and anthropometric measures of the

offspring have not yet been investigated before. Therefore, some key measures for G3 were 

checked for coding errors and missing data in order to minimise the loss of information.
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2.4.1 Data editing for the offspring (G3)

Baseline characteristics such as date of birth, sex, the order in the family, height and weight 

of G3 were examined. Data from the offspring (G3) have been edited for missing values 

and coding errors using records in the original questionnaires and information on household 

composition obtained from the cohort member interview. Details of all changes made are 

listed in Appendix 2.

Missing data

Information on age and sex of the child obtained from the cohort member’s household 

composition recorded in the 1991 interview was added for children with missing data. 

Heights and weights that were missing, but recorded in the questionnaire were added to the 

data («=47).

Inconsistency

Age and sex recorded in the Mother and Child Study was compared to the information on 

household composition. For those with inconsistent sex («=8), corrections were made based 

on the name of the child. For those with inconsistent age («=9), their height and weight 

were compared to the growth centiles to determine the probable age and corrections were 

made according to their height and weight.

Four children from two cohort families were recorded in the wrong order. The correct 

orders were assigned to them according to their age.

Measures recorded as less than 70 cm or below 10 kg were considered as typing errors as 

children were at least 4 years old. For 9 children with miscoded height (i.e. between 20 cm
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and 60 cm), height was obtained by adding 100 cm to the recorded height and then 

compared the height to centile charts to ensure that they were reasonable. For 7 children 

with a coding error for weight, e.g. 2.5 kg, weight were corrected by multiplying the 

miscoded weight by 10 (to 25 kg). Self-reported height and weight of 13 children were 

added due to broken equipment at the interview.

Improbable measures fo r  height or weight

Improbable heights and weights, i.e. those with height (SDS) and BMI (SDS) below -6  or 

above +6 were set to missing because the probability of a measure outside 6 SD is nearly 

zero (SDS: standard deviation scores are described below).

2.4.2 Derived measures

Height is usually Normally distributed for a given age and sex, which was true in both the 

1958 cohort and the offspring data. The mean and standard deviation (SD) of height depend 

on age and sex. As shown in Table 2.5 (§2.3.2), height of boys had a greater SD at age 16 

(7.9 cm) than girls at the same age (6.2 cm) and boys at age 7 (5.8 cm). A 7.9 cm increase 

in mean height is equivalent to the 68th centile at 16 years for boys, but it is the 80th and 

the 83rd centile for 16-year-old girls and 7-year-old boys, respectively. Moreover, variance 

of height may also differ between samples (two generations G2 and G3). Therefore height 

should be standardised so that it is directly comparable across age, sex, and generations. 

Height is standardised in two different ways in this study according to the purpose of the 

analysis.
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Height standard deviation score derived within a sample - internal standardisation 

When comparing height measured at different ages, height needs to be standardised at each 

age and sex within the sample. A standard deviation score (SDS or Z score) for height is 

defined as the difference between the child’s height and mean height (Af), divided by the 

standard deviation of height for the sample at the child’s age and sex {SD) This is 

equivalent to:

Z = — M  (2.1)

where S is the coefficient of variation, which is defined as SD/M. The height SDS (for all 

ages and both sexes) follows a Normal distribution with mean zero and variance one, and 

can be converted to a centile and vice versa using the Normal distribution table. The SDS 

removes the effects of age and sex on height and also standardises the increasing variance 

between height and age. Every unit increase of an internally derived SDS corresponds to S 

(cm) increase in height at a given age and sex.

In the 1958 cohort, although the height of each cohort member was not measured at exactly 

the same time, in fact was over a period of several months, the analysis of the relationships 

between some key factors (i.e. parental height and social background) and growth 

trajectories using growth models did not show differences when we used the exact age of 

measurement or the fixed ages of 7, 11, 16 years. Therefore, heights of G2 at all ages were 

standardised by converting to internally derived standard deviation scores (SDS) which 

were used to study the influence of early life factors on heights of G2 across ages in
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Chapters 4 and 6. Maternal height SDS and paternal height SDS were derived internally 

using (2.1). Mid-parent height SDS was calculated for each cohort member (G2) as the 

average of height SDS of the parents (Gl) (note: it is not an SDS).

Height standard deviation score derived with respect to a reference sample - external 

standardisation

When comparing heights of different samples, for example, two generations, the variances 

of the two samples may differ. Therefore, height needs to be standardised against a 

common reference sample.

Given the exact age and sex of a child, height can be converted to a standard deviation 

score (SDS or Z score) using (2.1), where M is the mean and S is the coefficient of variation 

for height at the specific age and sex in the reference sample. When comparing childhood 

height between G2 and G3, height SDS based on the same reference data, the 1990 British 

growth reference data, was derived for G2 at age 7 and for G3 at ages 4-18y using (2.1).

In Chapter 5, mid-parental height SDS was also calculated for each cohort member as the 

average of maternal and paternal height SDS, derived externally using the 1990 British 

growth reference sample. For G3, parental height was only available for the cohort 

member, not the other parent. So it was not possible to look at joint maternal and paternal 

effects on height, or to look separately at maternal or paternal effect on the whole sample. 

The externally derived height SDS of each cohort member at age 33 was used as the 

parental height SDS measure for G3 regardless of whether the cohort member was the 

father or the mother. This is possible because height SDS is independent of sex. However, 

such a measure has its weaknesses, as it does not differentiate between maternal and
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paternal height effects. External standardisation with respect to the 1990 British growth 

reference sample was used in Chapters 5 and 6, to compare influences on childhood height 

in two generations (G2 and G3).

Every unit increase of an externally standardised SDS is approximately equivalent to a 5 

cm increase in height for a 7-year-old and 7 cm for an adult man. Some given differences in 

height SDS and their corresponding differences in actual height (cm) for children seven 

years of age and adults are shown in Table 2.6.
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Table 2.6 Conversion between externally derived SDS and height (cm)

Difference in height (cm)

Difference in height SDS 7-year-old Male adult Female adult

0.06 0.31 0.41 0.36

0.08 0.41 0.55 0.48

0.10 0.52 0.68 0.60

0.12 0.62 0.82 0.72

0.14 0.72 0.96 0.84

0.16 0.83 1.09 0.96

0.18 0.93 1.23 1.09

0.20 1.03 1.37 1.21

0.22 1.13 1.50 1.33

0.24 1.24 1.64 1.45

0.26 1.34 1.77 1.57

0.28 1.44 1.91 1.69

0.30 1.55 2.05 1.81

0.32 1.65 2.18 1.93

0.34 1.75 2.32 2.05

0.36 1.86 2.46 2.17

0.38 1.96 2.59 2.29

0.40 2.06 2.73 2.41

0.42 2.17 2.87 2.53

0.44 2.27 3.00 2.65

0.46 2.37 3.14 2.77

0.48 2.48 3.28 2.89

0.50 2.58 3.41 3.01

0.52 2.68 3.55 3.13

0.54 2.78 3.69 3.26

0.56 2.89 3.82 3.38

0.58 2.99 3.96 3.50

0.60 3.09 4.10 3.62

0.62 3.20 4.23 3.74

0.64 3.30 4.37 3.86

0.66 3.40 4.50 3.98

0.68 3.51 4.64 4.10

0.70 3.61 4.78 4.22
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2.5 Sample representativeness and potential problems of non

response

In Section 2.1, it was mentioned that there have been six follow-ups from birth up to age 44 

years (33 years in this current study). The original survey of cohort members formed a large 

nationally representative sample, but a longitudinal study like this often suffers losses to 

follow-up over time. In the 1958 cohort, the response rate of each follow-up has declined 

from 98% in 1958 to 72% in 1991. Non-response can lead to selection bias. As a result the 

remaining sample may not be representative of the original sample. For example, particular 

groups may be under-represented among the respondents. Although the offspring sample 

was studied only once in 1991 and was not followed up thereafter, the selection of the 

sample was restricted by the age of the cohort member in 1991. It is therefore necessary to 

assess its representativeness of children in Britain.

Section §2.5.1 examines whether the samples of cohort members (G2) used in subsequent 

analyses are representative of the original cohort, or, of the general population of their age. 

Section §2.5.2 describes the sampling frame for the offspring and examines its 

representativeness compared with children of their age in Britain.

2.5.1 Representativeness of the cohort (G2)

Generally satisfactory response rates have been achieved, with the response rate at each 

stage of the study remaining relatively high and at 72% of the target population in 1991 

(Table 2.2). The remaining samples at ages 16, 23, and 33 years have been examined in
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detail elsewhere Response at 16 years was generally reassuring, although slightly 

lower test scores in reading, mathematics and general ability at age 11 were found among 

children with no data at age 16 The sample at 23 years slightly under-represented of 

those who were disadvantaged with regard to family, housing, and financial circumstances 

Patterns of non-response at 33 years were similar to those reported for the previous 

survey (23 years) in terms of distributions of social and economic status, education, health, 

housing and demography. The 33-year sample was also compared with national samples 

such as the General Household Survey (GHS) and New Earnings Survey (NES), and the 

differences found were small

This study focuses on different sub-groups of G2, including:

• Sub-sample 1: G2 with a height measure at age 33 («=14620).

• Sub-sample 2: a third of G2 with children in the “Mother and Child Study” («=2584).

• Sub-sample 3: G2 in sub-sample 2 with children aged 4 years or older and with a 

height measure («=1931).

Although the 33-year sample is generally representative, the question arises as to whether 

each sub-group is biased in any way. Thus sub-samples were compared to all G2 with 

available data, in terms of demographic characteristics (i.e. social class of origin, adult 

social class, highest education level and housing tenure at age 33). Table 2.7 shows that the 

distributions of these characteristics were broadly similar for each sub-sample, except for 

female cohort members who had children by 33 years (sub-samples 2 and 3), who had a 

tendency to have a lower social class (e.g., 31% in sub-sample 3 were in classes IV&V 

compared with 24% of all G2 females) and to have lower education levels (e.g., 72% in 

sub-sample 3 had less than A-level compared with 64% of all G2 females).
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Table 2.7 Composition of social demographic characteristics for suh-samples of G2
Character All cohort members 

«(%)

Sub-sample 1 
«=14620 

n(%)

Sub-sample 2 
«=2584 

«(%)

Sub-sample 3 
«=1931 

«(%)
Social class of origin

Males i&n 1780(19.6) 1379(20.3) 208(20.2) 125(17.9)
niNM 877(9.7) 687(10.1) 97(9.4) 59(8.5)

HIM 4204(46.4) 3069(45.1) 483(46.9) 332(47.6)
IV&V 2205(24.3) 1671(24.6) 241(23.4) 182(26.1)

Missing 578 299 40 26
Total 9644 7105 1069 724

Females I&n 1605(19.3) 1406(19.8) 258(17.6) 175(15.0)
niNM 840(9.9) 716(10.0) 137(9.4) 105(9.0)

HIM 3947(46.5) 3303(46.1) 697(47.6) 573(49.1)
IV&V 2065(24.3) 1747(24.4) 373(25.5) 315(27.0)

Missing 473 343 50 39
Total 8960 7515 1515 1207

Social class at 33y
Males I&n 2100(39.8) 2095(39.9) 393(38.9) 246(35.6)

niNM 563(10.8) 561(10.7) 100(9.9) 75(10.9)
HIM 1754(33.3) 1743(33.2) 353(35.0) 256(37.0)

IV&V 858(16.3) 852(16.2) 163(16.2) 114(16.5)
Missing 349 1854 60 33

Total 5606 7105 1069 724

Females I&II 1727(32.6) 1722(32.5) 365(26.4) 249(22.8)
niNM 1936(36.5) 1935(36.5) 523(37.8) 431(39.4)

HIM 390(7.4) 390(7.4) 94(6.8) 75(6.9)
rv&v 1252(23.6) 1250(23.6) 400(28.9) 338(30.9)

Missing 494 2218 133 114
Total 5799 7515 1515 1207

Housing tenure at 33y
Males Owner 4004(80.6) 3992(80.7) 824(79.8) 539(76.8)

Renter 294(5.9) 294(5.9) 53(5.1) 37(5.3)
Social housing 670(13.5) 663(13.4) 155(15.0) 126(17.9)

Missing 638 2156 37 22
Total 5606 7105 1069 724

Females Owner 4208(77.7) 4205(77.7) 1117(76.1) 878(75.0)
Renter 290(5.4) 290(5.4) 61(4.2) 44(3.8)

Social housing 918(16.9) 915(16.9) 290(19.8) 249(21.3)
Missing 383 2105 47 36

Total 5799 7515 1515 1207
Education by 33y
Males None 502(9.2) 498(9.2) 92(8.8) 70 (9.9)

<0-level 742(13.6) 738(13.6) 146(14.0) 108(15.3)
O-level 1302(23.9) 1293(23.8) 246(23.6) 174(24.6)
A-level 1317(24.1) 1316(24.2) 268(25.7) 188(26.6)

High education 1592(29.2) 1588(29.2) 290(27.8) 167(23.6)
Missing 151 1672 27 17

Total 5606 7105 1069 724

Females None 611(10.7) 608(10.7) 192(13.0) 158(13.4)
<0-level 957(16.8) 956(16.8) 271(18.3) 226(19.2)

O-level 2059(36.2) 2058(36.2) 557(37.6) 461(39.1)
A-level 588(10.3) 588(10.4) 137(9.2) 115(9.8)

High education 1470(25.9) 1468(25.9) 325(21.9) 218(18.5)
Missing 114 1837 33 29

Total 5799 7515 1515 1207
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Mean birthweight, height at ages 7 and 33 years, and maternal age at childbirth of sub

samples were compared to those of all cohort members (Table 2.8). Differences in these 

measures were small, although female cohort members in sub-sample 3 were on average 

lighter at birth (by 34g) and shorter at 7 years (by 0.4 cm) than all female cohort members. 

But they were not shorter in adulthood.

Table 2.8 Mean (s.d.) birthweight, maternal age, and height at ages 7 and 33 for sub-samples of G2

Characteristic All cohort members Sub-sample 1 Sub-sample 2 Sub-sample 3

Mean (s.d.) n Mean (s.d.) n Mean (s.d.) n Mean (s.d.) n

Birthweight (g)

Males 3400(528) 8239 3405(526) 6467 3427(516) 969 3424(514) 661

Females 3262(511) 7813 3260(510) 6853 3244(521) 1408 3228(530) 1123

Total 3332(524) 16052 3331(523) 13320 3319(526) 2377 3301(524) 1782

Maternal age (y) 27.5(5.7) 17397 27.5(5.7) 13767 27.3(5.7) 2456 27.2(5.7) 1850

Range (y) 14-48 14-47 14-46 14-46

Height at 7 (cm)

Males 122.8(5.8) 7035 122.9(5.8) 5789 122.9(5.7) 882 122.7(5.9) 594

Females 121.9(6.1) 6598 121.9(6.0) 6056 121.7(5.9) 1236 121.5(5.8) 998

Height at 33 (cm)

Males 176.8(6.9) 7105 176.8(6.9) 7105 176.8(6.5) 1063 176.6(6.8) 721

Females 162.4(6.5) 7515 162.4(6.5) 7515 162.7(6.2) 1513 162.5(6.2) 1206

In summary, the sub-samples resemble all cohort members on most of the measures 

examined, except that female G2 who had children early (by age 33 or age 29) tend to have 

lower education levels and lower social class of origin, compared to other women. It is 

known that women from lower social classes or lower education level are more likely to
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have children earlier For a large sample like the 1958 cohort, some small differences 

are likely to be statistically significant. Thus comparisons were made based on the 

magnitude of the differences.

2.5.2 Representativeness of the offspring sample (G3)

There was a high response rate (98%) for G3, though no follow-up of these children has 

been attempted. The main concern with the G3 sample relates to the sampling strategy. The 

sample was selected based on the parent population and was constrained by the age of their 

parents. G3 was chosen at a particular age of cohort members (G2): the selected offspring 

(G3) all had one parent bom in one week of 1958. Hence the older the child was, the 

younger the parent would be at the time of birth.

The age of female G2 at childbirth ranged from 15 to 33 years, and for children (G3) aged 

four years or older with a height measure it ranged from 15 to 29 years. For G3 of male 

cohort members, there was a wider range of maternal age, but predominantly younger than 

33 years (97%). Thus the selection of the sample imposed an artificial inverse association 

between age of offspring (G3) and the age of the mother at childbirth, with a correlation 

coefficient of -1 for G3 bom to female cohort members and -0.72 for those bom to male 

cohort members. Therefore the G3 sample over represents children of younger mothers. No 

children bom to old parents (i.e. both parents over 33 years) were included, nor were any 

children bom to recent immigrants.

G3 selected for the “Mother and Child Study” were aged from less than 1 year to 18 years 

in 1991 and were on average younger for those bom to male G2 (5.4y) than those bom to
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female G2 (7.1y), with nearly 60% of offspring bom to female cohort members (Table 2.9). 

The difference in the age composition reflects the fact of earlier family formation of women 

compared with men.

Table 2.9 Mean (s.d.) age (years) of the offspring (G3) bom to cohort members (G2)

Cohort member 03 all ages 03 aged 4+ t

(G2) Mean (s.d.) n % Mean (s.d.) n %

Male 5.4(3.6) 1724 40.4 7.4(2.7) 1072 36.6

Female 7.1(4.!) 2547 59.6 8.6(3.2) 1859 63.4

Total 4271 2931

t  offspring with a height measure

Because of the age constraint imposed on the offspring sample, it is necessary to examine 

whether G3 is representative of children of their age in general with respect to some key 

characteristics such as anthropometric measures, type of family, social class, and 

employment status of parents.

Birthweight

Unlike height and weight, which were measured only for a sub-sample of G3, birthweight 

was reported for all live births to G2. The birthweight distributions for all offspring (G3) 

(second column) and those in the one-third sub-samples (third and fourth columns) 

resemble that for all live births in England and Wales in 1991 (Table 2.10).
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Table 2.10 Birthweight distributions for offspring (G3) and ail live births in England/Wales in 1991$
Birthweight

(g)
All live births in 

England&Wales (1991)$ 
n %

All G3 t

n %

G3 in l-in-3 sample 

n %

G3 aged 4+ with a 
height measure

n %

<1500 6474 1.0 142 1.0 32 0.8 21 0.7

1500-1999 9131 1.4 174 1.2 48 1.2 31 1.1

2000-2499 30764 4.6 701 4.7 208 5.1 147 5.2

2500-2999 113813 16.9 2493 16.8 705 17.1 510 18.0

3000-3499 249729 37.1 5679 38.2 1604 39.0 1137 40.1

3500+ 263388 39.0 5663 38.1 1519 36.9 990 34.9

Missing 155* 95

Total 673299 14852 4271 2931

$ Source; OPCS mortality statistics 
t  all livebirths bom to cohort members by 1991
$ missing includes adopted children whose birthweight were not reported

Anthropometric measurements

The composition of G3 was also examined by comparing their height, weight, and BMI 

with the 1990 British growth reference data Height standard deviation score (SDS) 

calculated using the reference sample (§2.4.2) had a mean close to zero (-0.007 in boys and 

-0.018 in girls) and the variance close to one (1.06 in boys and 1.08 in girls), indicating that 

its height distribution resembles the growth reference standard. Therefore, G3 was 

representative of British children with respect to height.

Among G3, older children were bom to younger mothers while younger children were bom 

to relatively older mothers. Although height SDS was age and sex standardised, a simple 

linear regression analysis showed a weak but significant inverse relationship between 

height SDS and the age of the offspring, suggesting that older children were shorter on 

average than those in the reference sample. In particular, as shown in Table 2.11, offspring

77



aged 14 years or older were significantly shorter than those of the same age in the reference 

sample by a height SDS of 0.22 in boys and 0.34 in girls. Therefore, the age of the child has 

been adjusted for throughout the G3 analyses to reduce the confounding effect of maternal 

age. Since G3 were bom between 1973 and 1987, the age adjustment is also necessary to 

adjust for the possible effect of secular trend.

Weight and BMI SDS based on the 1990 British growth reference data given in Table 

2.11 show that offspring were heavier and fatter than children of their age.

Height, weight, and BMI of cohort offspring were further compared to the Health Survey 

for England 1995 (HSE) 1995 was the first year that height and weight were measured 

for children in the Health Survey for England, replacing the National Study of Health and 

Growth (NSHG). The differences (G3-HSE) in mean height, weight, and BMI at each age 

up to 15 years for boys and girls in the two samples are displayed in Figures 2.2-2.4.

Mean height of younger offspring (G3) was similar to the HSE sample, whereas older 

offspring tended to be shorter than the HSE sample. This result agrees with the comparison 

with the 1990 British growth reference sample. While G3 were on average heavier and 

fatter than the 1990 British growth reference sample, they were found to be lighter and 

thinner than children in HSE 1995. This is probably due to (1) the secular increase in 

weight and BMI in English children and (2) the sample difference as the HSE did not 

include children in Scotland and Wales. The tendency of shorter and lighter (thinner) 

offspring of older ages did not affect the general representativeness of G3 sample with 

respect to anthropometric measures as the number of older children was small.
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Table 2.11 Mean height/weight/BMI (SDS) and number of offspring (G3) at each age *

Age Height SDS Weight SDS BMI SDS

(years) Mean n Mean n Mean n

Boys
4 0.16 176 0.39 178 0.41 176

5 -0.11 176 0.15 176 0.30 175

6 -0.08 177 0.09 178 0.17 176

7 0.06 146 0.13 145 0.12 145

8 0.17 150 0.24 148 0.19 148

9 -0.02 148 0.05 147 0.10 147

10 0.06 127 0.11 127 0.13 126

11 -0.22 117 -0.01 118 0.12 117

12 -0.03 78 0.16 77 0.17 77

13 0.01 70 -0.03 70 -0.13 70

14 -0.19 42 -0.04 42 0.07 42

15 -0.01 28 -0.02 28 0.03 28

16 -0.75 11 -0.06 11 0.48 11

17 -0.82 1 0.07 1 0.73 1

18 -1.04 1 1.01 1 1.73 1

Total -0.007 1448 0.14 1447 0.18 1440

s.d. 1.06 1.04 1.15

>13y -0.22 83 -0.02 83 0.14 83

s.d. 1.29 1.16 1.05

Girls
4 0.20 152 0.22 150 0.19 150

5 -0.01 193 0.24 193 0.29 191

6 0.02 192 0.16 190 0.16 190

7 -0.11 158 -0.03 156 0.01 156

8 -0.01 157 0.12 157 0.19 157

9 -0.21 149 -0.12 148 0.01 148

10 -0.01 119 0.21 119 0.27 119

11 0.05 117 0.28 117 0.29 117

12 0.09 90 0.27 88 0.26 88

13 0.15 65 0.20 64 0.19 64

14 -0.22 44 0.15 44 0.33 44

15 -0.57 36 0.18 36 0.59 36

16 -0.23 8 0.50 7 0.66 7

17 0.52 3 0.10 3 -0.07 3

Total -0.018 1483 0.15 1472 0.20 1470

s.d. 1.08 1.05 1.09

>13y -0.34 91 0.19 90 0.45 90

s.d. 1.08 1.31 1.21

* natural children of cohort members with a height measure
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Figure 2.2 Difference in mean height (cm) between offspring (G3) and the HSE 1995 (G3-HSE)
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Figure 2.3 Difference in mean weight (kg) between offspring (G3) and the HSE 1995 (G3-HSE)
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Figure 2.4 Difference in mean BMI (kg/m )̂ between offspring (G3) and the HSE 1995 (G3-HSE)
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Maternal age

G3 (those with a height measure) were bom to mothers of an average age 24.4 years, 

whereas the average maternal age of all live births in Britain was 27 years in 1986 G3 

sample is therefore more representative of British children bom to younger mothers, rather 

than children of their age in general.

Social class

The distribution of the father’s social class was compared to that of all live births within 

marriage by a mother 34 years or under registered in 1991 in England and Wales (Table 

2.12) The social class compositions of G3 and that of all live births in England and 

Wales were broadly similar.

Table 2.12 Social class distributions for the offspring (G3) and all live births in England and 

Wales in 1991

Social class G3 aged 4+ t All live births to G3 all ages t All live births to

mothers <30y $ mothers <34y*

n % % n % %

I&II 893 32.0 29.6 1440 35.4 35.4

mNM 349 12.5 10.8 495 12.2 11.0

HIM 933 33.4 39.2 1309 32.1 35.9

IV&V 618 22.1 20.4 829 20.3 17.7

Missing 138 198

Total 2931 4271

t  at least one parent aged 33y in 1991
t  all live births within marriage registered in 1991 bom to mothers age <30y in England and Wales 
* all live births within marriage registered in 1991 bora to mothers age < 34y in England and Wales
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Family employment status

Family employment status of the offspring (G3) was compared to the Family Expenditure 

Survey 1991 (FES) Table 2.13 shows that the proportion of 03  living in a household 

without a working parent was lower (11%) compared to the corresponding proportion in the 

FES representative sample (16.7%).

Table 2.13 Employment status of households with dependent children for the 

offspring (G3) and the FES 1991

Employment status G3 all agesf 

M(%0

G3 aged 4+t 

n(%)

FES 1991

%

No-earner 429 (10.1) 320(11.0) 16.7

Earner 3830 (89.9) 2601 (89.0) 83.3

Missing 12 10

Total 4271 2931

t  selected a third of G3 
t  natural children with a height measure 
Source: Family Expenditure Survey 1991

Type o f family

The type of family (lone-parent/couple family) was compared to the General Household 

Survey 1991 (GHS), where each child was considered as a subject. As shown in Table 2.14, 

there was a lower proportion of offspring living in a lone-parent family (7.6%) compared to 

GHS (17.8%), where lone-parent is defined as a mother or a father living without a spouse 

and not cohabiting, with his/her never married dependent children, aged either under 16 or 

from 16 to (under) 19 and undertaking full-time education. Since lone-parenthood depends 

on the age of the parents, the type of family of cohort members (all 33 years) with children
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was also compared to families in the GHS, whose head of household was aged 30-34 

Treating family as a subject, Table 2.15 confirms that offspring to lone-parent families are 

under represented in 03.

Table 2.14 Family structures for the offspring (G3) and the GHS 1991 *

Type of family 03 all ages$ 

a(%0

03 aged 4+t 

n(%0

OHS 1991

%

Lone-mother 297 (7.0) 238 (8.1) 16.6

Lone-father 25 (0.6) 20 (0.7) 1.2

Both parents 3937 (92.4) 2663 (91.2) 82.1

Missing 12 10

Total 4271 2931

* each child as a subject 
t  selected a third of 03 
t  natural children (03) with a height measure 
Source: Oeneral Household Survey 1991

Table 2.15 Family structures for the offspring (G3) and the GHS 1989-91 *

Type of family 03 all agest 

M(%0

03 aged 4+t 

n(%)

OHS 1989-91$ 

n(%0
Lone mother 179(6.9) 149(7.7) 285(16.3)

Lone father 14(0.6) 13(0.7) 14(0.8)

Both parents 2383(92.5) 1762(91.6) 1451(82.9)

Missing 8 7

Total 2584 1931 1750

* each household as a subject
$ selected a third of 03
t  natural children (03) with a height measure
$ head of household aged 30-34, estimated for 1989-91 in Oreat Britain 
Source: Oeneral Household Survey 1991
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Further investigation showed that there were over 50% of offspring from lone-parent 

families, where the parent was not working, compared to 7.3% of offspring from families 

with both parents (Table 2.16). Thus the low proportion of no-eamer households among G3 

was due to the under representation of lone-parent families.

Table 2.16 Employment status by family structure for the offspring (G3)t

Employment status Type of family

Lone-parent Both parents

n % n %

No-eamer 132 51.2 194 7.3

Earner 126 48.8 2469 92.7

Total 258 100.0 2663 100.0

t  natural children with height measurement

The under representation of lone-parent families in G3 was partly due to the sampling 

frame. Unlike the GHS, where each household with dependent children was a unit, G3 was 

selected from a cohort, which represents the population of adults living with dependent 

children. Consider cohort members were subjects in a random sample taken from such a 

population, households with two parents were more likely to be in the sample as they had a 

greater chance being selected than lone-parent households. As a result, children living in 

two-parent families were more likely to be in the sample and the chance of a child from a 

lone-parent family being selected was reduced.



To justify the difference in sampling frame, we examined family structure for female cohort 

members only and found that about 11% of G2 families were headed by a lone-mother. 

Haskey (1998) estimated that about 15% of mothers bom in 1958 with dependent children 

were lone mothers at age 33 in Britain Therefore, the discrepancy reduced when only 

children of women were considered, although there was still some under representation of 

G3 in lone-mother families compared to the GHS. Other possible explanations include (1) 

the under-representation of ethnic minority children, as it is known that African-British 

families had a much higher proportion lone-parenthood than other groups and (2) the loss in 

the follow-ups may be higher among lone-parents.

A comparison of some key characteristics between children of lone-parent and two-parent 

families showed no significant difference in birthweight and height (SDS), although 

children of lone-mother families were on average 78 g lighter at birth than those of couple 

families. Children of lone mothers in G3 were on average 1.3 years older than those of 

couple families (Table 2.17), indicating that lone mothers tended to have children earlier 

than women who had a partner. Higher proportions of no-eamer families, lower social 

class, lower parental education, and social housing tenancy were found among children of 

lone-parent families (Table 2.17).
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Table 2.17 Distribution and mean (s.d.) for selected characteristics by family structure for offspring (G3)t
Lone-mother Lone-father Couple

Characteristic Mean(s.d.) n Mean(s.d.) n Mean(s.d.) n Mean(s.d.) n P
G3

Birthweight 3230(559) 231 3322(589) 15 3308(541) 2588 3302(543) 2836 *

Height SDS -0.056(1.13) 238 -0.306(0.84) 20 -0.004(1.06) 2661 -0.012(1.07) 2931 *

Age 9.4(3.3) 238 8.9(3.0) 20 8.K3.0) 2661 8.2(3.1) 2931 <0.01

G2

Maternal age 23.6(3.3) 238 - - 24.5(3.3) 2604 24.4(3.3) 2849 <0.01

n % n % n % n %

Social class <0.01
i&n 31 15.2 1 5.3 856 33.4 888 31.9
mNM 58 28.4 3 15.8 288 11.3 349 12.5
m M 21 10.3 8 42.1 900 35.1 929 33.4
IV&V 94 46.1 7 36.8 517 20.2 618 22.2

Education <0.01
No education 60 25.3 8 40.0 324 12.4 392 13.7
< 0-level 54 22.8 0 0.0 483 18.5 537 18.7
0 - level 79 33.3 4 20.0 887 34.0 970 33.8
A-level 18 7.6 4 20.0 408 15.6 430 15.0
Higher 26 11.0 4 20.0 508 19.5 538 18.8

Housing tenure <0.01
Owner 73 34.3 7 35.0 1973 75.7 2053 72.3
Private rent 15 7.0 1 5.0 100 3.8 116 4.1
Social housing 125 58.7 12 60.0 534 20.5 671 23.6

* p > \  0.05
t  natural children with height measurement

2.5.3 Potential effects of non-response

In a longitudinal study like NCDS, where data were drawn from different ages, numbers 

with complete data at each age can be reduced dramatically. The achieved sample of the 

1958 cohort reduced from 17,415 subjects at birth (1958) to 11,407 subjects at the 5* 

sweep (1991) when information included in this study was collected. The loss of response 

at each sweep may introduce selection bias. Therefore it is necessary to monitor any 

potential bias caused by non-response.
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As shown in §2.5.1, the remaining cohort members at age 33 did not differ from the 

original sample with respect to their birthweight, maternal age, height, social class, housing 

tenure, and education level. They also resembled other national samples such as the 

General Household Survey (GHS) and New Earnings Survey (NES) with respect to socio

economic factors at a particular age of 33 years as shown by others However, there 

have been suggestions that baseline characteristics are not always sufficient to ensure no 

non-response bias in the follow-up surveys

Many traditional statistical methods require complete data. In multivariate analyses 

(multiple responses or multiple covariates), the possible approaches for missing data 

include case deletion and imputation. Case deletion often results in a large proportion of 

data being discarded and results may be less efficient. The inferences drawn from the data 

may be biased when the assumption that the missing is completely at random (MCAR, the 

probability of a missing response depends on neither the observed nor the unobserved 

response) or in some cases missing is at random (MAR, the probability of missing response 

does not depend on observed response) does not hold.

Alternative methods for dealing with missing data include substituting imputed values for 

missing data or adjusting for the non-response bias However, most methods of 

imputation can be applied either for missing at random or when we have knowledge of how 

responders and non-responders differ. Where data cannot be assumed to be missing at 

random, one approach is to attempt to model the missingness mechanism, and then to 

impute the missing values from this model. In the current analysis, missing height at age 33 

has been imputed by others



Although individuals of certain groups may be under-represented in the study sample, 

many of the findings in subsequent chapters are concerned with relationships, which are not 

necessarily affected. In Chapters 4 and 6, where repeated height measures of cohort 

members are considered as response variables, multivariate response models are applied to 

the unbalanced structure where all available data are used in analyses The assumption 

of missing at random (MAR) required by the models is examined in Chapter 3. The missing 

patterns of response variables (height) and their impact on the subsequent analyses are 

described in detail in §3.3.1.

In summary, the achieved sample of the 1958 cohort did not differ from the original sample 

or national representative samples with respect to some key factors. Although the sample 

has reduced over time, there is no evidence that there is a substantial effect on our analyses 

due to the no-responses. All analyses in subsequent chapters have been carried out using 

samples with complete data and samples with all available information. Similar results 

from these analyses suggest that the deletion of incomplete cases does not introduce bias to 

the results.

The offspring sample (G3) did not differ markedly from other British children of their age 

with respect to birthweight and height, although they were heavier and fatter. G3 represents 

children of young parents who were more likely to be disadvantaged. On the other hand, 

some socio-economic characteristics associated with lone-parenthood were likely to be 

under-represented in the sample, which appeared to some how counter balance the 

disadvantages associated with young parenthood. These counter-balancing effects probably 

explain the resemblance of birthweight, height, and social class composition of G3 and 

national samples.
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Appendix 2

A2.1 Data editing for the offspring sample (G3)

Date of birth, sex, the order in the family, height and weight of G3 were examined. 

Information that was missing from the database but was recorded in the original 

questionnaires from the mother interview was added to the analyses. Information 

inconsistent with other sources (i.e. information on household composition obtained from 

cohort member interview in 1991) was corrected (described in §2.4.1). The list of offspring 

that have been edited is as follows:

Serial ID ^ Sex Age^ h ’- Sex^ Age" h " w"

0 1 0 1 6 8 Y 4 1 4 1 4 1 0 6 . 0 1 9 . 2

0 4 1 0 2 2 T 6 1 2 2 2

0 4 1 0 3 0 S 4 1 2 131 3 0 . 5 2 9 1 3 1 . 0 3 0 . 5

0 4 1 0 3 0 S 5 2 9 1 2

0 4 2 0 1 1 T 3 2 0 162 5 2 . 8 2 13 1 6 2 . 0 5 2 . 8

0 4 2 0 1 1 T 4 2 0 154 5 0 . 0 2 12 1 5 4 . 0 5 0 . 0

0 4 2 0 1 1 T 5 1 0 145 3 6 . 5 1 9 1 4 5 . 0 3 6 . 5

0 4 4 0 0 6 M 3 1 7 130 1 7 1 3 0 . 0 2 8 . 6

0 4 4 0 2 6 T 3 1 11 133 1 11 1 3 3 . 0 2 8 . 6

0 4 6 0 3 6 H 2 2 6 117 2 1 . 0 1 6 1 1 7 . 0 2 1 . 0

0 5 1 0 0 5 Z 3 2 7 2 7 1 2 4 . 0 2 1 . 6

0 5 3 0 0 5 L 4 2 4 2 4 1 0 7 . 0 1 9 . 1

0 7 1 0 2 0 J 3 2 7 123 2 . 5 2 7 1 2 3 . 0 2 5 . 0

0 8 3 0 4 9 B 3 2 10 1 41 2 10 1 4 1 . 0 3 1 . 8

0 8 3 0 5 4 U 3 2 17 170 2 17 1 7 0 . 0 5 8 . 1

0 8 3 0 9 1 A 3 1 8 122 1 8 1 2 2 . 0 2 3 . 6

0 86 02 2W 3 1 9 122 1 9 1 2 2 . 0 27 .2

0 8 6 0 5 3 J 3 1 6 133 1 6 1 3 3 . 0 3 1 . 8

0 8 9 0 2 2 N 3 1 0 1 10 1 4 0 . 0 2 9 . 3

0 8 9 0 2 2 N 4 2 0 2 8 1 2 4 . 0 22 . 5

0 8 9 0 2 2 N 5 2 0 2 6 1 1 4 . 0 1 9 . 1

0 8 9 0 2 2 N 6 2 0 2 4 9 7 . 0 1 4 . 9
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S e r i a l ID^ S e x Age^ Sex^ Age"* H'

0 8 9 0 2 3 Q 3 2 14 2 14 1 5 7 .  G 5 9 . 9

0 8 9 0 2 3 Q 4 2 9 2 9 1 3 6 . G 4 5 . 5

0 8 9 0 2 3 0 5 1 8 • 1 8 1 2 9 . G 2 8 . 7

091 020 W 3 1 G 1 6 6 5 6 . 5 1 15 1 6 6 . G 5 6 . 5

091 020 W 4 1 0 1 3 4 3 G . 9 1 8 1 3 4 . G 3 0 . 9

0 92 033 M 3 1 7 13G 2 5 . 6 1 8 13G.G 2 5 . 6

0 9 3 0 0 9 V 3 1 IG 1 IG 1 4 G . 7 3 7 . 0

0 9 3 2 3 5 E 3 1 9 14 3 3 5 . 4 1 IG 1 4 3 .  G 3 5 . 4

0 9 3 2 4 9 S 3 2 15 167 2 15 1 6 7 .  G 5 4 . 5

0 9 5 0 1 9 K 3 2 0 13 2 3 G . 1 2 8 1 3 2 . G 3 0 . 1

0 9 6 0 1 7 L 4 2 IG 48 4 2 . 5 2 IG 1 4 8 .  G 4 2 . 5

0 9 6 0 1 7 L 5 2 8 47 32 .2 2 8 1 4 7 .  G 3 2 . 2

0 9 9 0 4 6 K 3 2 4 1 1 1 2 4 1 1 1 . 0 1 9 . 1

1 0 0 0 4 5 H 5 1 11 12 6 2 6 . 5 2 9 1 2 6 . 0 2 6 . 5

1 2 0 0 7 7 K 4 1 7 1 2 5 2 6 . 2 2 7 1 2 5 . G 2 6 . 2

1 8 8 0 7 7 S 5 G 1 3

2 0 0 0 2 8 0 3 1 11 26 27 .3 1 11 1 2 6 . G 27 . 3

2 8 0 0 2 2 D 3 1 G 1 1

2 8 0 0 4 8 Y 3 1 11 46 3 6 . G 1 11 1 4 6 . G 3 6 . 0

2 8 0 0 6 8 E 3 2 8 2 8 1 3 6 . G 3 8 . 1

2 8 0 0 8 0 U 4 1 8 28 2 4 . G 1 8 1 2 8 . G 2 4 . 0

3 4 0 0 4 3 U 3 1 0 1 8

3 4 0 0 4 3 U 4 2 G 2 6

3 5 0 0 3 4 Z 3 G 2 7 1 2 5 . G 2 4 . 7

3 5 0 0 3 4 Z 4 G 1 4 1G5.G 1 8 . 1

3 6 0 0 0 3 U 4 1 12 1 4 4 3 4 . 0 1 13 1 4 4 .  G 3 4 . 0

3 8 0 0 4 9 J 3 2 16 52 4 8 . 4 2 16 1 5 2 . G 4 8 . 4

382GG9P 3 G 1 5 1G9.G 1 9 . 2

382GG9F 4 G 1 1

41GGG8E 3 2 8 12 9 2 5 . 1 2 9 1 2 9 . G 2 5 . 1

423G61H 3 1 G 1 11 1 4 8 .  G 3 6 . 6

423G61H 4 1 G 1 9 1 3 9 . G 3 0 . 4

4 2 5G 32L 6 2 11 2 1 .

433G12Z 3 G 1 7 1 2 3 .  G 2 6 . 9

4 33G12Z 4 G 2 5 1 1 7 .  G 2 7 . 4

44GG1GL 3 2 G 1 2 4 2 4 . 4 2 5 1 2 4 . G 2 4 . 4

44GG10L 4 1 G 1G7 1 7 . 8 1 3 1G7.G 1 7 . 8

46GG16M 2 2 G 2 13 1 5 6 . G 6 0 . G

46GG16M 3 2 G 13 5 1 5 . 3 2 8 1 3 5 . G 1 5 . 3

46GG45U 4 2 9 1 37 2 8 . 6 2 IG 1 3 7 . G 2 8 . 6

4 83 G1 1E 4 1 5 1 1 4 2 G . 1 1 6 1 1 4 .  G 2 0 . 1

5GG322N 3 2 G 2 4 1G7.G 1 9 . 6

5GG322N 4 2 G 2 1
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S e r i a l ID^ S e x Age^ Sex^ A g e ' W*

5 0 0 4 8 7 X 3 1 9 1 9 1 2 9 . 0 2 5 . 5

5 0 0 4 9 4 U 4 1 5 1 1 1 1 8 . 8 1 6 1 1 1 . 0 1 8 . 8

5 1 1 1 2 5 X 3 2 3 2 4

5 1 1 1 2 5 X 4 2 4 2 3

5 1 4 1 0 6 K 3 2 9 1 32 2 8 . 2 1 9 1 3 2 . 0 2 8 . 2

5 1 4 1 5 3 U 3 1 0 1 2 4 2 5 . 3 1 6 1 2 4 . 0 2 5 . 3

5 1 7 2 1 6 J 3 1 5 1 5 1 0 3 . 0 1 6 . 7

5 1 7 2 1 8 N 3 2 0 . 2 3

5 1 7 2 1 8 N 4 1 0 1 2

5 2 0 0 0 1 D 3 1 0 1 49 3 8 . 2 1 11 1 4 9 . 0 3 8 . 2

5 2 0 0 0 1 D 4 2 0 1 39 3 7 . 9 2 10 1 3 9 . 0 3 7 . 9

5 2 0 0 0 1 D 5 2 0 1 15 2 1 . 4 2 6 1 1 5 . 0 2 1 . 4

5 2 0 0 2 2 N 3 1 2 2 2

5 2 0 0 2 2 N 4 2 1 1 1

5 2 3 0 3 3 K 3 2 0 2 1

5 2 5 0 2 7 A 3 1 13 163 5 . 8 1 13 1 6 3 . 0 5 8 . 0

5 2 5 0 5 5 F 4 1 0 1 5 4 3 9 . 4 1 12 1 5 4 . 0 3 9 . 4

5 5 0 2 8 4 Q 3 1 11 1 11 1 5 2 . 0 3 6 . 0

5 5 0 2 8 4 Q 4 1 9 1 9 1 4 0 . 0 3 0 . 0

5 5 0 2 8 4 Q 5 1 5 1 5 1 0 9 . 0 1 7 . 2

5 8 10 0 7M 2 2 6 1 25 2 . 7 2 6 1 2 5 . 0 2 7 . 0

5 8 1 0 6 9 L 3 1 9 1 33 2 4 . 9 1 10 1 3 3 . 0 2 4 . 9

5 8 2 0 0 3 J 5 2 8 1 30 2 9 . 5 2 9 1 3 0 . 0 2 9 . 5

5 9 1 0 0 5 P 2 2 13 2 13 1 4 7 . 0 4 8 . 9

620119M 4 1 9 1 3 4 1 9 1 3 4 . 0 2 5 . 9

6 5 0 0 0 3 L 3 1 0 1 6 1 5 1 . 6 1 13 1 6 1 . 0 5 1 . 6

6 5 0 0 0 3 L 4 1 0 1 49 3 6 . 2 1 11 1 4 9 . 0 3 6 . 2

6 5 0 0 4 8 K 3 2 5 1 1 5 1 8 . 3 2 6 1 1 5 . 0 1 8 . 3

6 5 0 0 5 4 D 2 2 11 163 4 5 . 2 2 12 1 6 3 . 0 4 5 . 2

6 5 0 1 4 9 R 2 1 0 1 4 0 3 9 . 2 1 10 1 4 0 . 0 3 9 . 2

6 5 0 1 4 9 R 3 1 0 1 3 1 2 8 . 9 1 8 1 3 1 . 0 2 8 . 9

68 4Q5 3T 3 1 7 1 7 1 2 5 . 0 2 4 . 7

6 8 4 0 5 3 T 4 2 4 2 4 1 0 6 . 0 1 7 . 5

7 2 0 0 4 6 T 3 1 0 1 3 8 2 5 . 4 1 8 1 3 8 . 0 2 5 . 4

7 3 0 1 3 1 Q 3 2 6 2 6 1 1 8 . 0 2 2 . 7

7 3 0 1 6 0 X 3 2 6 117 2 6 1 1 7 . 0 1 9 . 1

7 4 0 0 0 4 P 3 1 0 1 46 3 4 . 7 1 13 1 4 6 . 0 3 4 . 7

7 4 0 0 0 4 P 4 1 0 1 3 9 2 7 . 2 1 11 1 3 9 . 0 2 7 . 2

7 4 0 0 1 5 U 3 2 0 2 1

7 8 2 1 5 6 A 4 2 5 1 1 0 1 9 . 6 2 6 1 1 0 . 0 1 9 . 6

8 1 5 0 2 8 U 3 0 1 7 1 3 2 . 0 3 0 . 7

8 1 5 0 2 8 U 4 0 1 5 1 1 7 . 0 2 4 . 4
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S e r i a l ID^ Sex^ Afire^ Sex^ Afire"' w"'

8 1 5 0 3 5 R 3 1 13 1 3 4 2 0 . 5 1 14 1 5 1 . 0 3 7 . 4

8 1 5 0 3 5 R 4 1 9 1 5 1 3 7 . 4 1 9 1 3 4 . 0 2 0 . 5

8 2 0 0 1 1 E 3 1 0 1 5 4 4 1 . 9 1 11 1 5 4 . 0 4 1 . 9

8 2 0 0 1 1 E 4 1 0 1 42 3 4 . 3 1 10 1 4 2 . 0 3 4 . 3

8 2 0 0 1 1 E 5 1 0 1 1 8 2 5 . 1 1 5 1 1 8 . 0 2 5 . 1

8 2 3 0 1 0 U 3 2 0 2 10 1 4 5 . 0 3 9 . 3

8 2 3 0 1 0 U 4 2 0 2 8 1 2 9 . 0 2 6 . 3

8 2 3 0 1 0 U 5 2 0 2 1 .

8 2 3 5 1 3 X 4 2 11 57 7 0 . 2 2 11 1 5 7 . 0 7 0 . 2

8 2 4 5 1 1 Y 3 1 12 1 5 5 4 4 . 4 1 13 1 5 5 . 0 4 4 . 4

8 50 0 25 M 3 2 10 1 40 5 . 5 2 10 1 4 0 . 0 5 5 . 0

8 5 0 0 25 M 4 2 7 1 1 5 3 . 0 2 7 1 1 5 . 0 3 0 . 0

8 8 0 0 3 7 P 3 2 0 2 2 .

8 8 2 0 1 3 K 3 2 4 1 5 . 8 2 4 9 9 . 5 1 5 . 8

8 8 2 0 5 4 Z 3 0 1 6 1 0 8 . 0 2 4 . 6

8 8 2 0 5 4 Z 4 0 2 5 9 5 . 0 1 9 . 4

9 1 0 0 1 7 U 3 1 5 . 1 5 1 1 2 . 0 1 9 . 4

9 3 7 0 2 8 A 3 1 6 1 6 9 2 . 0 1 8 . 8

9 3 7 0 5 8 L 3 2 2 1 2 • •

9 6 0 0 8 5 V 3 1 6 1 2 1 2 . 3 1 6 1 2 1 . 0 2 3 . 0

9 6 2 0 0 9 P 3 2 0 1 4 5 3 4 . 9 2 11 1 4 5 . 0 3 4 . 9

9 8 5 0 0 9 T 3 1 6 113 1 9 . 5 1 5 1 1 3 . 0 1 9 . 5

9 8 5 0 3 7 Y 3 2 4 10 0 1 9 . 4 2 5 1 0 0 . 0 1 9 . 4

9 8 6 2 3 2 B 5 1 3 97 1 6 . 9 1 4 9 7 . 0 1 6 . 9

9 87 0 31 W 3 2 0 147 4 4 . 1 2 11 1 4 7 . 0 4 4 . 1

9 87 03 1W 4 1 0 1 40 3 4 . 8 1 9 1 4 0 . 0 3 4 . 8

9 8 9 0 0 2 Z 2 2 0 1 68 23 .3 2 12 1 6 8 . 0 2 3 . 3

9 8 9 0 0 2 Z 3 2 0 15 8 5 3 . 7 2 11 1 5 8 . 0 5 3 . 7

X 4 6 0 4 2 L 3 2 14 1 62 1 0 . 3 2 14 1 6 2 . 0 1 0 3 . 1

X 7 7 0 2 5 L 3 2 13 1 4 1 3 1 . 3 2 14 1 4 1 . 0 3 1 . 3

X 8 0 0 5 8 V 3 11 147 3 5 . 7 2 1 1 1 4 7 . 0 3 5 . 7

X 8 0 0 5 8 V 4 10 143 3 8 . 7 2 10 1 4 3 . 0 3 8 . 7

X 8 0 0 5 8 V 5 6 1 1 9 2 1 . 6 2 6 1 1 9 . 0 2 1 . 6

X 8 2 2 0 3 N 3 2 12 55 5 3 . 8 2 12 1 5 5 . 0 5 3 . 8

X 8 2 3 0 1 N 3 2 0 1 63 5 0 . 5 2 12 1 6 3 . 0 5 0 . 5

X8 2 3 3 2 Z 4 2 10 46 4 0 . 6 2 10 1 4 6 . 0 4 0 . 6

X 8 2 3 4 0 Y 4 1 5 112 1 2 . 0 1 5 1 1 2 . 0 1 9 . 6

X 8 2 3 8 1 P 4 1 10 1 3 8 3 0 . 9 1 11 1 3 8 . 0 3 0 . 9

X 8 2 3 8 1 P 5 2 8 1 2 5 2 2 . 0 2 9 1 2 5 . 0 2 2 . 0

X 8 5 0 1 3 Y 4 2 6 17 2 2 5 . 2 2 6 1 2 2 . 0 2 5 . 2
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Serial ID̂ Sex Age^ Sex'' Age^
Y 0 1 1 7 6 P 3 1 0 1 4 6 4 1 . 5 1 12 1 4 6 . 0 4 1 . 5

Y 0 1 1 7 6 P 4 2 0 1 3 7 3 1 . 8 2 12 1 3 7 . 0 3 1 . 8

Y 0 1 1 7 6 P 5 1 0 1 27 2 4 . 4 1 10 1 2 7 . 0 2 4 . 4

Y 0 1 1 7 6 P 6 2 0 1 1 8 1 9 . 6 2 8 1 1 8 . 0 1 9 . 6

Y 0 1 1 7 6 P 7 1 0 1 1 1 1 9 . 0 1 6 1 1 1 . 0 1 9 . 0

Y 0 1 1 7 6 P 8 2 0 93 1 4 . 2 2 4 9 3 . 0 1 4 . 2

Y 3 0 1 5 4 S 3 2 0 2 4

Y 3 0 1 5 4 S 4 2 0 2 3

Y 3 0 1 5 4 S 5 1 0 1 1

t  identification of an individual in the cohort family 

* sex, age, height and weight before editing 

 ̂sex, age, height and weight after editing
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Chapter 3

Statistical methods in life-course studies

Life-course epidemiology concerns complicated associations such as how biological and 

social factors throughout life, independently, cumulatively, or interactively influence health 

and disease A life-course approach typically requires information collected from different 

life stages, including before birth and from previous generations.

There is a wide range of statistical techniques that may be applied to life-course analyses. 

Sometimes a traditional method is adequate, whereas in other situations more complex 

statistical models may be necessary, depending on the data structure and the life-course 

hypothesis proposed. For example, a simple relationship between an early exposure and 

later disease can be examined using a traditional model, whereas a study of the relationship 

between the trajectory of a disease risk and factors that may affect the trajectory requires a 

more complicated model. However, each method suits for the specific purposes and has its 

advantages and limitations.

Table 3.1 includes some statistical methods that are commonly applied to life-course 

analyses. Given that the main response variable in this study is height, which is known to 

have a Normal distribution, methods discussed in this chapter are mainly suitable for 

continuous response variables. Methods designed for categorical or other non-Normal 

variables are included in Table 3.1, but are not considered in subsequent sections. In §3.1, 

two types of study design and data structure are described. While the methodology
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presented in §3.2 requires independent samples, models described in §3.3 are suitable for 

(1) longitudinal repeated measures and (2) data with a clustered nature, and are applied in 

subsequent analyses. Some techniques included may not be directly relevant to the current 

study objectives, but are however widely applied for investigating life-course relationships. 

In §3.4, causal modelling in path analysis is briefly discussed.

3.1 Study design and data structure

3.1.1 Cross-sectional and longitudinal studies

A cross-sectional study examines the relationship between a response variable and 

exposure variables at one point in time. The exposure variable can be fixed (e.g. sex) or 

variable (e.g. current smoking or recalled smoking history). Thus a cross-sectional study is 

not suitable for determining the temporal sequence of events since it only deals with the 

relationship at one time point, and therefore cannot provide enough evidence for a causal 

relationship. In general, the statistical techniques for dealing with cross-sectional studies 

are easier than those required by longitudinal studies. When the response variable is 

continuous (i.e. height), the analysis can include testing the difference in mean height 

between two groups using a r-test, or between three or more groups using ANOVA. A 

bivariate relationship between two continuous variables (e.g. height and BMI) may be 

assessed using correlation and regression analyses. Multiple regression models can be used 

to adjust for potential confounding factors (§3.2).
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Table 3.1 General overview of statistical methods that may he applied in life-course analyses
Method Data Assumptions Advantages Limitations

Linear regression or 
generalised linear models
216;217

Cross-sectional
Longitudinal

Underlying distribution of the response. 
Observations are independent

Available in all statistical packages Not practical when the path diagram is 
complicated

Multilevel/ random effect 
models ‘39̂ 18̂ 19

Cross-sectional
Longitudinal

Underlying distribution of the response. 
Observations are clustered in a higher level or 
subjects are measured on more than one 
occasion

The correlation structure is accounted for. 
Estimate fixed parameters and variance 
components at multiple levels. All data is 
incorporated

Generalized Estimating 
Equations (GEE) '*)2i9.22i

Longitudinal Underlying distribution of the response. 
Subjects are measured on more than one 
occasion

The correlation structure is accounted for. All 
data is incorporated. Useful for estimating fixed 
parameters

Growth models ^̂ 2.223 Longitudinal Underlying distribution of the response. 
Subjects are measured on more than one 
occasion. Time is assumed to be continuous

The correlation stmcture is accounted for. All 
data is incorporated. Trend can be tested. 
Timing and spacing of time points may vary

Not practical when time intervals are 
large

Multivariate response 
models

Cross-sectional
Longitudinal

Underlying distributions of the responses. 
Subjects are measured on more than one 
occasion, or on several response measures. 
Time is considered as fixed occasions

Repeated or multiple response measures are 
examined simultaneously. Correlation structure 
is accounted for. Effect can be directly 
compared between occasions or responses. All 
data is incorporated

Not practical when the number of 
repeated measures is large

Structural equations Cross-sectional
Longitudinal

Response and intermediate variables are 
Normally distributed. For path analysis latent 
variables are involved. Assumption for causal 
directions

Estimate direct and indirect effects. Can be used 
when there is more than one response variable 
in system

Can’t determine the underlying causal 
structure

G-estimation Longitudinal 
(event data)

Time-dependent covariates are both 
confounders and intermediate variables

Can be used when time-dependent exposure 
variables are also measured repeatedly

Not available in statistical packages
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In a longitudinal study, a sample of individuals is observed prospectively over a specified 

time interval. Exposure variables or response variables are observed on several occasions, 

where the response variable is observed after the exposure variable For example, a 

longitudinal study of coronary heart disease (CHD) may define a sample at baseline, and 

follow the individuals to observe risk factors and morbidity through time. However, 

longitudinal data could also be obtained retrospectively by reviewing health records or by 

asking individuals to recall past events. The longitudinal study of the Office of Population 

Censuses and Surveys (OPCS) follows a 1% sample of the British population that was 

initially identified at the 1971 Census, Outcomes such as mortality and incidence of cancer 

have been related to socio-economic factors measured at successive censuses Thus 

longitudinal designs are uniquely suited to investigate the temporal sequence of events, the 

relationship between changes of an outcome over time and factors that have affected those 

changes, or the relationship between the outcome and the accumulation of the exposures. 

Longitudinal studies therefore provide more evidence of causality than cross-sectional 

studies.

Prospective longitudinal studies have been referred to as cohort studies. The 1958 cohort 

provides responses and exposures collected at different life stages, from before birth to 

adulthood. The Mother and Child Study was conducted only once in 1991 and therefore is a 

cross-sectional design. However, a cross-generational comparison of cohort members and 

their offspring is considered as a longitudinal design. Common issues of longitudinal 

studies include the loss in follow-ups for a variety of reasons and may be a source of bias. 

Details for testing the missing patterns are given in §3.3.1. In addition, the correlation of 

the repeated measures within individuals needs to be accounted for in the analyses. These 

issues are also discussed in §3.3.1.
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3.1.2 Independent and hierarchical data structures

An independent data structure is characterized by the fact that the value of one observation 

does not affect that of the others. Whereas, a hierarchical structure is characterized by the 

fact that individuals can be treated as members of groups. Units at one level are grouped 

within units at a higher level and data observed from the same group are related. For 

example, children from the same family share similar genes as well as environment; 

measurements taken from the same individuals are more alike than those taken from 

different individuals.

Data of the 1958 cohort have a unique hierarchical structure. First, height and other 

variables of interest were measured at several occasions for cohort members (G2) (i.e. at 

ages 7, 11, 16, 23, and 33 years). The variation in height between individuals is greater than 

the variation between measurements within individuals once age is adjusted for. Second, 

cohort members and their offspring (G3) are nested within families; subjects from same 

families are correlated. Therefore, statistical methods that take account of the data structure 

are essential in order to make inferences of the data.

Statistical models that are suitable for independent data are briefly described in §3.2. In 

§3.3 more complicated models for data with a hierarchical structure are discussed in detail.
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3.2 Statistical models for independent data

Linear regression models

Simple linear regression can be used to establish the relationship between a continuous 

response variable and one or more explanatory variables, where the response variable 

follows an independent identical Normal distribution The regression parameters (i.e. 

intercept and slope) can be estimated using Ordinary Least Squares (OLS), which 

minimizes the sum of squares of the residuals. The association between an explanatory 

variable of interest and the response can be assessed by using a r-test for the null hypothesis 

of the true slope of the regression line being zero.

In a multiple regression model, where more than one explanatory variable is considered, the 

parameter for a specific explanatory variable is a partial regression coefficient representing 

the increase in the expected response for every unit increase in the explanatory variable 

when other variables are held fixed (or adjusted). Curvilinear relationships can be explored 

by adding quadratic, cubic terms, or higher order terms to the model

Test fo r  the linear trend in means fo r  ordered categorical variables 

Some explanatory variables are ordered categorical rather than continuous. In the simplest 

case, the order of the category can be treated as a continuous variable. A linear regression 

model can be applied to test for a linear trend of a continuous response variable according 

to the ordered categories, assuming that they are equally spaced. For a response variable 

height and an explanatory variable social class, the slope indicates the height increment for
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every category increase in social class variable. A non-zero slope of the regression line 

indicates significant social class gradients in height.

Confounding factors and ejfect modifiers

The association between a particular exposure variable and a response variable can 

sometimes be altered after accounting or controlling for a third variable— known as a 

confounding variable, which is associated with both the response and the exposure variable 

of interest. In general, a confounder cannot be an intermediate step in the causal path 

between the exposure and the outcome. A confounding factor may partially or wholly 

account for the apparent association between the explanatory variable and the outcome 

variable The distortion introduced by the confounder may lead to the over- or under

estimation of an effect, depending on the direction of the associations between the 

confounding factor and both the exposure and response variables. Failure to take account of 

confounding effects may lead to the conclusion that a relationship exists when in fact it 

does not, or there may be a failure to detect a relationship when one truly exists. For 

example, consider an association between family size and height, with children from larger 

families tending to be shorter than children from smaller families. It is known that social 

class is positively associated with height and negatively associated with family size. If the 

association between family size and height is different, depending on whether we ignore the 

proportion of individuals in each social class or control it by studying the association 

separately for each social class, then social class is an example of a confounding factor for 

the relationship between family size and height, as family size is unlikely to be a causal 

factor for social class.
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The strength of the association between the exposure and the response variable (i.e. the 

value of the regression coefficient) may sometimes vary with the level of a third variable, 

known as an effect modifier. In the same example, if the estimated association between 

family size and height is significantly different from one social class to another, then social 

class is an example of an effect modifier. As another example, consider an association 

between size at birth and adult disease, where children with retarded fetal growth tend to 

have a higher risk of a disease. It is known that childhood growth may play a role as an 

effect modifier of the associations between small size at birth and risks of adult diseases

4;228 In particular, it has been shown that the relationship between birthweight and high

blood pressure appears to be modified by adult BMI

The distinction between a confounder and an effect modifier in statistical terms is that a 

confounder is normally treated as a covariate in a model, while effect modification is 

assessed by modelling the interaction between the exposure and the modifier. For example, 

an effect modifier can be used to identify a subgroup with a lower (or higher) risk for a 

disease. Thus confounding is a bias that needs to be controlled for, whereas effect 

modification should be described and reported

One way to remove the confounding effect and to evaluate and describe effect modification 

is splitting the third variable into subgroups or strata and obtaining a separate effect 

estimate of the exposure from each stratum. Strata are usually defined by levels of a 

confounder or a combination of confounders. When the association estimated from the 

crude analysis (without stratification) has a different magnitude (or even a different 

direction) from the estimated association within strata, suggesting the existence of a 

confounding effect, the single crude estimate of the effect should be replaced with a set of
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effect estimates from all strata. The effect estimated within each stratum according to the 

confounding variable is not confounded. When the effect estimates differ across strata, 

suggesting the existence of an effect modifier, the findings should be presented separately 

for each of the strata.

When there is a large number of strata involved, the data will be dispersed too thinly over 

the strata and the estimate of an effect will be imprecise. Multiple regression models are 

commonly used for the adjustment of confounders when a stratified analysis becomes 

impractical. The coefficient for any explanatory variable is conditioned on the remaining 

explanatory variables in the model. Multiple regression models provide an efficient way to 

obtain precise estimates, while controlling for potential confounding factors. The 

magnitude of the confounding effect is assessed by comparing the effect estimates obtained 

from models before and after the adjustment of the potential confounder. The presence of a 

modifier can be assessed by testing the interaction term of the third variable and the 

exposure variable. In an epidemiological study involving many confounding variables, all 

the confounding factors can be controlled simultaneously in a single multiple regression 

model, and the adjusted effect of each factor can be estimated.

The potential confounding factors were examined throughout this study and the adjustment 

was made when necessary. In Chapters 4 and 5, the unadjusted relationship between each 

early life factor of interest and height (SDS) was first examined; the relationship was then 

adjusted by adding parental height, fetal and early life factors into the model to establish 

whether the relationship under investigation was in part related to influences of other 

factors.
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It becomes more complicated when the confounding factor is also an intermediate variable. 

It occurs when an exposure in some way causes the change in the confounding variable 

For example, smokers may have higher blood pressure, which may in turn increase the risk 

of death. However, those with higher blood pressure may have increased motivation to quit 

smoking, which may in turn reduce the risk of death. Thus higher blood pressure may be a 

confounder for the effect of smoking, and also an intermediate variable on the causal 

pathway of smoking on mortality. Longitudinal data are needed to assess such 

relationships. Conventional methods, i.e. survival models with time-varying covariates 

may be biased when this form of time-varying confounders exist. Statistical approaches that 

are suitable for time-varying confounders are discussed in §3.4.2.

This current study focuses on early influences on height. The exposure and confounding 

variables used were all measured at one age in early life. Therefore the issue of a 

confounding factor also being an intermediate variable does not arise in our analyses. 

However, it is an important issue in life-course study and is discussed briefly in §3.4.2.

3.3 Statistical modeis for data with a hierarchicai structure

Statistical approaches described in §3.2 require the assumption of an independent sample, 

where observations are not related to one another. As mentioned in Chapter 1, testing life- 

course hypotheses requires information collected over time or even across generations. For 

example, repeated measures are needed to assess a longitudinal relationship. Samples can 

sometimes be naturally clustered due to the study design. For example, a cross-generational
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comparison may involve two generations that are likely to be correlated within families. 

Statistical models that take into account the covariance structure of these samples are 

important.

In the following sections, methods for hierarchical data are described. They are divided into 

two parts: §3.3.1 describes approaches that can be applied for repeated measurements, 

including simple models for two measurement occasions and more complicated models for 

multiple occasions, and §3.3.2 describes models for data that are grouped by nature and 

correlated within each group. For example, cohort members and offspring from the same 

family, or offspring from the same family are naturally clustered. Approaches concerning 

causal and pathway relationships or time dependent exposures are included in §3.4, 

although they are not used in subsequent analyses.

3.3.1 Models for repeated height measurements

There are two types of approach for analysing longitudinal data. First, earlier 

measurements are treated as covariates rather than responses. This approach is more 

appropriate when there are only a small number of discrete occasions (i.e. two occasions). 

Second, all measurements are treated as response variables and models that take into 

account the covariance structure are required. In the latter approach, the repeatedly 

measured response variables are commonly converted to standard deviation scores (SDS) 

so that they can be compared directly.
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Models for measurements on two-occasions

Although our analyses of longitudinal data involve responses measured on more than two 

occasions (i.e. height at ages 7, 11, 16, and 33 years), we start from the simplest case of two 

measurements of the response variable.

Assume and y, are the response variable measured for the ith individual on the first and 

second occasions, e.g., childhood height and adult height (SDS). A linear relationship 

between the two measurements can be written as

= a  + J3 x^+e^. (3.1)

Algebraically, (3.1) is equivalent to a model for the change adjusted for the first 

measurement:

y. —X. = a  + {P — l)x. + f .. (3.2)

In regression model (3.1), represents the linear relationship between childhood height and

adult height, while in model (3.2) /3-1 represents the linear relationship between childhood

height and change in height from childhood to adulthood (i.e. change in relative position in 

the sample if measures are SDS). Examination of the association between the change in a 

variable and its initial value in a longitudinal study is complicated by the presence of 

measurement errors and variability within subjects These two factors contribute to 

the statistical phenomenon known as regression towards the mean (RTM). Because of the 

presence of such variation, subjects who were short (or tall) in childhood tend to be closer
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to the sample mean in adulthood than they were in childhood. In the situations where RTM 

is present, the observed correlation is expected to consist partly of true correlation and 

partly of RTM effect Regression towards the mean occurs unless there is a perfect 

correlation (r =1). The weaker the correlation between the two measurements is, the bigger 

the effect will be.

The RTM effect can be reduced by using alternative measures as the initial value, for 

example, using the average of two height measures in childhood (i.e. height SDS at ages 7 

and 11 years) as initial values. For the special case where >^=1, (3.2) can be written as

y . -  X,. = + £•., (3.3)

which models the simple change without the adjustment of initial value; i.e. ignoring the 

RTM effect. These models may include further covariates (i.e. early life factors) to 

investigate the early influences on growth.

In the current study, all height measures on cohort members are considered as response 

variables (Chapter 4). The inter-correlations between measurements are accounted for by 

using more complicated models, which are described in this section.

Studying the associations between early life factors and growth trajectory in the 1958 

cohort is one of the main objectives of the study. The main statistical approaches for growth 

data include growth models (treating age as a continuous variable) and multivariate 

response models (treating age as fixed discrete occasions).
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Growth model

Growth models are often used when there are a sufficient number of observations for each 

individual. Data are considered as a two-level hierarchy in growth models, where 

measurement occasions (level-1 units) are clustered within individuals (level-2 units). The 

variation of a measurement can be separated into two components: within-individual 

variation and between-individual variation.

Growth modelling incorporates random effects, as well as conventional fixed regression 

coefficients. Assume that Y is a response variable (i.e. height), X is a level-2 explanatory 

variable, (y„, x,) are observations taken from the ith individual at the rth occasion, and Zu is 

the age of the ith individual at the rth occasion, a growth model can be written as

y it -  Poi + P\ ht + or X. +1/ X,. + ê  ̂ i= 1,2,..., and i= 1,2,..., n (3.4)

A , ~ Pa ^

where is the number of height measures for the ith individual. Model (3.4) assumes that 

height (Y) is linearly related to age (Z) with each individual having their own intercept

(random intercept with E( )=  Pq and Var( /?o, ) = but a common slope p .̂ It also

assumes that E( 6"., ) = 0, Var( ) = c r / ,  cov( , £■„. ) = 0, and cov( f,.,, ) = 0 (f and t ’ are

two separate occasions). Random terms //q, and f,., are both Normally distributed with

mean 0 and variance <7q and , respectively.
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The variable X can be a level-2 covariate (constant over occasions, such as gender or 

birthweight) or a level-1 covariate (measured on each occasion). A non-zero coefficient (v )  

for the interaction term of X and age (Z) indicates that the effect of X on the response 

variable changes linearly with age.

Repeated observations y„ and from the same individual (at occasions t and r’) are usually 

positively correlated and observations from distinct individuals are assumed to be 

independent. Model (3.4) can be extended to include further explanatory variables 

measured at either level, or extend the linear function of age to include higher order terms 

to describe the relationship between age and height The common slope can also be 

assumed to be random, so that each individual has its own growth trajectory.

Model (3.4) requires the estimation of fixed parameters a, and v ) and random

parameters {(Jq and o^^). The iterative generalized least squares procedure (IGLS) is used

in this study to estimate the fixed and random parameters (incorporated in MLwiN)

When the errors are Normally distributed, the procedure is equivalent to maximum 

likelihood estimation (MLE).

A key feature of a growth model is that the response variable is measured on the same scale 

at every occasion of interest, or otherwise making inferences on quantitative change or 

growth is meaningless. Growth models have flexibility for varied timing and spacing of 

time points. They do not require balanced data to obtain efficient estimates for the 

parameters if we can assume that data are missing at random (MAR) with regard to
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variables in the model. The issue of missing patterns of response variables is discussed later 

in this section.

In this current study, height measurements on cohort members are widely spaced, with four 

measures for each person throughout childhood to adulthood. Moreover, the age when final 

adult height was achieved is unknown. Thus a growth model may not be a practical 

approach for such data. Therefore, a model that can be applied to repeated measures with 

large time intervals is needed for the study of the growth trajectory of the 1958 cohort.

Multivariate response model

In life-course analyses, some health outcomes are naturally multi-dimensional with more 

than one response variable of interest. For example, systolic and diastolic blood pressures, 

or leg and trunk lengths. The degree of the correlation between these response variables 

may itself be important.

Repeated measures with a small number of measurements can also be considered as multi

dimensional outcomes, for example height or BMI measured on several occasions. A 

simple approach to data with multiple response variables is to carry out a univariate 

analysis for each response, and ignore the fact that measures made on the same individual 

are likely to be correlated (i.e. linear regression models described in §3.2). However, such 

an approach can only establish the association between the exposure and each response 

variable separately. Results (i.e. the strength of the association) cannot be compared 

directly across models.
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A multivariate response model models several response variables simultaneously Let y,y

be theyth response for ith individual (/=I,2,.. .n and7= 1,2,.../?), then thep  response 

variables can be modelled simultaneously as a function of explanatory variables. A simple 

multivariate response model with one common explanatory variable X may be formulated 

as

y,) = 2  (A« + )d„j (3.5)
1 = 1

A),y ~  Mo j "I" ^ij »

where dummy variables d indicate which response variable is present: duj =1 if l=j (ith 

individual has a measurement on jth  response) or duj =0 otherwise.

The fixed parameters jUqj and (/=1, 2, ..., p) represent the intercept and the regression 

coefficient for the covariate with respect to the jth  response variable.

The random effect £ij is the residual of observed data around the mean of the jth  response, 

which follows a multivariate Normal distribution, with E(fÿ)=0, Var (£ÿ)= (j/ , and Cov 

(%  £ÿ’)= CTjj. (i=l, 2, ..., M andj , j '  =1,2, ...,p ). Therefore the correlation coefficient 

between the7th and7’th responses is p ^ y  = < 7 .y l{ ( j j  X CTy), The covariance matrix is

assumed to be constant across the whole sample (for all i). However, a multivariate 

response model also allows us to explore non-constant covariance matrices, which can be 

specified in the model.

112



Hypotheses concerning the equality of subsets of parameters can be tested by constructing 

the appropriate contrasts or linear functions of the parameters. For example, the null 

hypothesis of similar effects of a level-2 factor on four response variables (p=4) can be 

expressed as Ho: H^p = 0 , where p = (y ĵ, » A  ’ A  the corresponding contrast for

testing Ho is

H=

1 0 0
-1 1 0
0 -1 1
0 0 -1

The null hypothesis Ho is equivalent to testing A  = A  = A, a n d ^  = A , simultaneously 

(or jointly).

Like a growth model, a multivariate response model can been considered as a multilevel 

model, where measurements (level-1) are nested within individuals (level-2). There is no 

level-1 variation specified in (3.5), as level-1 is used only to define the multivariate 

structure. However there is level-2 variation in the residual ê j (between individuals).

Model (3.5) can be extended to include further covariates at either level-1 or level-2.

In Chapters 4 and 6, multivariate response models are applied to examine the influences of 

early life factors on the height of cohort members (G2) at different ages, from childhood to 

adulthood. The four response variables are height SDS at ages 7, 11, 16, 33 years, internally 

standardised (§2.4.2) and are assumed to follow a multivariate Normal distribution 

N( p, E ), where p = (0,0,0,0)^ and
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%: =

1 ^ 7,11 ^ 7,16 ^ 7,33

^ 7,11 1 ^ 11,16 ^ 11,33

^ 7,16 ^ 11,16 1 ^ 16,33

^ 7.33 ^ 11,33 ^ 16,33 1

Assuming that individuals are the level-2 (i) units and the within-individual measurements 

are the level-1 (j) units, equation (3.5) with height measured at four occasions and one 

explanatory variable, X (e.g. individual level variable birthweight) can be expressed as:

y,y =  i^oii ^ P 2^i)^2ij (A)<3 '*'(^0/4 (^*^)

Poij ~ f^oj îj » “̂ 1» 2,, n and y =1, 2, 3, 4.

The fixed parameters ju^j and Pj (/=!, 2, 3, 4) represent the intercept and the regression

coefficient of the relationship between birthweight and the yth height measure. Since the 

response variables are on the same scale, differences in the effect of birthweight on height 

at all ages can be tested using a joint contrast test. If the null hypothesis of similar effects of 

birthweight on height at all four ages ( =constant) is rejected, then a further test of the

difference between every two successive ages (e.g. height at 7 and 11) may be used to 

assess the height gain (or growth rate) over two occasions.

Model (3.6) assumes that the variance at each age is 1 (between-individual variance). The 

covariance between height SDS measured at any two ages is Cov ) = (Tjj., which is

the same as the correlation coefficient between height SDS at two ages j  and j \  Additional
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covariates, measured at the individual level (level-2) or occasion level (level-1), can be 

easily incorporated into (3.6).

Like growth models, multivariate response models do not require complete data on 

response variables. The individual is included in the analysis even if height is missing on 

one or more occasions. Thus the number of observations per individual may vary. The 

estimated parameters are unbiased when data are missing at random (MAR) in which 

case the association between individuals with missing responses is on average similar to 

that observed for individuals with complete responses.

Multivariate response models can also be applied when response variables have different 

distributions, or when they are a combination of continuous and discrete variables. For 

example, we can examine three response variables, age of menarche (early, intermediate, 

late), height and weight (continuous) and their relationships with other covariates 

simultaneously, taking into account the inter-relationship between the response variables. 

Further extensions can be made when response variables are also measured repeatedly, e.g., 

height and weight are repeatedly measured.

Although the linear age trend of an effect can be tested directly using a growth model, a 

multivariate response model provides more detailed information on the change of an effect 

over time. For example, when there are three time points involved, non-existence of a linear 

trend shown in a growth model could actually be an increasing trend between the first two 

occasions and a decreasing trend between the last two occasions and this can be detected by 

a multivariate model.
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For a growth model where P  ‘\s the slope of the linear trend of an effect (the change in the 

effect for an increase of one year in age), the null hypothesis for testing a linear trend is Ho: 

P=Q versus the alternative hypothesis Hg: 0. In a multivariate response model, where

there are three response variables (height SDS at age 7, 11, and 16 years), the slope 

between the first two measures is {J3\\ -fii) /4, where ^  and are the effect of an early 

life factor on height at age 7 and 11 years, the slope between the next two measures is 

(Aô -P\\) /5, where ŷ 6 is the effect at age 16 years. Testing for a linear trend requires first 

testing for Ho: A  = Æ = 0 versus Hg: A  Pi If we fail to reject Hq, then we can 

conclude that there is no significant linear trend. However, if Hq is rejected, we need to 

further test for (1) Ho: = 0 versus Ha: y  ̂ ^ 0  (equivalent to pj =y^i) and (2) yÊ̂ = 0

(equivalent to P  \ - P ^  versus Hg: P  9̂ 0 . If results show that y  ̂> 0 and y^> 0 are both 

true, then we can conclude that there is a significant positive linear trend. If results show 

that y  ̂< 0 and y^< 0 are both true, then we can conclude that there is a significant negative 

linear trend. If results show that one slope is positive, and the other one is negative, or at 

least one is not significantly different from zero, then the tests are inconclusive.

For example, in the 1958 cohort, consider a test for the linear trend of an early life effect on 

growth trajectory, it is equivalent to testing for Ho: the effect is 0 at all occasions, or in 

other words, the effect of the early life factor on every two successive occasions are the 

same and are all zero (i.e. (y^i -y^)/4 = iPie-Pi)!^ =0). The contrast for testing the null 

hypothesis can be written as
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1 0 5
-1  1 - 9
0 - 1 4

If the null hypothesis is rejected, the contrasts for further tests can be written as

■ 1 ■ ' o '

- 1 and 1

0 - 1

Strictly speaking, the height of each cohort member was not measured at exactly the same 

time. As mentioned in §2.4.2, the relationships between several key variables and height 

were similar when using growth models with fixed ages of 7, 11, and 16 years and exact 

ages at measurement (data not presented). A multivariate response model, which requires 

age to be a fixed occasion, is therefore reasonable.

Multivariate response models (3.6) are applied to explore the influence of each early life 

factor (Chapter 4) or social class (Chapter 6) on height at different life stages 

simultaneously. These associations are further adjusted for potential confounding factors. In 

these analyses, the response variables are the internally derived height standard deviation 

scores (SDS) at ages 7, 11, 16 and 33 years (§2.4.2). Particularly, in Chapter 6, differences 

in height (SDS) among all social classes and between extreme groups at all ages, and social 

class differences in height at successive occasions (i.e. between 7 and 11 years; 11 and 16 

years, and 16 and 33 years etc) are tested using contrast tests.
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Limitations for the multivariate response models applied in this study include (1) it is not 

practical when the number of repeated measures is large and (2) the length of time between 

two measurements is not accounted for. Thus inferences made from the model are related to 

the relationship at particular ages, no inference can be made between any two occasions.

Missing at random

As described in §2.5.3, the achieved sample of the 1958 cohort reduced from 17,415 

subjects at birth to 11,407 subjects at age 33. In particular, not all cohort members had their 

height measured at all four occasions (7, 11, 16, and 33 years). Out of 16835 cohort 

members who had at least one height measure, 7430 (44.1%) individuals were measured at 

four occasions. Among those with incomplete measures, 1512 (9.0%), 2842 (16.9%), and 

5051 (30.0%) had one, two, or three measurements, respectively. The loss of response at 

each sweep may introduce selection bias.

Although statistical models for repeated measures used in subsequent analyses do not 

require complete data for the response variables, they however require the assumption that 

the response variables are missing at random (MAR), that is, the probability of missing 

response does not depend on the unobserved response, in order to obtain unbiased estimates

139

For data with a multivariate Normal distribution, Dixon (1983) proposed a multiple r-tests 

approach to multivariate data (i.e. p variables) For each response variable with missing 

values, the sample is split into two groups, which contain cases with that variable observed 

and cases with that variable missing, respectively. The means of the observed values of the 

other variables in the two groups are then compared by two sample r-tests, with non
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significant differences in the two means indicating that missing is completely at random 

(MCAR), that is, the probability of a missing response depends on neither the observed nor 

the unobserved response This procedure yields up to (p-1) f-tests for each variable.

Dixon’s multiple r-tests are applied here to test for the assumption that response variables 

(height at four ages) are MCAR. Table 3.2 provides differences in mean height SDS 

between non-missing and missing groups defined for each height measure and /7-values for 

the r-tests. Results show that children with missing height measures were consistently 

shorter at all ages and some differences are significant at levels between 0.01 and 0.03.

Table 3.2 Comparing mean height hy missing pattern at each age: difference (p-value)

7 years 11 years 16 years 33 years

d P d P d P d P

Missing/non-missing at 7 -0.041 0.19 -0.011 0.72 -0.005 0.87

Missing/non-missing at 11 -0.027 0.42 -0.074 0.02 -0.051 0.09

Missing/non-missing at 16 -0.051 0.02 -0.049 0.03 -0.021 0.35

Missing/non-missing at 33 -0.103 0.03 -0.109 0.03 -0.132 0.01

We further examine whether the missing patterns have an impact on the relationships 

between some early life factors (i.e. social class) and height at each age. We adopted a 

pattem-mixture model proposed by Park and Lee (1997) and applied it to the 

multivariate response models.
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We first fit a multivariate response model including only an explanatory variable of 

interest. The relationship between the explanatory variable and the response variable 

sometimes may be affected by the missing patterns; since the pattern of missing data can be 

related to the explanatory variable.

Assume that there are p  response variables. Let yij be the jth  response for the ith individual 

(i= l,2,...n  and j= l,2 ,...p), I be the index for thep  measurements, ^ b e  the number of 

distinct missing patterns, and Sk be a set of observations with missing data pattern k (k=l, 2, 

3, ..., Æ). To take account of the missing data mechanism, we consider the following 

extended model with one common explanatory variable x (i.e. social class)

^  (y i  h k ^ lk  A),/ Pl^i)^lij (3-7)
/=i &=i

Poij -  /̂ o y + îj »

where dummy variables d indicate which response variable is present: duj =1 if l=j (ith 

individual has a measurement on yth response) or duj =0 otherwise. 7 s are also dummy 

variables with Iik=l if the ith subject is in Sk and lik=0 otherwise. If the effect estimated 

from (3.7) differs from the one estimated from the model without the indicator for missing 

patterns, we might conclude that the relationship is affected by the missing patterns.

We first define an indicator variable for each missing data pattern. For four height measures 

there are a total of 14 distinct types of missing pattern. Denoting “A” as a response that is 

available and “M” as a missing response. Table 3.3 illustrates all the possible missing 

patterns. To classify the 14 missing patterns, we define 14 indicator variables for the ith
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cohort member with kth missing pattern as: In^=l or 7,^=0 otherwise (i=l, 2, . . . ,n  and ^ 1, 

2, . . K ) .

Because of the large number of missing patterns with four response variables, we first 

consider a simple model including only the intercept and 14 indicators to the data, 

assuming the assumption of equal covariance between height measures at any two ages. 

Based on the equalities of parameter estimators for the 14 indicators, the 14 missing 

patterns are combined into three broader groups, also shown in Table 3.3.

Table 3.3 Missing data patterns

Missing patterns* N (%) Occasion N(%)

7y lly 16y 33y

Group 1 6741 (40.04) M A A A 1086 (6.45)

A M A A 1185 (7.04)

A A M A 2344 (13.92)

A M M A 886 (5.26)

A A M M 607 (3.61)

A M M M 633 (3.76)

Group 2 1093 (6.49) M M A A 662 (3.93)

A M A M 112(0.67)

M M A M 109 (0.65)

M A M M 210(1.25)

Group 3 1571 (9.33) A A A M 436 (2.59)

M A M A 467 (2.77)

M A A M 108 (0.64)

M M M A 560 (3.33)

Total missingt 9405 (55.87)

All cohort members^ 16835 (100)

A=available M=missing
* Group 1-Group 3 are defined based on parameter estimators for 14 missing patterns 
t  any individuals with at least one height missing 
$ individuals with at least one height measure (included in the analysis)
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We fit the multivariate response models to the data with unstructured correlations, first 

including only social class variable (without indicators for missing patterns). Next we use 

Model (3.7) including the social class and also indicators for three broader groups of 

missing patterns (^ 3 ) . As shown in Table 3.4, both models show a strong influence of 

social class on height of cohort members at all ages. Moreover, the differences in the 

estimates for the social class effect on height at all ages between the two models are small. 

Therefore, there is no evidence that the missing patterns have affected the relationship 

between social class and height at any ages.

Table 3.4 Summary of models 1&2: estimates and their standard errors for social class at age 7

Model 1 1 Model 2 t

Response at P* s.e p-value P '* s.e p-value P-P'

Non-manual 7y 0.330 0.018 <0.001 0.324 0.018 <0.001 0.006

Non-manual l ly 0.313 0.018 <0.001 0.306 0.018 <0.001 0.009

Non-manual 16y 0.315 0.018 <0.001 0.308 0.018 <0.001 0.007

Non-manual 33y 0.278 0.018 <0.001 0.271 0.018 <0.001 0.007

t  Model 1 includes social class only (unadjusted)
$ Model 2 includes social class and indicators for three groups of missing patterns (adjusted) 
* Baseline is manual social class

Although results from Dixon’s tests show some evidence against the assumption of MCAR 

in our data, the significance levels are not conservative enough for a sample of this size and 

the large number of tests. Furthermore, the pattem-mixture model does not show a strong 

effect of the missing patterns on relationships between early life factors (i.e. social class) 

and height at all ages. Therefore there is no reason to suspect that missing patterns are not 

at random. Estimates are unlikely to be biased for the unbalanced data using multivariate 

response modelling to establish early influences on growth trajectory in Chapters 4 and 6 .
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3.3.2 Models for clustered data

In life-course studies, data are sometimes clustered within groups. For example, offspring 

of the 1958 cohort (G3) are naturally clustered within families.

Consider the sample has a 2 level hierarchical structure, where the offspring (G3) are “level 

1 (0” units and “level 2” (j) units are the families (i.e. cohort members). Let y,y be the height 

SDS of the fth child from family j. A simple two level model for the offspring (G3) with 

one level-1 explanatory variable X can be formulated as

ŷ j = + PiXjj + //^ + Ejj. (3.8)

There are two fixed parameters: j3o is the intercept and Pi is the regression coefficient for 

the explanatory variable. There are two random parameters: is the family-specific part

of the intercept, which indicates the unexplained difference between families controlling for 

the effect of the explanatory variable, and is the random error of the rth child in the yth

family, which indicates the unexplained variation among individuals within a family.

Model (3.8) assumes that random terms (//^ and ) are independently Normally

distributed with mean 0 and variance crj' and (7^ ,  respectively. It also assumes that 

Covi/LLj, ê j ) = 0. Model (3.8) requires the estimation of fixed parameters and P , and

random parameters (T^^and c r/ . The variance of the response y ,̂ given the fixed 

parameters and the predictor, is

Var (y,y IA , A , ^̂ v) = Var ( //̂ . 4-f .. ) = ct/ +  c r / ,
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which is the sum of the level-1 variance and the level-2 variance. Model (3.8) implies that 

the total variance for height SDS of each child is constant and that the covariance between

two children in the same family is . The conditional covariance between response

measurements of two children in the same family is given by

Cov ( Mj + £ij, //; + ) = Cov ( //y , / /y ) = c r / .

Therefore the correlation coefficient of height SDS between two children within a family is

This correlation {p) measures the proportion of total variance that is between children in the 

same family. Model (3.8) can be extended to include further covariates measured at both 

levels to examine the relationship between X and Y adjusting for other characteristics.

Response variable is expressed as the sum of a fixed part ( and a random part 

(//y + 6",y ). Unlike the standard linear regression model, or analysis of variance (ANOVA)

the multilevel model includes more than one residual term. Thus iterative Generalized 

Least Squares (IGLS) is applied to estimate fixed and random parameters

In Chapter 6, height gain of the offspring with respect to their parents in relation to social 

class of origin is assessed using a two-level model (3.8), where X is the social class of 

origin and age of the child is an additional covariate.
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3.3.3 Models for comparing height across two generations

Consider the two generations of the 1958 cohort (G2 and G3), where individuals are 

clustered within the family (i.e. one parent and several offspring). Firstly, heights of parent 

and offspring from the same family are correlated, with a correlation coefficient of 0.43. 

Secondly heights of offspring within the same family are correlated, with a correlation 

coefficient of 0.39. We define family members (G2 or G3) as level-1 units, and families as 

level-2 units. Within level 1, indexed by i, the parent (G2) is i=l and the offspring (G3) are 

1=2, 3, ..., My for Kj -1 children. Therefore, level-1 units are clustered within level-2.

Assume that the response variable follows a Normal distribution. Let yij be the response of 

individual i in family j  {1=1 , 2 , ..., nj and j= l ,2 , ..., m), then the response variable can be 

modelled as a function of an explanatory variable (at either level). A single two-level model 

with one level-1 explanatory variable X can be formulated as

y,y ~  i ^ O j  (Voij (3«9)

A  j -  A  + M2 J

7oij=ro+M3j+£ij,

where d2ij =1 if i=l (subject is G2) or d2ij =0 otherwise and dsÿ =1 if f>l (subject is G3) or 

d îj =0 otherwise (i.e. d2ij + d îj =1).

The fixed parameters J3q and Yq represent the mean intercepts, and and Yi represent the

regression coefficients for the explanatory variable, for cohort members and their offspring 

respectively.
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The parameters are random effects (between-families) for G2 and G3 with

mean ) = 0 and E( ) = 0, respectively. The parameter 6",̂  is the level-1 residual for 

the offspring with ~N(0, c r / ).

Model (3.9) assumes that there is no level-1 variance (variance between subjects within a 

family) specified for G2 as there is only one cohort member in a family. The level-2 

variation is the between family variance

Var(//2^ )= (% /.

For the offspring (G3), the level-1 variance (within-family variance) and the level-2 

variance (between-family variance) are Var (gÿ) = c r / and Var (//^^ ) =cr^  ̂respectively.

Thus the total offspring variance is crf  ̂+ CTj .̂ Assuming that the covariance between 

cohort members and their offspring is Cov ( //jy , Msj ) = ̂ 23 also Cov ( ju^j, £̂ j ) = 0, the 

correlation between cohort members and their offspring is therefore

P 23 =
(67/ ( 673'+ ( % /) ) ' ' '

and the correlation between children (G3) from the same family is

<7/
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Suppose there are m and k individuals in G2 and G3, respectively (k  = ^ t i j  - m ) .  The
7=1

response variables for G2 and G3 are donated by column vectors y 2 = (y2P—’ y in ^  

y 3 == (^31V-, ' The sets of covariates or explanatory variables are arranged as

m x p  and k x p  matrices X 2 and X 3. The sets of parameters are vectors of dimension p, 

denoted by P2 = ( A p - ,  A p ) and P3 = (>̂ 3 1 ). Model (3.9) can also be expressed in 

the form

\  A V r \  /  .. \X2 0
0 X ,;

Figure 3.1 illustrates an example of two generations from three families; “Family 1” has a 

cohort member but no children, either he/she had no children by age 33 years or they were 

not selected for the offspring sample, “Family 2” includes a cohort member and two 

children, and “Family 3” includes a cohort member and one child.
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Figure 3.1 An example of tw o generations from three families

Level 2-families

CM G2

G3
2nd

Level 1-individuals (G2 or G3)

If we re-organize the individuals so that those from the same family are adjacent, the 

covariance matrix V of the response variable for the six individuals from three families 

given in Figure 3.1 can be written as

CTj (^23 0-23

0-23 0-3 +  O-' 0-3

<^23 ^ 3 o-j +  <t ;

0^2 C 23

0-23

The “block diagonal” structure reflects the fact that the covariance between individuals in 

different families is zero. It can be extended to any number of families.
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The generalized least square estimation (GLS) for the fixed parameters is

T -1 - I T  -1
p = (X V X) X V Y,

where V is the “block diagonal” covariance matrix for height as defined above for all 

families.

When subjects in the sample are independent of each other, the matrix V then becomes the 

identity matrix (I), and p is the OLS estimator: p = (X X) X Y

The OLS estimator can be calculated directly. But for the GLS estimator where subjects are 

not independent, the matrix V is dependent on random parameters ( (J^ , and

). The estimation procedure for both fixed and random parameters has to be iterative 

(IGLS).

Model (3.9) not only takes into account the correlation between offspring, but also between 

children and parents (cohort members). Because cohort members and offspring are in the 

same model as well as at the same level, the fixed parameters can be compared across the 

two generations and the statistical significance of the differences in the effects of early life 

factors on height can be tested using contrast tests.

In Chapters 5 and 6, we make comparison of early life influences on childhood height in 

two generations (G2 and G3). In both analyses, external height standard deviation scores 

(SDS) for G3 and G2 based on the 1990 British growth reference are used Social class
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gradients in height are assessed by testing the linear trend of the effect of social class, 

which is treated as a continuous variable.

To illustrate, Table 3.5 displays regression coefficients (s.e.) for the univariate associations 

between each of two covariates: birth weight and maternal age and height SDS of G2 and 

G3. Results in Table 3.5 are estimated from (1) separate linear regression models for both 

generations (ignoring the correlation structure completely), (2) linear regression models for 

G2 and a two-level model for G3 (ignoring the correlation between G2 and G3), and (3) a 

single model (3.9) for both generations.

As shown in Table 3.5, the estimated effects of birthweight and maternal age on height of 

G3 is largely reduced once the correlation between G2 and G3 is accounted for. Table 3.5 

also suggests that the estimated effects of both factors are only slightly over-estimated in 

G2 by using separate models. This is because about 20% of families had children. Although 

the estimated effects change little in G2 by including the offspring in the model, differences 

in estimated effects in G3 are pronounced. This is due to the fact that most offspring had 

their parent (i.e. cohort members) in the study sample. Therefore including both generations 

in the same model has a greater effect on results for G3 than for G2.
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Table 3.5 Regression coeffîcient fi(sé)  of height on birthweight and maternal age using a single model 

and separate models for G2 and G3

Covariate Separate modelsf Separate models^ Model (3.9)

G2 G3 G2 G3 G2 G3

Birthweight (kg) 0.53(0.02) 0.39(0.04) 0.53(0.02) 0.37(0.04) 0.51(0.02) 0.32(0.04)

Maternal age (year) 0.009(0.002) 0.018(0.007) 0.009(0.002) 0.013(0.006) 0.008(0.002) 0.004(0.006)

t  linear regression models for 02  and 03, separately 

t  a linear regression model for 02  and a multilevel model for 03

This example indicates the importance of choosing an appropriate model which takes 

account of the underlying covariance structure. Therefore, in Chapter 5, model (3.9) is 

applied to compare early life influences on childhood height in two generations (G2 and 

G3). Additional covariates are added to the model to make adjustment for first parental 

height, then fetal and infant factors, and finally early environmental factors. Model (3.9) is 

also used in Chapter 6 to compare the social inequalities in height in two generations.

Most models discussed in §3.2 and §3.3 have been applied to the analyses in subsequent 

chapters. Statistical methods described below (also listed in Table 3.1) have not been 

applied here, but are useful in life-course analyses.
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3.4 Causal modelling in path analyses

Examining the relationship between two variables sometimes requires assumptions about 

which is the “cawje” and which is the ''ejfecf. Variable X is a cause of variable Y when a 

change in X leads to a change in Y. The “cause” must happen before the “effect”. For 

example, consider the relationship between maternal smoking and birthweight, we might 

assume that maternal smoking is the “cause” and birthweight is the “effect”, because 

maternal smoking might influence birthweight, but not the other way around.

There are two types of effect in causal relationships: a direct effect occurs when a variable 

has an effect on another variable without a third variable intervening between them, and an 

indirect effect occurs when a third variable (intermediate variable) intervenes in the 

relationship. Thus intermediate variables serve as responses to some variables, which in 

turn are explanatory variables to the others:

Exposure Intermediate Variable-^ Response.

For example, birthweight is a response to maternal smoking during pregnancy, but it is also 

an explanatory variable for height.

A collection of variables may be viewed as a system in which a directional assumption for 

each pair of variables is made. The response variables may affect each other and be affected 

by the explanatory variables.
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Ordinary regression models or generalized linear models have been used in a life-course 

study for the relationships between one dependent variable and several explanatory 

variables from different stage of the life-course Variables are grouped within a

conceptual framework according to the stage of the life-course These conventional 

methods can estimate the relative impact of variables within a causal structure by adding 

exposures from different life stages, separately, into the model. However, these methods 

have their limitations when the path structure is complicated or there are a number of 

dependent variables in a system of interest, as they do not provide estimates of the 

correlation structure between variables.

Causal modelling is usually used in path analysis. It involves estimating of the parameters 

in a system of simultaneous equations relating dependent and explanatory variables. Causal 

modelling not only examines the relationship between explanatory and response variables, 

but also the correlation structure between variables in the system.

Path diagrams give the explicit causal connections between variables and play an important 

role in path analysis. They are frequently used to describe the causal relationships and are 

particularly useful for testing life-course hypotheses such as how the biological and early 

life factors directly and indirectly affecting the adult health outcome. A one-way arrow 

between two variables indicates the expected causal connection. For example, early life 

circumstances are associated with growth. As shown in Chapter 1 (Figure 1.2), a two-way 

arrow indicates that the variables may be correlated. Prepubertal growth is associated with 

age of maturation, which in turn is associated with post-pubertal growth trajectory. Since 

the cause must precede the effect, the time order should be considered in the path diagram.
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3.4.1 Path analysis

Path analysis examines patterns of relationships between a number of response and 

explanatory variables and provides quantitative estimates of the likely causal connections 

between sets of variables. In a path analysis, there are two kinds of variables: exogenous 

variables, which are not influenced by other variables, and endogenous variables, which are 

affected by other variables.

Figure 3.2 illustrates the path relationships involving four variables: maternal smoking 

during pregnancy, birthweight, body mass index (BMI), and blood pressure The direct 

effect of one variable on another variable is given in the diagram as pl-p6. Maternal 

smoking may have a direct effect on blood pressure (pi). There may also be an indirect 

effect of maternal smoking on blood pressure: maternal smoking affects offspring BMI 

(p5), which in turn affects blood pressure (p6); maternal smoking affects birthweight of the 

offspring (p2), which in turn affects blood pressure (p3); and maternal smoking affects 

birthweight (p2) again, but this time it affects offspring BMI (p4), which in turn affects 

blood pressure (p6). In addition, birthweight may have a direct effect on blood pressure 

(p3) and an indirect effect through BMI (p4), which in turn affects blood pressure (p6). 

Finally, BMI may have a direct effect on blood pressure (p6) but no indirect effect.
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Figure 3.2 Path diagram for blood pressure

pi

BMI

Birthweight

Blood pressureMaternal smoking

In the case of Figure 3.2, three structural equations can be written, one for each endogenous 

variable. Included in each equation are those variables that directly affect the endogenous 

variables. A path coefficient is a standardized regression coefficient which can be estimated 

from the following structural equations

(1) Birthweight Smoking + ei

(2) Blood pressure Smoking +y^ Birthweight BMI +

(3) BMI Smoking +ŷ 4 Birthweight + gg
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where ei is the amount of variation in birthweight that is not accounted for by maternal 

smoking, 62 is the amount of error arising from the variation in blood pressure that is not 

explained by maternal smoking, birthweight, and is the amount of variation in BMI that 

is not explained by maternal smoking and birthweight.

The path coefficients are estimated from the structural equations, which are treated as 

multiple regression models ignoring the intercept terms. The intercept term can be omitted 

if we assume variables and residual terms are all standardized with mean zero and variance 

one. The standardized coefficient for maternal smoking (fi)  in (1) provides p2. The 

coefficients for maternal smoking, birthweight, and BMI in (2) will provide p i, p3, and p6, 

respectively. The coefficients for maternal smoking and birthweight in (3) will provide p5 

and p4.

The path coefficients are comparable because they are standardized. The total causal effect 

of one variable X on the other variable Y is the sum of the values of all the direct or indirect 

paths from X to Y. The total causal effect of maternal smoking on blood pressure is the 

direct effect of the maternal smoking plus the indirect effects, which equals

p i + (p2*p3) + (p5*p6) + (p2*p4*p6).

As indicated in Table 3.1, one of the main advantages of structural equations is that they 

enable us to examine the causal process underlying the observed relationship and to 

estimate the relative importance of alternative paths of influence. Structural equations can 

also be used when there is more than one response variable in a system. However, path 

analysis does not establish causality and can’t determine the underlying causal structure as
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described in Table 3.1. It depends on our own view about the likely causal links among 

groups of variables. It also requires variables to be Normally distributed. Structural 

equations are not used in the current analyses, as the objectives are to investigate the 

influences of early life factors on growth, rather than the causal connection between 

variables.

Variables are sometimes divided into (1) variables that can be directly observed (manifest 

variables) and (2) variables that are hypothetically constructed, such as social class and 

social support (latent variables). Latent variables are usually not directly observable For 

example, a linear growth model (3.4) described in §3.3.1 can be considered as a latent 

growth model, because the trajectory or the growth curve is unobservable depending on the 

unobserved latent variables (i.e. random intercept).

In a life-course study, interest usually centres on examining the pattern of relationships 

between three or more variables simultaneously. For example, we consider whether the 

observed relationships between more than two variables can be explained in terms of one or 

more other variables. If the possible explanatory variables are actually observed (as in the 

given example on birthweight and BMI), then the conventional methods described so far 

are adequate to determine whether they account for the relationships amongst the other 

variables When the possible explanatory variables or dependent variables cannot be 

directly observed, common methods of analysis include structural equation models 

The Linear Structural Relationships (LISREL) model may be used in path analysis 

involving continuous latent variables. Latent class analysis is sometimes used in causal 

modelling when both manifest and latent variables are categorical

137



3.4.2 Event data

Most statistical approaches described so far (except for growth models) are based on a set 

of well-defined occasions when individuals are measured. An alternative way is to follow 

individuals through time to record the time at which a specified event takes place, for 

example death, where the main interest of a study is the survival time after an event.

In life-course studies, we sometimes want to assess how much a time-dependent exposure 

variable affects the response variable. Including time in the study may help strengthen the 

inference we make (i.e. growth models). A new challenge arises when there are time- 

dependent covariates involved, which may not be pure confounders since the effect of the 

exposure on the outcome can be mediated through the effect of the intermediate variable, 

which in turn is a risk factor for the outcome A factor that is both a confounder and an 

intermediate variable is only possible when the exposure is itself time varying. As shown in 

the earlier example in §3.2, higher blood pressure may be a confounder for the effect of 

smoking and an intermediate variable on the causal pathway of smoking on mortality. As 

another example, consider the association between the socio-economic status (time- 

dependent exposure) and offspring height at each age. However, those from lower socio

economic groups are more likely to live in overcrowded accommodation and have poorer 

nutrition; both of which are associated with a high infection rate, which in turn relates to 

poor growth. Thus crowding and nutrition in childhood may be confounders for the effect 

of socio-economic status, and also intermediate variables in the causal pathway from socio

economic status to offspring height. Special techniques are required when a variable is both 

a confounder, which should be controlled for in the analysis, and an intermediate variable, 

which should not be controlled for. In the presence of such covariates, standard approaches 

for the adjustment for confounding factors are inappropriate.
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Event history modelling generalizes the confounder-intermediate variable to the time- 

dependent exposure variable. G-estimation, proposed by Robins estimates the causal 

effect of a time-dependent exposure on the outcome variable in the presence of time- 

dependent covariates that may be simultaneously confounders and intermediate variables. It 

estimates the parameters of a new class of causal models, the structural nested failure time 

models

3.5 Summary

The 1958 birth cohort has a longitudinal structure in the cohort generation (02) and a 

nested structure in the offspring generation (03). Furthermore, cohort members and 

offspring are clustered within families. These data structures have implications for the 

statistical appropriateness of different methods. Height is mainly influenced by genetic and 

environmental factors, the latter acting mainly in childhood, rather than by accumulation 

over long periods of life. Therefore multiple regression models are appropriate to examine 

the effects of early life factors on height of cohort members (02) at a specific age, adjusting 

for confounding factors where appropriate.

Analysing growth trajectories of cohort members (02) involving repeated height measures 

and this requires methods that take account of the covariance structure, in order to obtain 

efficient estimates of the parameters and to assess both within-individual and between- 

individual variation. Although the heights of cohort members were not measured at exactly 

the same time, a growth model relating height at each age and some key variables (i.e.
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parental height and social class) using exact ages and fixed ages showed only small 

differences. Therefore, multivariate response models were adopted to describe the growth 

trajectories, where ages were treated as fixed occasions (Chapters 4 and 6).

For analyses involving the offspring, the nested nature of the data requires methods that 

deal with the correlation of children from the same family. A two-level model was applied 

in Chapter 6 to examine the social class differences in height increment between two 

generations. Furthermore, height is also correlated across the two generations, with more 

variation in height among individuals from different families than those from the same 

family. Thus a single two-level model is applied to G2 and G3 simultaneously to make 

comparisons of early life influences on growth of two generations. All statistical analyses in 

this study are carried out using statistical packages S AS for UNIX and MLwiN.
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Chapter 4

Influences on childhood growth, puhertal 

development, and final height

4.1 Introduction

As mentioned earlier (§1.1.2), adverse early circumstances are associated with adult disease 

risks Recent evidence has suggested that impaired early growth is also linked to 

increased blood pressure and cardiovascular disease Poor growth in childhood 

resulting from unfavourable early conditions may underlie the relationships between early 

exposures and later diseases. Therefore, the associations between early life circumstances 

and growth in height are of great interest in relation to a wide range of health outcomes in 

adulthood.

It has been well accepted that height is largely determined by genetic factors, and partly by 

early environmental factors (§1.2.2). However, the long-term impact of early environmental 

conditions on growth in height is not well understood, though it is believed that their 

influences on height are affected by their influences on tempo of growth. For example, 

children from less favourable backgrounds tend to grow slower in early life, mature later 

and catch up at a later stage compared to those from a more favourable background
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Socio-economic conditions, such as early nutrition, family size, maternal age at childbirth, 

social class, parental educational level, and housing conditions are found to be associated 

with height. Another group of environmental factors that might influence growth are 

conditions associated with fetal development. Although smoking during pregnancy is 

known to have a strong influence on birthweight and birth length, which are both in turn 

strongly associated with childhood and final height evidence on whether maternal 

smoking represents a lasting effect on growth is not consistent It has also been

recognized that childhood stress and illness are associated with slow growth and short adult 

stature

Early circumstances that affect growth may also have an impact on the age of maturation. 

Early influences on final height start in early childhood and are mitigated by the extension 

of growth period. Therefore examining the influence of early life factors on growth 

trajectories and pubertal development rather than height at a given age may help us to 

identify “critical periods” of early life exposures for future disease.

Objectives

A wide range of factors have been identified to be associated with height of the 1958 birth 

cohort in previous studies ^7.68.70,84,92.94.153-158 development has been explored in

relatively few studies of the cohort so far. Within the cohort, early maturation was found to 

be associated with high BMI at ages 7-33 years although early menarche was also 

reported for girls who were under or average weight An association between region and 

age of menarche has been reported, which was not attributed to social class The 

distribution of age at menarche was not influenced by social class There was little
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evidence on the associations between a wider range of early life conditions and age of 

maturation in the 1958 cohort.

Methodologically, results reported on the cohort were all based on relationships between 

early life factors and height at one age. Statistical methods used have ignored the fact that 

measures made on the same individual were correlated. Little is known about the 

longitudinal influences of early conditions on growth trajectories. This chapter examines 

the early life influences on height at four different ages simultaneously, from early 

childhood until the achievement of final adult height, in order to make comparison of the 

early influences on growth at different life stages, to establish their impact on growth 

trajectories. The specific aims are:

i) to investigate growth trajectories and early life factors in relation to pubertal 

development; and

ii) to examine early life influences on height of cohort members at ages 7, 11, 16, and 

33 years simultaneously to establish their roles at each growth phase and the extent 

to which associations remain with adult height.

Influences investigated included: (a) parental height, an indicator of genetic potential, (b) 

maternal smoking during pregnancy and birthweight, indicators of fetal environment, (c) 

early circumstances of cohort members in terms of family size and level of crowding, 

indicators of social disadvantage and the standard of living (d) parental separation or 

divorce, a major contribution to family conflict and psychosocial influence related to slow 

growth in childhood and (e) childhood disability, an indicator of health status in early 

life, on growth and final height. This current analysis was extended to assess the effect of
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the timing of parental divorce in order to establish the “critical period” of the exposure that 

resulted in the reduction of growth and whether that reduction was attributable to the stress, 

or to the socio-economic hardship following the divorce. Social class was adjusted for in 

order to understand the different aspects of socio-economic circumstances in early life. The 

influence of social class on growth of cohort members is further investigated in detail in 

Chapter 6.

4.2 Methods and measures

Detailed descriptions of height and pubertal development, and information of early 

environment and childhood health used in the current analyses are given in §2.3. A 

summary of main variables is shown in Table 4.1.

Response variables, internally derived height SDS at all ages (§2.4.2), stage of pubertal 

development at 16 years for boys, and age of menarche for girls were all investigated. In 

this analysis, three categories, “early”, “average”, and “later” were used for both sexes as 

indicators of pubertal development of cohort members (§2.3.2)
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Table 4.1 Summary of variables used in Chapter 4

Factors n Mean (s.d.)

Height at 7 (cm)

Boys 7036 122.8 (5.8)

Girls 6598 121.9 (6.1)

Height at 11 (cm)

Boys 6494 143.9 (6.9)

Girls 6195 144.7 (7.5)

Height at 16 (cm)

Boys 5746 170.2 (7.9)

Girls 5382 160.9 (6.2)

Height at 33 (cm)

Men 7105 176.8 (6.9)

Women 7515 162.4 (6.5)

Maternal height (cm) 17812 161.0 (6.4)

Paternal height (cm) 13133 174.5 (7.4)

Birthweight (g) 16052 3332(524)

Maternal age (y) 17397 27.5 (5.7)

n Percent %

Stage of pubertal development at 16 in boys

Early 1361 23.9%

Average 3723 65.3%

Late 618 10.8%

Age of menarche in girls

Early (9-1 ly) 695 15.4%

Average (12-14y) 3505 77.5%

Late (15y+) 324 7.2%

Maternal smoking 17186 33.6%

Family size at 7 14590

3+ 56.3%

Over-crowding at 7 13945

1.5+ persons/room 19.5%

Parental divorce 11278

0-7y 3.5%

Disability 14627 5.1%
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Growth trajectories of early, average, and late developers were examined. The associations 

between early life factors and pubertal development were analysed using analysis of 

variance (ANOVA) for continuous variables (§3.2) and c/u-squared tests for discrete 

variables.

As explained in §3.3.1, multivariate response modelling was used here to explore the 

relationship between early life factors and response variables, height at 7, 11, 16, and 33 

years simultaneously, with ages as fixed occasions. The model not only takes account of the 

correlation in height measures within the individual, but also allows the inclusion of cohort 

members who did not have all four measurements.

The unadjusted relationships between height at all ages and each factor were examined 

simultaneously. They were then adjusted for parental height, birthweight, and finally socio

economic factors of family size and social class. Analyses were restricted to cohort 

members (02) with at least one height measurement and complete information on each 

specific factor of interest and confounding variables in order to include as many subjects as 

possible. It has been shown in Chapter 3 (§3.3.1) that response variable (height) is missing 

at random (MAR) and the missing patterns do not affect the relationships under 

investigation. The influence of each factor on growth trajectories was first examined using 

the joint contrast test for the hypothesis concerning the equality of the parameters at four 

occasions. If the null hypothesis of similar effects on height at all ages was rejected, we 

further tested the difference between pairs of parameters (e.g. height at 7 and 11). The 

difference in height gain (or rate of growth) over two ages between sub-groups (e.g. 

children of large and small families, smoker and non-smoker mothers) was also tested using 

contrast tests.
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Additional analyses were carried out to examine (1) the growth patterns for children of low 

birthweight for premature and term infants, separately, and (2) the association between 

family size and height at all ages for manual and non-manual social classes, separately, to 

determine whether the association is modified by social class. As boys and girls have 

different growth patterns due to their different growth tempo, each sex was analysed 

separately throughout the chapter. Age 20 years was used for final achieved height in all 

figures (Figures 4.1-4.9) to avoid the large time interval from 16 to 33 years, which might 

underestimate the rate of growth after age 16.

4.3 Results

As described in Chapter 3, a total of 16835 cohort members had at least one height 

measure, with 1512, 2842, 5051, and 7430 members having one, two, three, or all four 

measurements, respectively.

4.3.1 Childhood and final adult height

Table 4.2 illustrates the strength of correlations between height measures within 

individuals. The strong positive correlations confirm the importance of using multivariate 

response models. As expected, correlations were generally greater over shorter intervals 

than longer ones, except for girls, where the correlation with adult height (16 and 33 years) 

was greater for height at 7 than height at 11. The correlation between height at 7 years and 

final adult height was the same (0.70) for boys and girls. Boys had a higher correlation with 

adult height at age 11 years, but a lower correlation at 16 years compared to girls, reflecting
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their later pubertal growth spurt compared to girls. The correlation between height at ages 

16 and 33 was much stronger among girls since most girls had achieved final adult height 

by age 16 whereas many boys had not (Table 4.2).

Table 4.2 Correlation coeffîcients between height measures (G2) at different ages

Boys Girls

Age (y) 7 11 16 33 7 11 16 33

7 1.00 1.00

11 0.87 1.00 0.83 1.00

16 0.76 0.84 1.00 0.74 0.72 1.00

33 0.70 0.72 0.77 1.00 0.70 0.66 0.92 1.00

4.3.2 Growth of early, average, and late developers

Far from parallel lines, there were marked differences in growth trajectories between early 

and late developers as illustrated in Figure 4.1. Early developers were taller throughout 

childhood than late developers, but late developers caught up in later puberty.

Among boys, early developers, defined as top 23.9% ratings based on Tanner’s stages 

(§2.3.2) were on average 1.7 cm taller, while late developers (bottom 10.8% ratings) were 

2.7 cm shorter than the average developers at age 7 (Figure 4.1-a). The differences 

increased to 3.1 cm and 3.8 cm at 11 years, respectively. By age 16 the difference was 2.7 

cm between early and average developers and had reached 8.3 cm between late and average 

developers. After age 16, the difference between early and average developers disappeared, 

and only a smaller difference of 1.1 cm (p<0.001) remained in adult height between
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average and late developers. Thus, pubertal rating at age 16 provided an indication of 

residual growth potential in boys.

Girls demonstrated a different growth pattern and were normally ahead of boys at all stages 

of puberty. At age 7, girls who matured early (menarche 9-1 ly) were on average 2 cm 

taller, while girls who matured late (>14y) were 2.6 cm shorter than the average developers 

(menarche 12-14y). The difference was the greatest at 11 years, as girls who matured 

earlier had started their pubertal growth spurt earlier than other girls. In particular, girls 

who matured early were on average 5.3 cm taller, while girls who matured later were 5.5 

cm shorter than average developers. By age 16, early and average developers had reached 

the same average height, but the late developers remained to be 2.5 cm shorter than other 

girls. Late maturing girls continued to grow after age 16 and by adulthood, they caught up 

with normal maturing girls, whereas early maturing girls who achieved final height earlier 

were on average 1 cm shorter than other girls in adulthood (p=0.001).
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Table 4.3 Stage of pubertal development at age of 16 in boys in relation to biological and 

early life factors (G2)

Factors N Early Average Late

23.9% 65.3% 10.8%

Mean t

Maternal height (cm)* 5487 161.5 161.1 160.7

Paternal height (cm)* 4665 174.8 174.7 173.6

Birthweight (g ) 5110 3408 3408 3358

Maternal age (y)* 5290 27.5 27.4 26.8

% t
Maternal smoking 5222 30.8 33.3 30.5

Large family (3+)* 4889 51.4 55.9 64.0

Over-crowding (1.5+)* 4746 15.7 19.0 23.9

Social class IV&V* 5370 22.0 24.1 27.8

Parental divorce at 0-7y 3785 2.7 3.2 2.3

Disability at 7y 4912 5.6 5.4 5.7

t  differences between early and late with respect to average developers are tested using ANOVA 
$ differences are tested using chi-squared test 
* p<0.05

Table 4.4 Age of menarche in girls in relation to biological and early life factors (G2)

Factors N Early (9-1 ly) 

15.4%

Average (12-14y) 

77.5%

Late (15y+) 

7.2%

Mean t
Maternal height (cm) 3786 161.1 161.0 161.2

Paternal height (cm) 3746 174.7 174.6 173.8

Birthweight (g) 4117 3273 3261 3260

Maternal age (y) 4229 27.5 27.4 27.5

% t

Maternal smoking 4182 30.8 31.6 29.5

Large family (3+)* 3957 48.3 56.5 64.7

Over-crowding (1.5+)* 3831 14.0 19.1 28.9

Social class IV&V* 4313 25.3 23.1 32.9

Parental divorce at 0-7y 3366 4.2 3.4 3.9

Disability at 7y* 3967 3.0 3.6 7.1

t  differences between early and late with respect to average developers are tested using ANOVA 
t  differences are tested using chi-squared test 
* p<  0.05
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4.3.3 Factors influencing onset of puberty

Among boys, parental height, maternal age at childbirth, family size, household crowding, 

and social class were significantly associated with pubertal development at age 16 years 

(Table 4.3). Early developers were linked to taller mothers and less crowding, while late 

developers were linked to shorter parents, younger mothers, more over-crowding, larger 

families, and lower social class (IV&V).

Among girls, paternal height, family size, household crowding, social class, and childhood 

disability were all significantly associated with age of menarche (Table 4.4). Early 

maturation was linked to smaller family size and less crowding, while late maturation was 

linked to more over-crowding, larger families, lower social class (IV&V) and childhood 

disability.

4.3.4 Factors influencing childhood growth and final adult height

As shown in Tables 4.5 and 4.6, the effects of parental height, birthweight, maternal 

smoking during pregnancy, family size, household crowding, parental divorce (females) 

and disability in early childhood were significantly associated with height in childhood and 

adulthood. Their influences were established by age 7, but the strength of these influences 

differed by growth stage due to their impact on pubertal development.

Parental height

From Table 4.7, it can be seen that parental height was positively associated with height of 

cohort members at all ages, with the relationship stronger for adult height than childhood 

height. For every SD increase in maternal height, height at age 7 increased by 0.37 SD in
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boys and 0.38 SD in girls, and adult height increased by 0.45 SD. Similarly, for every SD 

increase in paternal height, height at 7 increased by 0.35 SD, and adult height increased by 

0.42 SD in men and 0.40 SD in women. The effect of maternal height attenuated after 

simultaneous adjustment for paternal height, but substantial effects remained and likewise, 

for paternal height (Tables 4.5 and 4.6). The association of mid-parental height SDS with 

cohort member growth was affected little by adjustment of other factors (Figure 4.2). 

Accordingly, mid-parental height captures the joint effects of both parents and shows 

stronger effects (0.55-0.72) than that for one parent (0.31-0.46) (Figure 4.2).
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Table 4.5 Estimated effects (s.e.) of parental height (Gl) and early life factors on height (SDS) of male cohort members (02)
Model (1) Model (2) Model (3) Model (4)

Height SDS at 7 11 16 33 7 11 16 33 7 11 16 33 7 11 16 33

Maternal height SDS 0.366* 0.386* 0.379* 0.452* 0.295* 0.315* 0.305* 0.368* 0.269* 0.289* 0.279* 0.341* 0.261* 0.281* 0.274* 0.339*

n=5633 (0.013) (0.012) (0.013) (0.012) (0.012) (0.012) (0.013) (0.012) (0.012) (0.012) (0.013) (0.012) (0.012) (0.012) (0.013) (0.012)

Paternal height SDS 0.352* 0.356* 0.364* 0.423* 0.273* 0.272* 0.282* 0.325* 0.261* 0.261* 0.271* 0.314* 0.244* 0.245* 0.260* 0.309*

71=5633 (0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.012) (0.012) (0.012) (0.013) (0.012) (0.012) (0.012) (0.013) (0.012)

Birthweight (kg) 0.493* 0.494* 0.489* 0.526* 0.367* 0.362* 0.366* 0.358* 0.367* 0.363* 0.366* 0.360*

77=5633 (0.025) (0.025) (0.026) (0.026) (0.024) (0.024) (0.026) (0.023) (0.023) (0.023) (0.025) (0.023)

Maternal smoking -0.192* -0.168* -0.151* -0.136* -0.152* -0.127* -0.110* -0.091* -0.109* -0.085* -0.068* -0.048* -0.083* -0.061* -0.052* -0.043

77=5576 (0.029) (0.029) (0.030) (0.030) (0.026) (0.026) (0.028) (0.027) (0.026) (0.026) (0.028) (0.027) (0.026) (0.026) (0.027) (0.027)

Social class 77=5633

i&n 0.468* 0.443* 0.363* 0.338* 0.303* 0.279* 0.233* 0.111* 0.287* 0.264* 0.217* 0.096* 0.245* 0.220* 0.180* 0.074*

(0.040) (0.040) (0.042) (0.042) 0.037) (0.037) (0.040) (0.036) (0.037) (0.036) (0.039) (0.035) (0.037) (0.036) (0.039) (0.036)

IBNM 0.362* 0.352* 0.297* 0.268* 0.229* 0.221* 0.199* 0.083 0.211* 0.203* 0.180* 0.064 0.150* 0.138* 0.127* 0.031

(0.050) (0.050) (0.052) (0.052) (0.046) (0.046) (0.049) (0.044) (0.045) (0.045) (0.048) (0.043) (0.045) (0.045) (0.048) (0.044)

IBM 0.143* 0.141* 0.101* 0.191* 0.090* 0.088* 0.060 0.027 0.093* 0.091* 0.062 0.029 0.067* 0.065* 0.040 0.016

(0.034) (0.033) (0.035) 0.035) (0.031) (0.031) (0.033) 0.030) (0.030) (0.030) (0.033) (0.029) (0.030) (0.030) (0.032) (0.029)

Large families (3+) -0.326* -0.336* -0.271* -0.199* -0.254* -0.262* -0.197* -0.114* -0.266* -0.273* -0.208* -0.125* -0.254* -0.264* -0.202* -0.124*

77=5633 (0.027) (0.027) (0.028) (0.028) (0.024) (0.024) (0.025) (0.023) (0.024) (0.023) (0.025) (0.023) (0.024) (0.024) (0.025) (0.023)
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Table 4.5 (cont.)

Height SDS at 7

Model (1)

11 16 33 7

Model (2) 

11 16 33 7

Model (3) 

11 16 33 7

Model (4)

11 16 33

Over-crowding( 1.5+) -0.488* -0.469* -0.385* -0.275* -0.303* -0.276* -0.186* -0.041 -0.319* -0.291* -0.201* -0.056 -0.231* -0.200* -0.140* -0.029

n=5633 (0.034) (0.034) (0.036) (0.036) (0.031) (0.031) (0.033) (0.033) (0.030) (0.030) (0.032) (0.030) (0.035) (0.035) (0.037) (0.035)

Parental divorce 0-7y -0.195* -0.228* -0.144 -0.112 -0.229* -0.263* -0.180* -0.156* -0.213* -0.246* -0.164 -0.138 -0.154* -0.195* -0.128 -0.120

n=3765 (0.101) (0.101) (0.106) (0.100) (0.091) (0.090) (0.096) (0.084) (0.089) (0.088) (0.095) (0.082) (0.088) (0.088) (0.094) (0.082)

Disability -0.172* -0.167* -0.124* -0.119* -0.157* -0.155* -0.110* -0.104* -0.125* -0.123* -0.078 -0.072 -0.111* -0.109* -0.069 -0.069

n=5618 (0.059) (0.059) (0.061) (0.060) (0.052) (0.052) (0.055) (0.051) (0.051) (0.051) (0.054) (0.050) (0.051) (0.050) (0.053) (0.050)

* p< 0.05
Model (1) unadjusted, Model (2) adjusted for maternal and paternal height, for maternal or paternal height themselves, each adjusted for height of the other parent. Model (3) adjusted for 
maternal and paternal height, and birthweight, and Model (4) adjusted for maternal and paternal height, birthweight, family size and social class
Note: (1) different sample size, which includes subjects with one or more height measures, complete information on parental height, birthweight, family size, social class and the factor of 
interest, was used for each row to achieve the maximum sample size. (2) Baseline groups are ‘non-smokers’, ‘social class IV&V’, ‘small families’, ‘uncrowded’, ‘no divorce by age 7y’, or 
‘no disability’.
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Table 4.6 Estimated effects (s.e.) of parental height (Gl) and early life factors on height (SDS) of female cohort members (02)
Model (1) Model (2) Model (3) Model (4)

Height SDS at 7 11 16 33 7 11 16 33 7 11 16 33 7 11 16 33

Maternal height SDS 0.379* 0.349* 0.461* 0.454* 0.309* 0.285* 0.376* 0.374* 0.282* 0.261* 0.347* 0.346* 0.274* 0.354* 0.342* 0.343*

n=5385 (0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.012) (0.013) (0.013) (0.013) (0.012) (0.013) (0.013) (0.012) (0.012)

Paternal height SDS 0.346* 0.314* 0.414* 0.398* 0.267* 0.241* 0.318* 0.304* 0.255* 0.231* 0.306* 0.292* 0.238* 0.215* 0.293* 0.283*

n=5385 (0.013) (0.013) (0.013) (0.013) (0.013) (0.013) (0.012) (0.012) (0.013) (0.013) (0.012) (0.012) (0.013) (0.013) (0.012) (0.012)

Birthweight (kg) 0.487* 0.444* 0.549* 0.527* 0.327* 0.294* 0.351* 0.332* 0.330* 0.296* 0.344* 0.325*

n=5385 (0.026) (0.027) (0.027) (0.026) (0.024) (0.025) (0.024) (0.023) (0.024) (0.025) (0.023) (0.023)

Maternal smoking -0.181* -0.193* -0.149* -0.152* -0.126* -0.142* -0.081* -0.085* -0.078* -0.099* -0.027 -0.034 -0.048 -0.073* -0.007 -0.021

n=5326 (0.029) (0.030) (0.030) (0.030) (0.026) (0.027) (0.025) (0.025) (0.026) (0.027) (0.025) (0.025) (0.026) (0.027) (0.025) (0.025)

Social class n=5385

I&n 0.423* 0.371* 0.416* 0.359* 0.206* 0.170* 0.151* 0.099* 0.195* 0.160* 0.140* 0.088* 0.161* 0.127* 0.123* 0.076*

(0.041) (0.042) (0.042) (0.042) (0.038) (0.039) (0.036) (0.036) (0.037) (0.038) (0.036) (0.035) (0.037) (0.038) (0.036) (0.035)

IHNM 0.352* 0.333* 0.414* 0.350* 0.171* 0.164* 0.190* 0.127* 0.161* 0.156* 0.181* 0.118* 0.110* 0.105* 0.156* 0.099*

(0.050) (0.051) (0.052) (0.051) (0.046) (0.047) (0.044) (0.043) (0.045) (0.046) (0.043) (0.042) (0.045) (0.046) (0.044) (0.042)

mM 0.108* 0.104* 0.117* 0.097* 0.061* 0.059 0.060* 0.039 0.057 0.056 0.057* 0.036 0.034 0.034 0.046 0.028

(0.034) (0.035) (0.035) (0.035) (0.031) (0.032) (0.030) (0.029) (0.030) (0.031) (0.029) (0.029) (0.030) (0.031) 0.029 (0.029)

Large families (3+) -0.305* -0.293* -0.183* -0.145* -0.249* -0.242* -0.118* -0.081* -0.266* -0.256* -0.135* -0.097* -0.255* -0.248* -0.126* -0.091*

n=5385 (0.027) (0.028) (0.028) (0.028) (0.025) (0.025) (0.024) (0.023) (0.024) (0.025) (0.023) (0.023) (0.024) (0.025) (0.024) (0.023)
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Table 4.6 (cont.)

Height SDS at 7

Model (1)

11 16 33 7

Model (2)

11 16 33 7

Model (3)

11 16 33 7

Model (4)

11 16 33

Over-crowding (1.54-) -0.535* -0.504* -0.363* -0.318* -0.394* -0.373* -0.188* -0.146* -0.408* -0.385* -0.204* -0.160* -0.310* -0.294* -0.145* -0.119*

n=5194 (0.035) (0.035) (0.037) (0.036) (0.031) (0.033) (0.031) (0.030) (0.031) (0.032) (0.030) (0.030) (0.033) (0.035) (0.033) (0.032)

Parental divorce 0-7y -0.170* -0.175* -0.202* -0.206* -0.090 -0.099 -0.100 -0.110 -0.050 -0.064 -0.060 -0.070 -0.033 -0.051 -0.050 -0.064

71=3932 (0.094) (0.094) (0.094) (0.092) (0.084) (0.085) (0.080) (0.077) (0.082) (0.084) (0.078) (0.076) (0.081) (0.083) (0.078) (0.075)

Disability -0.422* -0.442* -0.436* -0.402* -0.411* -0.434* -0.420* -0.387* -0.383* -0.408* -0.391* -0.360* -0.375* -0.401* -0.385* -0.356*

71=5370 (0.070) (0.071) (0.073) (0.071) (0.062) (0.064) (0.061) (0.059) (0.061) (0.064) (0.060) (0.058) (0.061) (0.064) (0.060) (0.058)

* p<  0.05
Model (1) unadjusted, Model (2) adjusted for maternal and paternal height, for maternal or paternal height themselves, each adjusted for height of the other parent. Model (3) adjusted for 
maternal and paternal height, and birthweight, and Model (4) adjusted for maternal and paternal height, birthweight, family size and social class
Note: (I) different sample size, which includes subjects with one or more height measures, complete information on parental height, birthweight, family size, social class and the factor of 
interest, was used for each row to achieve the maximum sample size. (2) Baseline groups are ‘non-smokers’, ‘social class IV&V’, ‘small families’, ‘uncrowded’, ‘no divorce by age 7y’, or 
‘no disability’.
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Table 4.7 Correlation coeffîcient between height of cohort members (G2) and their parents (Gl)

Age (year) Mother-son Father-son d t Mother-daughter Father-daughter d t

7 0.37 0.35 0.02 0.38 0.35 0.03

11 0.39 0.36 0.03 0.35 0.31 0.04

16 0.38 0.36 0.02 0.46 0.41 0.05

33 0.45 0.42 0.03 0.45 0.40 0.05

t difference between maternal and paternal correlation with the son 
t  difference between maternal and paternal correlation with the daughter

Birthweight

As shown in Tables 4.5 and 4.6, birthweight was significantly associated with height of 

cohort members at all ages, with the association persisting through to adulthood. Each 1kg 

increase in birthweight resulted in an average increase of approximatly 0.4-0.5 SD in mean 

height for boys and girls. The effect of birthweight on height reduced but remained strong 

at all ages after parental height was accounted for. Further adjusting for family size and 

social class did not alter the relationship (Tables 4.5 and 4.6).

Even though children of low birthweight appeared to be short compared to those with 

normal or high birthweight, there were considerable differences in growth pattern between 

premature and intrauterine growth retarded children. In particular, for those weighing 2000- 

2500g at birth, intrauterine growth retarded children (mean 236 Ig) were heavier than 

premature babies (mean 2294g) at birth, but were on average shorter by age 7. The two 

growth curves were nearly parallel, with a mean difference in height over 0.2 SD (1.2-1.6 

cm), which persisted to adulthood (Figure 4.3).
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Maternal smoking

A significant association was found between maternal smoking during pregnancy and 

height at all ages (Tables 4.5 and 4.6). Boys whose mother smoked were shorter than those 

of non-smoking mothers by 0.19 SD (1.1 cm) at age 7, but they grew faster throughout 

childhood (Figure 4.4). Although the difference in height gain between pairs of successive 

ages (i.e. 7-1 ly, 1 l-16y, 16y-adulthood) was non-significant, the total growth from age 7 to 

adulthood was significantly greater for boys whose mother smoked compared to those of 

non-smoking mothers.

For girls, the effect of maternal smoking on height was at its strongest at age 11, with a 

difference of 0.19 SD (1.1 cm) between girls of non-smoking mothers and those whose 

mothers smoked (Table 4.6). Girls whose mothers smoked grew significantly faster 

between ages 11 and 16 years than those of non-smoking mothers (height increment 16.6 

cm vs 16.1 cm). Thus the relationship became weaker at age 16. Maternal smoking did not 

affect growth after 16 as most girls had already achieved their final height (Figure 4.4).

The effect of maternal smoking was largely reduced once birthweight was adjusted for, 

with 34% and 43% of the maternal smoking effect on height at age 7, and 51% and 58% of 

the effect on adult height being mediated through birthweight, for males and females 

respectively. This suggests that birthweight was a pathway factor for the association 

between smoking and childhood growth. When adjusting for parental height, birthweight, 

family size and social class, there was only a small difference of 0.08 (0.5 cm) at 7 for boys 

and 0.07 (0.4 cm) at 11 for girls between those of non-smoking mothers and those whose 

mothers smoked, though still significant. The association with adult height (age 33 for

158



males, and ages 16 and 33 for females) was no longer significant after the adjustment 

(Tables 4,5 and 4.6).

Family size

There was a significant association between family size and height at all ages, which was 

stronger for childhood than for adult height (Figure 4.5). Children from large families (34- 

children) had a slower growth rate in early childhood (before age 7) than those from small 

families (<3 children) and remained short until the age 11, with a difference of 0.34 SD in 

boys (2.3 cm) and 0.29 SD in girls (2.2 cm) between children from small and large families 

(Tables 4.5 and 4.6).

From the age 11, children from large families grew more, with girls gaining 1.1 cm more 

between ages 11 and 16 years (p<0.001) and boys growing for a longer period and gaining 

0.8 cm more after the age of 16 (p<0.001) compared to those from small families (data not 

presented). As children from large families tended to mature later (p<0.001), the stronger 

association in boys than in girls at age 16 reflected the effect of family size on the stage of 

maturation in boys. The difference between children from small and large families reduced 

to 0.20 SD in men (1.4 cm) and 0.15 SD in women (1.0 cm) by adulthood (Tables 4.5 and 

4.6).

As shown in Tables 4.5 and 4.6, the effect of family size on height reduced at all ages after 

parental height was accounted for, indicating that there are socio-economic components in 

parental height. But further adjustment for birthweight and social class did not alter the 

relationship (Tables 4.5 and 4.6). However, the effect of family size on height reduced
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when social class was added to the univariate model (data not presented), indicating that 

part of the effect of family size was explained by social class.

Figure 4.6 shows that the association between family size and height was stronger in 

manual classes compared to non-manual classes, both for males and females. For example, 

at age 7, the difference between small and large families was 0.12 SD in boys (0.7 cm) and 

0.18 SD in girls (1.1 cm) for non-manual classes, whereas the corresponding difference was 

0.37 SD in boys (2.1 cm) and 0.32 SD in girls (1.9 cm) in manual social classes, suggesting 

that the impact of family size was in part due to socio-economic influence on height.

Household crowding

The relationship between the level of crowding and height was the strongest at age 7, with a 

significant difference between cohort members living in less crowded and over-crowded 

households (1.5+ persons/room) of 0.49 SD in boys (2.8 cm) and 0.54 SD in girls (3.2 cm) 

(Tables 4.5 and 4.6). As shown in Figure 4.7, the relationship weakened with increasing 

age.

Cohort members from over-crowded households grew consistently faster throughout 

childhood, with boys growing 1.2 cm more after age 16 years (p<0.001) and girls growing 

1.5 cm more (p<0.001) between ages 11 and 16 years, compared to those from less 

crowded households. A weaker relationship therefore was observed between household 

crowding and adult height, with a difference of 0.28 SD in males (1.9 cm) and 0.32 SD in 

females (2.1 cm).
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The effect of household crowding on height reduced after adjusting for parental height, 

particularly its effect on adult height, which became non-significant in men (Table 4.5). 

Thus parental height not only reflects a genetic influence, but also parents’ own socio

economic background, which in turn is associated with their adult social position. The 

effect of household crowding reduced after further adjusting for social class and family 

size, as over-crowding is an indicator of social disadvantage.

Parental divorce

Parental divorce in early life was significantly associated with height in childhood. Boys 

whose parents divorced by age 7 were on average shorter than those whose parents did not 

by 0.23 SD (1.6 cm) at age 11, but they grew faster and gained more than those whose 

parents did not separate by 0.8 cm (non-significant) between ages 11 and 16 years. Thus in 

adulthood, the difference became non-significant. As illustrated in Figure 4.8, the impact of 

parental divorce on growth trajectories for boys changed little after adjusting for parental 

height, birthweight, family size and social class. Girls whose parents divorced by age 7 

were shorter than those whose parents did not throughout the life-course, and remained 

shorter in adulthood by 0.21 SD (1.3 cm). However, the effect of parental divorce was 

weakened (Figure 4.8) and no longer significant after adjusting for genetic and early life 

factors (Table 4.6).

The influence of parental divorce on growth was found to be dependent on the age of the 

child when divorce took place in boys. Additional analysis for the timing of divorce 

showed that boys whose parents divorced before age 4 years had similar growth patterns as 

those whose parents did not divorce, while boys whose parents divorced at age between 4 

and 7 years were significantly shorter than their counterparts at all ages, and were not only
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short in childhood, but also in adulthood (data not presented). However, among girls, the 

association between parental divorce and height was independent of the age when divorce 

happened.

Childhood disability

More boys (5.5%) than girls (3.9%) were reported to have moderate or severe disability that 

limited their normal schooling or activity. Boys with disability were significantly shorter 

than those without by 0.17 SD (1 cm) at age 7 and 0.12 SD (0.8 cm) in adulthood. The 

effect of disability on height was no longer significant after the age 16 when allowance was 

made for parental height, birthweight, family size, and social class (Table 4.5). The impact 

of childhood disability on growth in height was much stronger in girls than in boys. Girls 

with disability were significantly shorter than those without throughout the life-course 

(Table 4.6). Although girls with disability tended to mature later than the others (p=0.007), 

childhood disability was not associated with the rate of growth and girls with disability did 

not catch up. The impact of disability on height was not affected by adjusting for parental 

height and socio-economic factors in childhood.
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4.4 Discussion

As expected, all influences examined, parental height, prenatal factors (birthweight and 

maternal smoking during pregnancy) and postnatal factors (social class, family size, 

household crowding and parental separation or divorce) affected height in childhood. Even 

after compensatory growth either through a longer growth period or a faster rate of growth, 

most factors also influenced adult stature.

Within this cohort, four major patterns of influence can be identified. First, for parental 

separation or divorce, there appeared to be a short-term effect, at least in boys, 

characterised by delayed growth, followed by catch-up, thus the long-term effects was 

minimal. Second, for maternal smoking during pregnancy, deficits in childhood height were 

observed followed by rapid growth. No long-term effect on height persisted through to 

adulthood, after allowing for other factors. A persisting adverse effect of maternal smoking 

was seen to operate through its influence on birthweight. Third, socio-economic 

disadvantage as indicated by living in over-crowded homes and large families, was 

associated with substantial deficits in childhood height. Compensatory growth was 

substantial, though not sufficient to overcome the initial insult on growth. Fourth, for 

parental height and birthweight, associations were evident throughout, they were 

undiminished and even possibly strengthening by adulthood. There was only slight 

attenuation of effects with adjustment for other factors, suggesting a primarily genetic 

influence of parental height and birthweight.
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Parental height, family size, household crowding and social class were also significantly 

associated with pubertal development in boys, with shorter parental stature, larger family 

size, over-crowding and lower social class being associated with later development in boys. 

Larger family size, over-crowding, lower social class and disability in early childhood were 

found to be associated with later menarche.

4.4.1 Methodological considerations

The long study period of a large population sample provides unique evidence on how early 

life circumstances influence growth at different life stages, pubertal development, and final 

adult height. In many previous studies, traditional multiple regression models were used to 

examine effects of the early life factors on height at each age separately and the strength of 

these associations could not be compared directly across different models. The application 

of multivariate response models to the 1958 cohort data allows these relationships at 

different ages to be tested simultaneously, and also allows the covariance structure to be 

accounted for. As explained in Chapter 3, such an approach is more appropriate than 

growth models because there are only a small number of measurements over the whole 

growth period (three childhood and one adult height measures). Moreover, the estimation 

from the multivariate response models should be efficient even with incomplete data on 

response variables, as there is no indication of any violation of the MAR assumption 

(Chapter 3).

However, there are several limitations mainly due to data restriction. First, we were unable 

to identify changes in growth patterns between two measurements as a result of the large 

time intervals. Second, unlike other studies (i.e. 1946 cohort), where age of menarche was
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recorded to the nearest month it was reported in years in the 1958 cohort. Thus the 

measurement error could be large and the estimates for group differences might not be 

accurate or informative.

4.4.2 Parental height and birthweight

Heights of parents are markers of genetic influence and are the most powerful predictors for 

height. Although parental height also mirrors parents’ own childhood environment, it 

mainly reflects the parents’ genotype in stature >̂2,248 impact of parental height 

was not affected by birthweight and early environmental factors. The stronger influence of 

parental height on final adult height compared to childhood height was due to the fact that 

childhood height is more sensitive to early environment, while adult height reflects the 

genetic potential.

The findings of a stronger effect of maternal height compared to paternal height are 

consistent with results from other studies Mothers influence offspring growth through 

their own height as well as through the birthweight of the baby. In the 1958 cohort, the 

effect of maternal height on birthweight was more than twice of that of paternal height 

(data not presented). Another possible explanation is that reported paternal height (Gl), 

with a greater measurement error than measured maternal height due to reporting error, 

might have also attenuated its correlation with height of cohort members (02).

Apart from parental height, birthweight, also a partly genetic and partly environmental 

influence, had a strong effect on height for the full range of birthweight, regardless of 

socio-economic factors, in this study or elsewhere Birthweight is an indicator of
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prenatal development. Subjects who were small at birth remained, on average, small 

throughout the growth period, although there was evidence of catch-up growth A 

stronger association with adult height was explained by parental height, suggesting the 

stronger genetic influence on adult height than childhood height, which is more sensitive to 

environmental influences.

It has been suggested that intrauterine growth retardation is a stronger factor for short 

stature than is prematurity Our longitudinal analysis revealed that children of similar 

birthweight who were premature appeared to grow faster in early years and sustain less 

permanent growth impairment than those who were intrauterine growth retarded, although 

both remained smaller than their normal birthweight counterparts. Therefore growth 

trajectories are permanently affected by low birthweight, particularly by the intrauterine 

environment.

4.4.3 Maternal smoking

Children prenatally exposed to cigarettes are smaller at birth "̂̂ ’̂250.251 ^phe growth deficits 

are maintained at subsequent ages although it is suggested that the effect of maternal 

smoking weakens with increasing age Early analyses of the 1958 cohort showed a

continuing effect of maternal smoking on physical growth up to 7 years in boys and 11 

years in girls after its effect on birthweight was accounted for A weak relationship 

(p=0.05) between maternal smoking and self reported adult height at 23 was found only in 

females after adjusting for birthweight for gestational age and early environmental factors. 

It was suggested that smoking affected the rate of growth rather than total growth
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Our results showed that the growth deficits observed in early childhood occurred 

independently of fetal retardation. Thus maternal smoking influenced growth in height 

beyond birth, with the strongest impact on height in early childhood (age 7 in boys and 11 

in girls). However, the fact that only a weak effect was found on childhood height after 

adjusting for early environmental factors suggested that early postnatal catch-up among 

children whose growth was impaired due to tobacco exposure in utero was dependent on 

early social conditions.

The current study of the longitudinal influence of maternal smoking on child-to-adult 

growth trajectory revealed a faster growth rate throughout growth period in boys and 

between ages 11 and 16 years in girls who were bom to mothers who smoked during 

pregnancy compared to those of non-smoking mothers. Thus growth deficits due to 

maternal smoking did not persist to adulthood in the 1958 cohort. The rate of growth did 

not change after adjusting for genetic and early environmental factors, suggesting that the 

faster growth throughout childhood among children of mothers who smoked was 

independent of early social environment.

The exact reasons for a faster growth rate among children of mothers who smoked are 

unclear. Our data suggested that the rate of early growth was influenced by factors that 

operated during fetal development, independently of early environment. One possible 

explanation is that low leptin level at birth, reported to be associated with low birthweight, 

is linked to postnatal growth rate

Maternal smoking influenced height of cohort members (G2) partly by reducing 

birthweight, which acted as a mediating factor. Unlike the prenatal findings, where the
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relationship between maternal smoking and birthweight was independent of socio

economic conditions in early life the relationship between maternal smoking and height 

was influenced by socio-economic background. Our results did not provide enough 

evidence of a direct causal relationship between maternal smoking and final height, yet a 

smoking related decrement in birthweight is still manifest in childhood. Although the effect 

of smoking during pregnancy was relatively small compared with the effects of other 

environmental factors, and children with retarded growth due to maternal smoking had 

complete catch-up in height by adulthood, the long-term impact of maternal smoking on 

later health remained to be seen.

There have been suggestions that reduced birthweight and height among children of 

mothers who smoked during pregnancy are attributable to higher consumption of alcohol, 

with studies showing that effects due to cigarette exposure are no longer significant after 

controlling for parental alcohol exposure 250,254-256 other hand, other evidence

showed that smoking and alcohol use during pregnancy had separate and additive effects on 

birthweight As we have no information on maternal alcohol consumption during 

pregnancy, we are unable to explore the inter-relationship between smoking and alcohol 

exposure and their association with postnatal growth.

4.4.4 Family size and household crowding

Family size and level of crowding at 7 are both indicators of socio-economic circumstances 

in childhood. In Sweden, a study based on samples of 10-year-old Stockholm children bom 

between the 1930s-1960s showed that family size was consistently associated with height 

with those from larger families tending to be shorter. A previous study of the 1958
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cohort showed that boys of families with four or more children were taller than those of 

one-child families throughout childhood, whereas in girls the effect of family size peaked at 

age 11 and diminished at age 16. The current study comparing two broad groups (<2  and 

>2 children per family) revealed a strong association of family size with childhood height 

and pubertal development; children from smaller families tended to have a faster 

prepubertal growth rate, matured earlier, and achieved final height earlier than those from 

larger families, both for boys and girls. Thus the effect of family size was weaker, though 

remained significant in adulthood.

The mechanism for the effect of family size on height is not clear. It has been suggested 

that economic factors are responsible and the impact of family size on height is partly 

dependent on father’s social class The present study showed that the effect of family 

size on height was marked among children from manual social classes, suggesting that poor 

growth among children from larger families was mainly the product of economic hardship. 

Family size operates on growth probably through income: a large family usually has less 

money available per family member However, our results showed that family size had 

an impact on height, independent of other environmental factors. Thus other than the 

material side of influence, there might be other explanations. For example, children in large 

families tend to get less individual care and attention, which might have an impact on 

growth.

Household crowding has a strong influence on growth in height Our results suggested 

that over-crowding was associated with slow growth in early childhood, which was in turn 

linked to late maturity. Subsequently, children lived in over-crowded conditions had a 

faster growth rate throughout adolescence and continued to grow after the age 16 years.
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Thus the relationship was weaker in adulthood (non-significant) after adjusting for early 

environmental factors. Therefore over-crowding was a good indicator of poor socio

economic conditions in childhood. How over-crowding acts to reduce growth in height is 

not well understood. One possible explanation is that sleeping disturbance caused by over

crowded conditions may have acted as a mediate factor, which may reduce growth hormone 

secretion and result in slow growth It has been suggested that childhood housing 

conditions, including over-crowding, have an effect on health, distinguishable from the 

effect of socio-economic deprivation

4.4.5 Parental divorce

A highly stressed environment can lead to growth retardation. Family conflict due to 

domestic tension, separation and divorce, or desertion during childhood was previously 

found to be associated with slow growth at 7 in this cohort, independent of socio-economic 

circumstances Psychosocial stress is related to slow growth, probably through hormonal 

disturbances. However, divorce not only causes stress in children, but also results in a sharp 

drop in household income after the divorce The current study focused on the impact of 

parental divorce on the child to adult growth trajectory and showed that among boys, the 

effect of parental divorce was significant only in childhood and was not affected by early 

social environment. In contrast, girls of parents who divorced or separated by the age of 7 

were persistently shorter than those whose parents did not at all ages, with the relationship 

stronger in adulthood. The impact of parental divorce on height in girls was attributable to 

the early social environment. This is in agreement with another study suggesting that slow 

growth is an indicator of emotional disturbance and chronic stress in childhood only in boys 

In our study, for female cohort members whose growth reduction was due to parental
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divorce in early life, catch-up growth did not occur, indicating a long-term impact of 

parental divorce on childhood growth and adult height in females.

Timing of divorce matters. Parental separation or divorce between ages 4 and 7 years was 

associated with slow growth in childhood and short stature in adulthood among boys, 

independent of genetic and early environmental factors. Height of boys whose parents 

divorced before the age of 4 was not affected. Possible explanations are that they were too 

young to be aware of the conflict or the normal growth resumed when the stress level was 

reduced after the divorce, which mirrored the evidence reported by the others that children 

with growth failure showed spontaneous catch-up growth after being removed from 

stressful home circumstances

How emotion influences growth is not well understood. It is likely that stress or lack of 

sleeping caused by stress may affect the mount of growth hormone produced, which in turn 

links to slow growth in childhood

4.4.6 Childhood health

Poor childhood health is associated with trunk length which is a component of body 

height. Short stature in childhood is also an important indicator of organic disease

A small difference was found at all ages between boys with disability due to illness and 

those without. There was no evidence of an impact of disability on pubertal development or 

rate of growth in boys. However, the current study showed that childhood disability had a 

strong and persistent influence on height of girls throughout the life-course, regardless of
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genetic height potential and social environment. Although disability in girls was related to 

late menarche, it did not seem to have any impact on growth rate. Their growth impairment 

due to disability were established by age 7 and remained to be short as adults because 

catch-up growth did not occur. How childhood illness causes the slowing of growth is not 

clear, but several factors that might explain the mechanism include reduced food intake 

caused by poor appetite, long-term stress caused by disability, or suppression of normal 

activity. Furthermore, the inverse association of height and mortality in adulthood could 

partly be due to the short stature among children with illness in early life.

The reason for the stronger impact of disability in girls is unknown. It is suggested that 

growth in height is most retarded in the group of most severely disabled children 

However, we found no evidence that girls were more severely disabled than boys.

4.4.7 Timing of maturation

Our analyses showed that early maturers were taller at age 7, indicating a fast pre-pubertal 

growth, both in boys and girls, and were consistent with other studies A positive 

association between age at menarche and final attained height has been demonstrated by 

others Within the cohort, we found that although early maturing girls were 1 cm 

shorter on average than their contemporaries in adulthood, late maturing girls did not differ 

from average developers. In contrast, late maturing boys were 1 cm short on average than 

their contemporaries. It seems that age of menarche has altered subsequent growth 

trajectories in girls.
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A positive association between birthweight and age of maturation has been reported 

dos Santos Silva et al (2002) has suggested that the timing of menarche may be set in utero 

or infancy, and modified by changes in body size and composition in childhood 

However, we did not find any evidence of an influence of fetal growth (i.e. maternal 

smoking during pregnancy or birthweight) on the timing of menarche in girls or pubertal 

development in boys. Because height of the cohort was first measured at the age of 7, we 

were unable to distinguish the association of growth in infancy or early childhood (before 

age 7), with the age of maturation.

Similar to other studies social class and family size were both found to be associated 

with age of menarche. Children from manual social class and over-crowded conditions 

were more likely to delay the onset of puberty than their respective counterparts. Their 

relationships with pubertal development at age 16 were also evident in boys.

4.5 Conclusions

The environment in which one grows up can have long-term consequences in growth and 

adult height. We found that genetic factors, early life circumstances (both prenatal and 

postnatal), and childhood health influenced growth in height, age of maturation and final 

adult stature. How much growth deficits remained in adult height seemed to depend on the 

duration and the severity of the insult and also the age at which it occurred A part of 

the socio-environmental effect on childhood height was due to differences in growth tempo. 

In adulthood, the effects of early life conditions on height were somewhat weaker, although
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they may remain non-negligible. In particular, children who lived in less favourable 

conditions tended to have a slower growth rate before the pubertal spurt, matured later and 

grew for a longer period compared to their counterparts living in more favourable 

conditions. Thus childhood stature and rate of growth are better indicators for early 

environment than final adult stature However, height at a certain age may not be enough 

in studying the stature-disease relationship; it will be more informative if the growth 

trajectories and age of maturation are also included.
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Figure 4.1 Growth trajectories for early, average, and late developers (G2)

(a) Pubertal development at age 16 (boys)

180 n
175 - 
170 - 
165 - 
160 - 
155 - 
150 - 
145 
140 - 
135 - 
130 - 
125 - 
120 -

‘ Early

•Average

Late

115 ̂ , , r5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Age(yrs)&

(b) Age of menarche (girls)

165 -1 
160 - 
155 
150 4 

1 145 4 
t 140 
i 135 
130 - 
125 - 
120 

1155 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
Age (yrs)&

& adult height measured at age 33y and plotted at age 20

175



Figure 4.2 Change in G2 height SDS for ever) unit increase of mid-parental height SDS
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Figure 4.3 Growth for premature and term infants (2-2.5kg) (G2)
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Figure 4.4 Difference in growth between children (G2) of non-smoker and smoker mothers

(a) Boys
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Figure 4.5 Difference in gro>vth between children (G2) from small (<3) and large (3+) families
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Figure 4.6 Difference in growth between children (G2) from small (<3) and large (3+) families by 

social class
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Figure 4.7 Difference in gronth between children (G2) from uncrowded (<1.5 persons per room) and 

over-crowded households (1.5+ persons per room)

(a) Boys

0.6

0.5

0.4

0.3

0.2

0.1

0
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

•unadjusted
•adjusted*

Age (yrs)&

(b) Girls

0.6

0.5

Ç 0.3 

§
Î 0.2 4

Q

0.1

0
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Age (yrs)&

* adjusted for ptirental height, birthweight, family size and social class 
& adult height measured at age 3 3y and plotted at age 20

181



Figure 4.8 Difference in growth between children (G2) whose parents did not divorce and children 

whose parents divorced by age 7
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Figure 4.9 Difference in growth between children (G2) without and with disability in childhood

(a) Boys

0.45 -

0.4 -

w 0.35 -

0.05 -

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

0.5 

0.45 

0.4 4 

0.35 

0.3 4 

0.25 

0.2 
0.15 

0.1 4 

0.05

0

•unadjusted

•adjusted*

Age (yrs)&

(b) Girls

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Age (yrs)&

* adjusted for parental height, birthweight, family size and social class 
& adult height measured at age 33y and plotted at age 20

183



Chapter 5

A two generation comparison

5.1 Introduction

Height is influenced by a range of early life factors >85,259,268 fj-Qm Chapter 4

suggest that adverse conditions during early life have a long-term impact on height, starting 

in early childhood.

While many studies focus on adult height, it is now recognized that childhood height is a 

better indicator for early life conditions. Early life factors that influence growth in height 

may underlie the stature-disease association. Impaired linear growth is found to be 

associated with increased risk for mortality for coronary heart disease Study of the 

association between early life circumstances and childhood height is therefore important for 

identifying early exposures that may be associated with adult disease risks.

Almost all early life factors investigated in Chapter 4 were based on cohort members’ 

circumstances up to 1965. Our findings on the cohort member generation may not reflect 

the extent of the early life influences on height in the current population In Britain, the 

secular trends in height continued with an increase of more than 1 cm among English 

children and more than 2 cm among Scottish children between 1972 and 1994 which are 

attributable to the increasing maternal age and the improvement of social and material
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conditions Changes of early life influences on growth in height have been reported in 

several populations Greater secular trends among children from poorer socio

economic backgrounds have also been reported in some studies, which may be an 

indication of the improvement of health and welfare in recent years

Evidence on the changes of associations between early environmental factors and height 

over time is sparse. The 1958 birth cohort including height and childhood conditions on 

their offspring provides a unique opportunity to evaluate the changing role of early life 

factors on height across two generations and the strength of the recent relationships. This 

information will provide insight of the risk factors for adult health outcomes for the future 

adult population.

Objectives

The aim of this chapter is to investigate influences of a range of factors such as parental 

height, maternal smoking during pregnancy, birthweight, breastfeeding, maternal age at 

childbirth, family size (divided into two components: birth order, number of younger 

siblings), social class, maternal education, housing tenure, household crowding, parental 

divorce, and disability in childhood on height in each generation to determine whether 

factors which affected the height of cohort members (02) also influenced the height of their 

offspring (03).

The specific aims are

i) to examine the association between each factor and height in cohort members (02) 

and their offspring (03) with and without taking account of other factors; and
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ii) to explore whether these relationships have changed between two generations (G2 

and G3).

5.2 Methods and measures

Detailed descriptions of response and explanatory variables used in this chapter are given in 

§2.3. A summary of these measures is shown in Table 5.1.

Externally derived height SDS based on the 1990 British growth reference (§2.4.2) was 

used for G2 and G3 to compare early life influences on height between two generations. 

These scores can easily be converted to height (cm) for a given age and sex using the 

formula (2.1) or for simplicity for 7 year or adult height using the conversion table (2.6) in 

§2.4.2.
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Table 5.1 Summary of variables used in Chapter 5

Cohort members (G2) Offspring (G3)

Outcome variables

Height SDS at 7y Height SDS (at 4-18y)

Parental factors

Mid-parent height SDS Parental height SDS (mother or father)

Fetal and early (infancy) factor

Maternal smoking during pregnancy: 

non-smoker <l/day, medium smoker 1-9/day, 

variable smoker, and heavy smoker 10+/day 

Birthweight (kg)

Breastfeeding: never/ever

Maternal smoking during pregnancy: 

non-smoker <l/day, medium smoker 1-9/day, 

and heavy smoker IO+/day 

Birthweight (kg)

Breastfeeding: never/ever

Childhood environmental factors

Birth order: 2"", 3"̂ +

Number of younger siblings (at 7y):

0-1,2, 3+

Maternal age at childbirth

Social class based on father’s occupation (at 7y):

I&II, IIINM, HIM, IV&V

Housing tenure (at 7y):

Owner, private rental, council rental 

Crowding (at 7y): <1, 1-1.5, >1.5 per room 

Parental divorce/separation (by 7y):

0-3y, 4-7y, no divorce by 7y 

Mother’s education:

did/did not stay after minimum school-leaving age 

Disability (at 7y): yes/no

Birth order: 2"“, 3̂ ‘‘+

Number of younger siblings (4-18y):

0-1, 2, 3+

Maternal age at childbirth

Social class based on father’s occupation (4-18):

i&n, IIINM, HIM, rv&v

Housing tenure (4-18y):

Owner, private rental, council rental 

Crowding (4-18y): <1, 1-1.5, >1.5 per room 

Parental divorce/separation (4-18y):

0-3y, 4-7y, no divorce by 7y 

Mother’s education:

no education, <0-level, 0-level, A-level or 

higher

Disability (4-18y): yes/no
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Mid-parental height (SDS) was derived for each cohort member (G2) as the average of 

paternal and maternal height (SDS) based on the 1990 British growth reference (§2.4.2). 

Since height SDS is sex and age adjusted, and no marked difference was found between the 

father-child (0.44) and mother-child (0.42) correlation, the height SDS of the cohort 

member at age 33 based on the same reference was used as a parental height measure for 

the offspring (G3) because the other parent was not measured.

The interaction of sex with each of the explanatory variables was examined and found to be 

non-significant except for the interaction of sex with disability in G2 and with housing 

tenure in G3. Males and females were therefore combined and the sex of the subject was 

included as a covariate in all models. As relationships investigated were likely to be 

confounded by maternal age due to the selection of offspring, which was based on the age 

of cohort members, the age of the child was adjusted in all analyses concerning G3.

As described in Chapter 3, the height measures between individuals (G2 and G3) from the 

same family were correlated, two-level models described in §3.3.2, where individuals were 

defined as “level-1” units and families as “level-2” units, were applied here to explore the 

associations between early life factors and childhood height in two generations.

We fitted the data with model (3.9), containing age, sex, and one of the early life factors. 

The adjusted association between each factor and height SDS was also examined by first 

adding parental height, and then fetal and infant factors (maternal smoking, birthweight, 

and breastfeeding). Given that some of the early life factors were inter-correlated, in the 

final model we included all early life factors of interest to assess whether the influence of 

each factor on height was independent of other factors. The estimates of fixed parameters
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from the two-level models (adjusted and unadjusted) that represent associations between 

early life factors and height (SDS) for each generation are shown in Tables 5.3 and 5.4, 

respectively. Using these models we further explored changes of these relationships 

between the two generations. The significance levels of these changes are given in Table 

5.7.

Since height was only available for one parent of G3, maternal height and paternal height 

were also analysed separately to compare the genetic influences on height between the two 

generations.

The sample used in this chapter includes a total of 10455 subjects with complete 

information on the response variables and all the covariates. Among them 7993 subjects 

were cohort members (G2) and 2462 subjects were offspring (G3). Separate analyses have 

also been conducted using all subjects with information available (i.e. complete information 

on childhood height, confounding factors used in the model and the factor of interest) and 

the differences in results were found to be small (data not presented). Hence all the results 

presented here were based on the sample with complete data (study sample).
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5.3 Results

As shown in Table 5.2, the offspring (G3) were taller on average than their parents 

generation (G2) by a height SDS of 0.19 (1.0 cm) in childhood, but they were not heavier at 

the time of birth. Maternal age at childbirth was younger for G3 (24.5 years) than for G2 

(27.6 years). There has been a slight decrease in breastfeeding, from 70% in G2 to 65% in 

G3.

Housing conditions have shown an improvement in the offspring generation (G3), with 6% 

of G3 living in over-crowded acconunodation (>1.5 persons per room) compared to 17.4% 

of G2. A majority (74.5%) of G3 were living in owner-occupied accommodation compared 

to 44.5% of G2. The social class distribution has also changed between 1965 and 1991, 

with the general trend of upward mobility. The proportion of children from classes I&II 

increased from 21.3% in G2 to 31.9% in G3. There were more first-borns children in G3 

than in G2 (59.1% vs 37.3%), while the proportions of third or later bom children (9.8% vs 

30.4%) and children with three or more younger siblings (3.6% vs 7.1%) were smaller in 

G3 compared to G2, possibly as a product of the sample selection (i.e. cohort members had 

children at older ages were not included).

The proportion of children who experienced parental separation or divorce has increased 

dramatically over the two generations, from 2.8% in G2 to 13.6% in G3. Apart from an 

increase in divorce in recent years in Britain some of the increase might be explained by 

the fact that the sample in G3 were on average older with a wider age range (4-18y) than
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G2, even though parents were on average younger in G3. Therefore the length of the 

exposure period is different in the two generations.

Table 5.2 Descriptive characteristics for cohort members (G2) and their offspring (G3)

Variables Category G2 («=7993) G3 («=2462)

Age at height measurement (mean (range)) 7.3(7-8.5) 8.1(4-18)
Sex (%) Males 48.9 49.1

Response-height SDS (mean (s.d.)) -0.19(1.07) -0.003(1.05)
Maternal height SDS (mean (s.d.)) -0.42(1.04) -0.25(1.03)!
Paternal height SDS (mean (s.d.)) -0.52(1.07) -0.22(0.99)$
Parental height SDS (mean (s.d.)) -0.24(1.02)
Mid-parental height SDS (mean (s.d.)) -0.47 (0.86)

Maternal smoking (%) None 68.3 70.8
Median 14.7 8.7
Variable 5.5
Heavy II.5 20.4

Birthweight (mean in grams) Boys 3420 3360
Girls 3270 3260

Breastfeeding (%) Ever 70.2 64.8
Maternal age (mean (range)) 27.6(15-46) 24.5(15-38)
Birth order (%) ist 37.3 59.12nd 32.4 31.1

3"*+ 30.3 9.8
No. of younger siblings (%) 0-1 77.5 80.9

2 15.5 15.5
3+ 7.1 3.6

Social class (%) I&II 21.3 31.9
IIINM 10.5 12.2
HIM 45.4 33.9
IV&V 22.8 22.0

Maternal education (%) Did not stay © 73.8
Stayed © 26.2
No education 13.4!
<0-level 20.6!
0-leveI 38.6!
A-level 9.9!
Higher (degree/equivalent) 17.5!

Housing tenure (%) Owner 44.5 74.5
Private rental 17.1 4.2
Social housing 38.4 21.2

No. of inhabitants/room (mean (range)) 1.11(0.2-5) 0.96(0.3-4)
Crowding (%) < I person/room 34.8 45.3

I-1.5 persons/room 47.8 48.7
>1.5 person/room 17.4 6.0

Parental divorce/separation (%) Yes 2.8 13.6
Childhood disability (%) Yes 4.4 4.5

t children of female cohort members only (n=1580) 
t  children of male cohort members only (n=882)
© whether the mother stayed after minimum school-leaving age
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Table 5.3 Estimated mean differences (s.e.) in height SDS at 7 (G2) hy parental height and early life
factors (Â =7993)

Height SDS at 7 (G2)

Model (1) Model (2) Model (3) Model (4)
>3(se) P /ff(se) P /ff(se) P /ff(se) P

Sex male (3912) 0.04(0.02) 0.05 -0.01(0.02) 0.65 -0.01(0.02) 0.65 -0.01(0.02) 0.50

Parental height SDSt 
Maternal height SDSt 
Paternal height SDSt

0.56(0.01)
0.39(0.01)
0.35(0.01)

<0.001
<0.001
<0.001

0.32(0.01)
0.28(0.01)

<0.001
<0.001

0.51(0.01)
0.35(0.01)
0.33(0.01)

<0.001
<0.001
<0.001

0.48(0.01)
0.32(0.01)
0.29(0.01)

<0.001
<0.001
<0.001

Maternal smoking
None (5461)
Median (1613) 
Heavy/variable (919)

-0.17(0.03)
-0.24(0.04)

<0.001
<0.001

-0.13(0.03)
-0.21(0.03)

<0.001
<0.001

-0.08(0.03)
-0.14(0.03)

<0.01
<0.001

-0.03(0.03)
-0.06(0.03)

0.30
0.05

Birthweight (kg) 0.51(0.02) <0.001 0.37(0.02) <0.001 0.35(0.02) <0.001 0.37(0.02) <0.001

Breastfeeding
Never breastfed (2383) 
Breastfed (5610)

-0.15(0.03) <0.001 -0.09(0.02) <0.001 -0.06(0.02) 0.01 -0.04(0.02) 0.11

Maternal age (y)
Age 0.008(0.002) <0.001 0.010(0.002) <0.001 0.009(0.002) <0.001 0.015(0.002) <0.001

Birth order
1st (2983)
2""'(2588)
3"* or more (2422)

0.32(0.03)
0.27(0.03)

<0.001
<0.001

0.23(0.03)
0.16(0.03)

<0.001
<0.001

0.28(0.03)
0.17(0.03)

<0.001
<0.001

0.32(0.03)
0.17(0.03)

<0.001
<0.001

Younger siblings
No/One (6193)
Two (1235)
Three or more (565)

-0.17(0.03)
-0.37(0.05)

<0.001
<0.001

-0.16(0.03)
-0.32(0.04)

<0.001
<0.001

-0.15(0.05)
-0.31(0.04)

<0.001
<0.001

-0.11(0.03)
-0.17(0.04)

<0.001
<0.001

Social class
i&n (1700)
niNM  (837) 
niM  (3633) 
IV&V (1823)

0.39(0.04)
0.33(0.04)
0.10(0.03)

<0.001
<0.001
<0.01

0.20(0.03)
0.17(0.04)
0.04(0.03)

<0.001
<0.001

0.11

0.17(0.03)
0.14(0.04)
0.04(0.03)

<0.001
<0.001

0.14

0.03(0.03)
0.02(0.04)

0.001(0.03)

0.32
0.68
0.99

Housing tenure
Owner (3558)
Private rental (1367) 
Social housing (3068)

0.37(0.03)
0.19(0.03)

<0.001
<0.001

0.23(0.02)
0.12(0.03)

<0.001
<0.001

0.21(0.02)
0.12(0.03)

<0.001
<0.001

0.08(0.03)
0.07(0.03)

<0.001
0.03

Crowding
<1 person/room (2781) 
1-1.5(3823)
>1.5 persons/room 
(1389)

0.65(0.03)
0.41(0.03)

<0.001
<0.001

0.46(0.03)
0.30(0.03)

<0.001
<0.001

0.45(0.03)
0.30(0.03)

<0.001
<0.001

0.22(0.04)
0.18(0.03)

<0.001
<0.001

Parental divorce
Yes (220)
No (7773)

-0.20(0.07) <0.01 -0.19(0.07) <0.01 -0.15(0.06) 0.02 -0.08(0.06) 0.19

Maternal education
Did not stay (5879) 
Stayed after minimum 
education (2086)

-0.22(0.03) <0.001 -0.08(0.02) <0.01 -0.05(0.02) 0.03 0.03(0.03) 0.23

Disability at age 7
Yes (348)
No (7645)

-0.24(0.06) <0.001 -0.22(0.05) <0.001 -0.19(0.05) <0.001 -0.14(0.05) <0.01

t  the average of maternal and paternal height SDS 
$ Model (2) is adjusted for height of the other parent 
Model adjustment

(1)adjusted only for sex
(2)adjusted for (1) and mid-parental height
(3)adjusted for (2) and fetal and infancy factors (maternal smoking, birthweight, breastfeeding)
(4)adjusted for (3) and all early life factors (maternal age, birth order, younger siblings, social class, housing tenure, crowding, 
maternal education, parental divorce, and childhood disability)
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Table 5.3 (a) Estimated mean differences (s.e.) in height SDS at 7 (G2 males) hy parental height and

Model (1)

Height SDS at 7 (G2)

Model (2) Model (3) Model (4)

/?(se) P ^(se) P ^(se) P ^(se) P
Parental heightt 0.54(0.02) <0.001 - 0.50(0.02) <0.001 0.46(0.02) <0.001

Maternal smoking
None - - - - - - - -
Median -0.22(0.04) <0.001 -0.17(0.04) <0.001 -0.12(0.04) <0.001 -0.07(0.04) 0.05
Heavy/variable -0.22(0.05) <0.001 -0.22(0.05) <0.001 -0.15(0.05) <0.001 -0.07(0.05) 0.12

Birthweight (kg) 0.52(0.03) <0.001 0.37(0.03) <0.001 0.35(0.03) <0.001 0.37(0.03) <0.001

Breastfeeding
Never breastfed -0.17(0.05) <0.001 -0.12(0.03) <0.001 -0.09(0.03) 0.01 -0.06(0.03) 0.08
Breastfed - - - - - - - -

Maternal age (y)
Age 0.008(0.003) <0.001 0.010(0.003) <0.001 0.008(0.003) <0.001 0.014(0.003) <0.001

Birth order
1st 0.48(0.05) <0.001 0.36(0.04) <0.001 0.39(0.04) <0.001 0.28(0.05) <0.001
2nd 0.37(0.04) <0.001 0.25(0.04) <0.001 0.23(0.04) <0.001 0.14(0.04) <0.001
3"* or more - - - - - - - -

Younger siblings
No/One - - - - - - - -
Two -0.19(0.05) <0.001 -0.17(0.04) <0.001 -0.16(0.04) <0.001 -0.12(0.04) <0.001
Three or more -0.47(0.07) <0.001 -0.41(0.06) <0.001 -0.40(0.06) <0.001 -0.27(0.06) <0.001

Social class
I&n 0.42(0.05) <0.001 0.21(0.05) <0.001 0.18(0.05) <0.001 0.05(0.05) 0.28
niNM 0.35(0.06) <0.001 0.18(0.06) <0.001 0.14(0.06) <0.001 0.03(0.06) 0.58
HIM 0.11(0.04) <0.01 0.06(0.04) 0.13 0.05(0.04) 0.16 0.02(0.04) 0.65
rv&v - - - - - - - -

Housing tenure
Owner 0.38(0.04) <0.001 0.25(0.03) <0.001 0.22(0.03) <0.001 0.10(0.04) 0.01
Private rental 0.24(0.05) <0.001 0.16(0.04) <0.001 0.15(0.04) <0.001 0.10(0.04) 0.02
Social housing - - - - - - - -

Crowding
<1 person/room 0.68(0.05) <0.001 0.46(0.04) <0.001 0.45(0.04) <0.001 0.19(0.06) <0.001
1-1.5 0.43(0.05) <0.001 0.29(0.04) <0.001 0.29(0.04) <0.001 0.15(0.05) <0.001
>1.5 persons/room - - - - - - -

Parental divorce
Yes -0.21(0.10) 0.04 -0.21(0.09) 0.03 -0.17(0.09) 0.06 -0.11(0.09) 0.21
No - - - - - - - -

Disability at age 7
Yes -0.20(0.08) 0.01 -0.15(0.07) 0.03 -0.11(0.07) 0.11 -0.08(0.07) 0.25
No - - - - - - - -

t  the average of maternal and paternal height SDS 
Model adjustment

(1)unadjusted
(2)adjusted for (1) and mid-parental height
(3)adjusted for (2) and fetal and infancy factors (maternal smoking, birthweight, breastfeeding)
(4)adjusted for (3) and all early life factors (maternal age, birth order, younger siblings, social class, housing tenure, crowding, 
maternal education, parental divorce, and childhood disability)
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Table 5.3 (b) Estimated mean differences (s.e.) in height SDS at 7 (G2 females) by parental height and

Model (1)

Height SDS at 7 (G2)

Model (2) Model (3) Model (4)
>9 (se) P >9(se) P yff(se) P /S(se) P

Parental heightt 0.57(0.02) <0.001 - - 0.53(0.01) <0.001 0.50(0.02) <0.001

Maternal smoking
None - - - - - - - -
Median -0.14(0.04) <0.001 -0.09(0.04) 0.02 -0.03(0.04) 0.36 0.02(0.04) 0.62
Heavy/variable -0.27(0.05) <0.001 -0.20(0.05) <0.001 -0.13(0.05) <0.01 -0.06(0.05) 0.21

Birthweight (kg) 0.52(0.03) <0.001 0.36(0.03) <0.001 0.34(0.03) <0.001 0.39(0.03) <0.001

Breastfeeding
Never breastfed -0.14(0.04) <0.001 -0.08(0.03) 0.02 -0.05(0.03) 0.11 -0.02(0.03) 0.53
Breastfed - - - - - - - -

Maternal age (y)
Age 0.008(0.003) <0.001 0.009(0.003) <0.001 0.008(0.003) <0.001 0.017(0.003) <0.001

Birth order
1st 0.49(0.05) <0.001 0.39(0.04) <0.001 0.46(0.04) <0.001 0.36(0.04) <0.001
2™* 0.36(0.04) <0.001 0.24(0.04) <0.001 0.27(0.04) <0.001 0.20(0.04) <0.001
3"* or more - - - - - - - -

Younger siblings
No/One - - - - - - - -
Two -0.17(0.05) <0.001 -0.15(0.04) <0.001 -0.14(0.04) <0.001 -0.09(0.04) 0.04
Three or more -0.29(0.07) <0.001 -0.24(0.06) <0.001 -0.22(0.06) <0.001 -0.08(0.06) 0.20

Social class
I&n 0.37(0.05) <0.001 0.17(0.05) <0.001 0.15(0.05) <0.001 0.02(0.05) 0.70
niNM 0.31(0.06) <0.001 0.16(0.06) <0.01 0.13(0.05) 0.02 0.01(0.05) 0.92
HIM 0.09(0.04) 0.03 0.04(0.04) 0.31 0.03(0.04) 0.41 -0.02(0.04) 0.68
IV&V - - * - - - - -

Housing tenure
Owner 0.36(0.04) <0.001 0.21(0.03) <0.001 0.20(0.03) <0.001 0.06(0.04) 0.08
Private rental 0.15(0.05) <0.001 0.09(0.04) 0.03 0.10(0.04) <0.01 0.03(0.04) 0.46
Social housing - - - - - - - -

Crowding
<1 person/room 0.63(0.05) <0.001 0.45(0.04) <0.001 0.45(0.04) <0.001 0.25(0.05) <0.001
I-I.5 0.41(0.05) <0.001 0.33(0.04) <0.001 0.33(0.04) <0.001 0.22(0.04) <0.001
>1.5 persons/room - - - - - - -

Parental divorce
Yes -0.15(0.10) 0.13 -0.12(0.09) 0.18 -0.08(0.09) 0.37 -0.04(0.09) 0.63
No - - - - - - - -

Disability at age 7
Yes -0.31(0.09) <0.001 -0.30(0.08) <0.001 -0.29(0.08) <0.001 -0.24(0.08) <0.01
No - - - - - - - -

t  the average of maternal and paternal height SDS 
Model adjustment

(1)unadjusted
(2)adjusted for (1) and mid-parental height
(3)adjusted for (2) and fetal and infancy factors (maternal smoking, birthweight, breastfeeding)
(4)adjusted for (3) and all early life factors (maternal age, birth order, younger siblings, social class, housing tenure, crowding, 
maternal education, parental divorce, and childhood disability)
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Table 5.4 Estimated mean differences (s.e.) in height SDS (G3) hy parental height and early life factors 
(N=2462)

Model (1) Model (2)

Height SDS (G3)

Model (3) Model (4)
A (se) P Hse) P ^(se) P A (sc) P

Sex male (1210) -0.04(0.04) 0.35 -0.06(0.04) 0.11 -0.06(0.04) 0.10 -0.06(0.04) 0.17

Parental height*
Maternal height SDSt 
Paternal height SDSt

0.44(0.02)
0.43(0.02)
0.47(0.03)

<0.001
<0.001
<0.001

0.42(0.02)
0.41(0.02)
0.44(0.03)

<0.001
<0.001
<0.001

0.42(0.02)
0.40(0.02)
0.46(0.03)

<0.001
<0.001
<0.001

Maternal smoking
None (1744) - - - - - - - -
Median (215) 0.03(0.07) 0.68 0.05(0.07) 0.51 0.08(0.07) 0.26 0.09(0.07) 0.21
Heavy (503) -0.08(0.06) 0.14 -0.08(0.05) 0.15 -0.04(0.05) 0.47 -0.01(0.05) 0.84

Birthweight(kg) 0.32(0.04) <0.001 0.27(0.04) <0.001 0.27(0.04) <0.001 0.28(0.04) <0.001

Breastfeeding
Never breastfed (867) -0.03(0.04) 0.55 -0.02(0.04) 0.61 0.00(0.04) 0.96 0.02(0.03) 0.56
Ever breastfed (1594) - - - - - - - -

Maternal age (y) 0.004(0.006) 0.52 0.001(0.006) 0.82 0.001(0.006) 0.87 0.003(0.006) 0.68

Birth order
1st (1454) 0.24(0.07) <0.001 0.21(0.07) <0.01 0.24(0.07) <0.001 0.26(0.07) <0.001
2"“ (767) 0.19(0.07) <0.01 0.16(0.07) 0.02 0.17(0.07) 0.01 0.17(0.07) 0.01
3"* or more (241) - - - - - - - -

Younger siblings
No/one (1992) - - - - - - - -
Two (381) -0.09(0.05) 0.10 -0.07(0.05) 0.16 -0.07(0.05) 0.19 -0.12(0.06) 0.04
Three or more (89) -0.12(0.11) 0.26 -0.11(0.10) 0.28 -0.09(0.10) 0.39 -0.14(0.11) 0.21

Social class
I&n (785) 0.05(0.06) 0.43 0.01(0.06) 0.87 -0.01(0.06) 0.88 -0.05(0.06) 0.40
niNM (301) 0.09(0.08) 0.27 0.03(0.07) 0.73 -0.02(0.07) 0.74 -0.04(0.07) 0.58
HIM (835) 0.003(0.06) 0.96 -0.02(0.06) 0.69 -0.04(0.06) 0.52 -0.05(0.06) 0.39
IV&V (541) - - - - - - - -

Housing tenure
Owner (1835) 0.15(0.06) <0.01 0.15(0.05) <0.001 0.14(0.05) <0.01 0.13(0.06) 0.02
Private rental (104) 0.33(0.12) <0.01 0.26(0.11) 0.01 0.25(0.11) 0.02 0.24(0.11) 0.03
Social housing (523) - - - - - - - -

Crowding
< 1 person/room (1115) 0.30(0.10) <0.01 0.19(0.10) 0.06 0.17(0.10) 0.08 -0.02(0.11) 0.80
1-1.5 persons/room (1199) 0.22(0.10) 0.04 0.12(0.10) 0.21 0.12(0.10) 0.22 -0.02(0.10) 0.84
>1.5 persons/room (148) - - - - - - - -

Parental divorce
Yes (334) 0.05(0.06) 0.65 0.05(0.06) 0.41 0.07(0.06) 0.26 0.08(0.06) 0.21
No (2128) - - - - - - - -

Maternal education!
<A-level (1124) -0.05(0.07) 0.11 0.03(0.06) 0.75 0.06(0.06) 0.99 0.12(0.06) 0.05
A-level+ (424) - - - - - - - -

Disability (4-18y)
Yes (111) -0.22(0.09) 0.01 -0.19(0.09) 0.02 -0.16(0.09) 0.08 -0.16(0.09) 0.07
No (2351) - - - - - - - -

* the height SDS of cohort members at age 33, either the father or the mother 
t  children of female cohort members only (n=1580) 
t  children of male cohort members only (n=882)
Model adjustment

(1)adjusted only for age and sex
(2)adjusted for (1) and parental height
(3)adjusted for (2) and fetal and infancy factors (maternal smoking, birthweight, breastfeeding)
(4)adjusted for (3) and all early life factors (maternal age, birth order, younger siblings, social class, housing tenure, crowding,
maternal education, parental divorce, and childhood disability)

195



5.3.1 Factors influencing height at age 7 in cohort members (G2)

All factors examined were significantly associated with height of G2 at age 7 (Table 5.3). 

Their influences on height were reduced but remained significant after adjusting first for 

mid-parental height, and then for fetal and infant factors. After allowing for all childhood 

factors, the influences of breastfeeding, father’s social class, parental divorce and maternal 

education on height were no longer significant, suggesting that their impact on childhood 

height was explained by other early life factors.

Mid-parental height

Parental height was the strongest predictor for height of children; for every unit increase in 

mid-parental height SDS, the mean height SDS for cohort members increased by 0.56 (2.9 

cm) at age 7. The relationship remained strong after allowing for all other factors (Table 

5.3).

Maternal smoking

Maternal smoking during pregnancy was significantly associated with childhood height in 

G2. Variable and heavy smokers were combined as the strength of their effects was similar. 

Table 5.3 shows that children of heavy/variable smokers were shorter than those of non

smoking mothers by a height SDS of 0.24 (1.2 cm) at age 7. The difference reduced to 0.13 

(0.7 cm), but was still significant after adjusting for birthweight, indicating that birthweight 

was a pathway factor in the relationship between smoking and childhood growth as shown 

in Chapter 4. The difference further reduced to 0.06 (0.3 cm), though it remained 

significant after adjusting for other factors. Therefore, maternal smoking had only a weak 

effect on height in G2 once birthweight and all other factors were taken into account.
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Birthweight

A significant linear relationship was found between birthweight and height in G2 in 

childhood (Table 5.3). For every 1kg increase in birthweight, the mean height SDS 

increased by 0.51 (2.6 cm) at age 7. The relationship was weakened but remained highly 

significant after adjusting for parental height. However, further adjusting for fetal, infant, 

and childhood factors did not affect the linear relationship.

Breastfeeding

Breastfeeding had a significant effect on childhood height in G2. Cohort members who 

were breastfed were taller on average than those who were never breastfed by a height SDS 

of 0.15 (0.8 cm) at age 7. The difference reduced by 40% to 0.09 once mid-parental height 

was accounted for. The relationship was no longer significant after adjusting for early life 

factors, suggesting that the influence of breastfeeding on height was explained by parental 

height and other early life factors.

Maternal age

A weak but significant linear relationship between maternal age at childbirth and height 

was seen at 7 years in G2. The relationship strengthened after allowing for early life 

factors, possibly due to the negative confounding effect of birth order; later-bom children 

were more likely to be bom to older mothers and were shorter on average than early bom 

children.

Birth order and number o f younger siblings

Birth order and number of younger siblings were both associated with G2 height, with first- 

bom children being taller on average than third or later bom children, by a height SDS of
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0.32 (1.7 cm). The effect of birth order on height changed little after adjusting for other 

early life factors, suggesting that its impact on height was independent of other early life 

factors. However, the difference reduced to 0.08 (0.4 cm) after adjusting for family size 

(data not presented). Cohort members with few younger siblings (none or one) were taller 

on average than those with three or more, by a height SDS of 0.37 (2.0 cm). The difference 

reduced to 0.07 (0.4 cm) and was no longer significant after adjusting for family size (data 

not presented). Therefore, effects of birth order and number of younger siblings were 

mainly explained by the effect of family size in G2; later-bom children and those with more 

siblings were shorter because they came from larger families.

Social class

Social class was significantly associated with height of G2 at age 7, with clear social class 

gradients (Table 5.3). The difference in height SDS between classes I&II and classes IV&V 

was pronounced (0.39) and was reduced but remained significant after adjusting for mid- 

parental height, suggesting that some of the social class effect on height was explained by 

parental height, a combined genetic and environmental factor. The relationship between 

social class and childhood height was no longer significant after further allowing for other 

childhood factors.

Housing tenure and household crowding

The association between housing tenure and height was significant in G2, with children 

from owner occupied properties being the tallest, followed by children from private rental 

accommodation (Table 5.3). Children from council/housing association rental 

accommodation were the shortest, with a difference in height SDS between the two extreme 

groups of 0.37 (1.9 cm). Only a weak relationship existed with a much smaller difference of
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0.08 (0.4 cm) after allowing for all other early life factors, including social class and 

crowding (although still significant).

As shown in Table 5.3, the effect of crowding on height was also significant in G2, with a 

clear trend according to level of crowding. The difference in height SDS between children 

from households with less than one person per room and households with more than 1.5 

persons per room was 0.65 (3.4 cm). It was reduced to 0.22 (1.1 m) but remained 

significant after allowing for other early life factors.

Parental divorce/separation

Cohort members who had experienced parental separation or divorce were on average 

shorter than those who had not, by a height SDS of 0.20 (1.0 cm). The relationship was not 

affected by fetal and infant factors, but became non-significant after allowing for other 

early life factors. As shown in Chapter 4, the age of the child when the separation or 

divorce took place was found to have an impact on growth. Cohort members whose parents 

divorced between ages 4 and 7 years were not only significantly shorter on average than 

children whose parents were not divorced by a height SDS of 0.35 (1.8 cm), but also 

shorter than children whose parents divorced before the age of 4 years by 0.27 (1.4 cm), 

though borderline significant (p=0.06). The association remained with a significant 

difference of 0.22 (1.1 cm) after allowing for all other early life factors (data not presented).

Maternal education

Mother’s education was significantly associated with G2 childhood height, with children 

whose mother stayed at school after the minimum school-leaving age being taller on 

average than those whose mother did not stay, by a height SDS of 0.22 (1.1 cm). The
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difference reduced by 64% after the adjustment of mid-parental height, and disappeared 

after all other factors were accounted for. Therefore the influence of maternal education on 

height was explained by parental height and other early life factors in G2,

Childhood disability

Childhood disability was significantly associated with G2 height. Children with disability 

were shorter on average than those without by a height SDS of 0.24 (1.2 cm) at age 7. The 

difference remained (0.14) after adjusting for all other factors. Childhood disability 

therefore influenced G2 growth independently of other early life factors.

Summary

Within the cohort, all factors, except breastfeeding, social class, maternal education, and 

parental divorce, were significantly associated with height at age 7 after taking into account 

parental height and other early life factors. Mid-parental height SDS was the most powerful 

variable in terms of the percentage of the variance in height explained, accounting for 

20.4%, followed by birthweight (6.6%). Other early life factors together accounted for 

7.1% of variation in height. The total variation attributable to all these factors was 27.2% 

(Table 5.5).
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Table 5.5 Percentage of variance in height SDS (G2 and G3) explained

hy biological and early life factors

Factors G2 G3

Mid-parental height 20.4%

Parental height (either parent) 18.2%

Maternal height 14.2%

Paternal height 13.1%

Birthweight 6.6% 3.8%

Early life factors t 7.1% 22%

All factors 27.2% 21.6%

t all factors except parental height and birthweight

5.3.2 Factors influencing childhood height in the offspring (G3)

Several factors, including parental height, birthweight, birth order, housing tenure, 

crowding, and childhood disability were found to be significantly associated with the height 

of G3, whereas the effects of maternal smoking, breastfeeding, maternal age, number of 

younger siblings, social class, parental divorce and maternal education on height were no 

longer significant (Table 5.4).

Parental height (father’s or mother’s) was significantly associated with height of G3, with 

the mean height SDS increasing by 0.44 (2.3 cm) for every unit increase in parental height 

SDS. The relationship remained strong (fi =0.42) after adjusting for all other factors.

A significant linear relationship was also found between birthweight and height of G3, for 

every 1kg increase in birthweight, the mean height SDS increased by 0.32 (1.7 cm). The
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relationship was weakened but remained highly significant after allowing for parental 

height, and was not affected by further adjustment for other fetal, infant, and childhood 

factors.

Birth order was significantly associated with height of G3, with first-bom children being 

taller on average than third or later-bom children by a height SDS of 0.24 (1.2 cm). A 

difference of 0.21 remained (1.1 cm) after adjusting for family size. Thus the influence of 

birth order on height was independent of family size among G3. The association of the 

number o f younger siblings and height was not significant in G3, although a small 

difference in height SDS of 0.12 (0.6 cm) was seen between children with none or one 

sibling and children with three or more siblings. Effects of birth order and number of 

younger siblings on height remained after adjusting for each other and early life factors.

Housing tenure was significantly associated with height of G3. Children from private rental 

properties were the tallest, followed by children from owner occupied accommodation. 

Children from council/housing association rental accommodation were the shortest. The 

difference in height SDS between the two extreme groups was 0.33 (1.7 cm), while 

children from owner occupied properties were taller on average than those from 

council/housing association rental accommodation by a height SDS of 0.15 (0.8 cm). After 

allowing for other factors, the difference between the two extreme groups reduced to 0.24 

(1.2 cm), but remained significant.

Childhood disability was significantly associated with height of the offspring. Children 

with disability were shorter on average than children without by a height SDS of 0.22 (1.1
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cm). The difference remained high (0.16) after adjusting for all other factors, although it 

was borderline significant (p=0.07).

Other factors'. The associations of maternal smoking during pregnancy, breastfeeding, 

father’s social class, and maternal education with height found in G2 were not significant in 

G3. The linear relationship between maternal age and height was no longer significant in 

G3. However, further analysis (data not presented) showed that offspring of young (<25y) 

and lone-mothers were shorter on average than the others by 1 cm, although the difference 

was borderline significant (p=0.08).

There was a clear trend of reducing mean height SDS with increasing level of crowding in 

G3, with a difference between children from households with less than one person per room 

and more than 1.5 persons per room of 0.30 (1.6 cm). The difference was no longer 

significant after allowing for other early life factors.

No difference was found between offspring who experienced parental separation or divorce 

and those who did not by the age 7. As the offspring (G3) had a large age range, a separate 

analysis including only 7-8 year old offspring («=520) showed that the mean height of 

offspring whose parents divorced/separated before they were aged 4 years was similar to 

that of those whose parents did not divorce, while offspring whose parents divorced 

between ages 4 and 7 years were shorter on average than those whose parents didn’t by a 

height SDS of 0.27 (1.4 cm), although the difference was not significant. A difference of 

0.18 (0.9 cm) remained after adjusting for other early life factors.
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As the number of subjects in G3 («=2462) was much smaller than that for G2 («=7993 at 

age 7), the non-significant effects estimated for the offspring were also calculated for the 

sample size of the cohort members (t-tests based on the standard errors calculated from 

standard deviation using the G3 sample and the sample size of G2) and they remained non

significant, except for disability. Therefore the non-significance of the effects of maternal 

smoking, breastfeeding, maternal age, crowding, maternal education, and parental divorce 

on height of the offspring generation was not related to the reduction in the G3 sample 

compared with G2.

Summary

Apart from parental height and birthweight, birth order, number of younger siblings and 

housing tenure were significantly related to height of G3 in the fully adjusted model. The 

influence of disability on height remained strong, though became borderline significant 

(p=0.07) after adjusting for other factors.

As in G2, the variation in height of G3 was mainly explained by parental height SDS 

(18.2%), followed by birthweight (3.8%). Other early life factors together explained 2.2% 

of the variation in height. The total variation in height SDS of the offspring attributable to 

these factors was 21.6% (Table 5.5).

5.3.3 Comparison of influences on childhood height in two generations (G2 and G3)

Parental height, birthweight, birth order, number of younger siblings, housing tenure, and 

childhood disability were associated with childhood height in both G2 and G3.
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Table 5.6 provides correlation coefficients between father-child and mother-child pairs, 

separately. Similar to Tables 5.3 and 5.4, the strength of the parent-child association was 

stronger in G3 than in G2, with the mother-child and father-child correlation coefficients of 

0.41 and 0.45 in G3 compared to 0.39 and 0.35 in G2, respectively (Table 5.6).

Table 5.6 Parent-child correlation coefficients for G2 and G3

Correlation coefficient G2

AgeVy

G3 

Age 4-18y

Father-child 0.35 0.45

Mother-child 0.39 0.41

Either parent 0.43

Mid-parent 0.45

The correlation between mid-parental height and the height of the cohort member at the age 

of 7 (0.45) was similar to the correlation between parental height (father or mother) and the 

offspring height (0.43). But the estimation of the regression coefficient for mid-parental 

height SDS in G2 from the two-level model (0.56) was greater than that for parental height 

SDS in G3 (0.44). This was due to the fact that regression coefficients depend on variances 

of the two measures. The variance of mid-parental height SDS in G2 (0.74) was smaller 

than the variance of parental height SDS in G3 (1.03).
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Table 5.7 Significance level (p) for the change of each effect on height between G2 and G3

Signifîcance (p) for change of effects*

Model (1) Model (2) Model (3) Model (4)

Maternal smoking 0.01 0.02 0.06 0.26

Birthweight 0.001 0.02 0.05 0.02

Breastfeeding 0.02 0.16 0.21 0.19

Maternal age 0.50 0.16 0.12 0.07

Birth order 0.63 0.95 0.72 0.39

Younger siblings 0.03 0.04 0.04 0.94

Social class <0.001 0.06 0.004 0.68

Housing tenure <0.001 0.06 0.11 0.29

Crowding <0.001 <0.01 <0.01 0.10

Parental divorce (Yes/no) 0.07 0.04 0.07 0.07

Disability 0.78 0.77 0.75 0.84

* all effects listed were stronger in G2 than in G3 (change G3-G2<0)

The effect of birthweight on height was significant in both generations, with a stronger 

linear relationship in G2 (p=0.001). In both generations, the birthweight influence on height 

was not affected by adjusting for early life factors.

There was a quadratic relationship between birthweight and height in G3 (Figure 5.1), 

though it was borderline significant (p=0.07) (data not presented).
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Figure 5.1 Mean height SDS for G2 and G3 by birthweight
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The effect of birth order on childhood height was significant in both generations (G2 and 

G3), even after adjusting for other early life factors. The effect of birth order on height of 

G2 was due to the impact of family size, whereas in G3 it was independent of family size.
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Figure 5.2 Mean height SDS for G2 and G3 by birth order
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However, the strength of the association between birth order and childhood height was 

stronger in G2 than in G3, though the difference was non-significant (Table 5.7). Figure 5.2 

illustrates the mean height SDS by birth order in G2 and G3. It shows that fifth or later born 

children were much shorter than the others (Figure 5.2). Thus the smaller difference 

between the third or later boms and first boms in G3 was possibly due to fewer high order 

offspring (5̂*̂  born children in G3, n=5) compared to G2.

The association between housing tenure and childhood height was significant in both 

generations, but the patterns of the relationships were different (/?<0.001). In G2, cohort 

members from owner occupied properties were the tallest, whereas for G3, the tallest were 

those from private rental properties. However, in both generations children from council- 

rental accommodation were the shortest.
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The strength of the effect of crowding was reduced significantly in the next generation (G3) 

as shown in Table 5.7. The difference in height SDS between children from households 

with less than one person per room and those with more than 1.5 persons per room was 

0.65 (3.3 cm) in G2, but it was less than half (0.30) in G3.

Childhood disability was consistently associated with height and the strength of the 

relationship was similar in the two generations. The growth deficits due to childhood 

disability were independent of genetic and environmental factors.

The significant association between father’s social class and height in cohort members (G2) 

did not persist in their offspring (G3). There was a pronounced difference in height SDS 

between social classes I&II and IV&V of 0.39 at the age of 7 in G2, but only a small 

difference of 0.05 (non-significant) was found in G3. The effect of social class on height 

was weakened significantly over the two generations (Table 5.7).

In G2, 26.2% of mothers stayed after minimum school-leaving age (14-15 years). In G3, 

27.4% of mothers had A-level or higher education. Mother’s education was significantly 

associated with height of cohort members at the age of 7 (G2), with a difference in height 

SDS of 0.22 (1.1 cm) between children whose mother stayed after the minimum school- 

leaving age and children whose mother did not stay. The association was explained by 

other early life factors. In G3, there was no difference in height between children whose 

mother had A-level or higher education and children whose mother did not.

Parental separation or divorce was associated with height in G2 but not in G3. However, 

age of the child when divorce happened was found to be associated with growth in both
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generations. Children whose parents divorced between ages 4 and 7 years were shorter on 

average than their counterparts at age around 7 years in both generations, even after 

adjusting for other early life factors, although the relationship was non-significant in G3.

5.4 Discussion

It is well accepted that both genetic and environmental factors influence childhood height 

(Table A1.2). But whether factors that had an impact on height in the past are still 

important in a modem society is less clear. Several studies revealed a reduction of the 

strength of the effects of socio-economic status and household crowding on height 

162,164,269,270̂  whereas the influence of family size on height was found to be persistent 

However, these studies used cross-sectional samples from different periods and conclusions 

were based on the comparison of the magnitudes of these effects between samples from 

different time periods. Thus changes of these effects cannot be tested statistically. There 

have not been any studies comparing the patterns of early life influences on height across 

two generations within families, possibly due to the lack of multi-generational data.

5.4.1 Methodological considerations

There are several methodological issues which should be considered in the analyses and 

interpretation of the results. As described in Chapter 3, the sample used in this analysis was 

not an independent one; the sample of G3 was a sub-sample of all children bom to G2 and 

therefore was correlated to their parents (cohort members). Although only about 20% of
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families had children in the study sample, either because some cohort members had not yet 

had children by the age of 33, or their children were not selected for the “Mother and Child 

Study”, or selected but were all under 4 years of age, the correlation between cohort 

members (G2) and their offspring (G3) was strong (0.43). It is therefore important to take 

into account the covariance structure between G2 and G3.

Furthermore, our approach incorporating two generations at the same level (level 1) into a 

single two-level model allows us testing for the difference in an effect between G2 and G3. 

It should also be mentioned that the comparison of two generations should not be based 

only on the significance level. A difference in height SDS between groups that was highly 

significant in G2 might not be significant in G3 because of the smaller sample size. For 

example, in G2, children with disability were significantly shorter than those without 

disability by a height SDS of 0.14 after taking into account of other factors. However, a 

slightly larger difference of 0.16 seen in G3 was only borderline significant (p=0.07) due to 

the smaller sample size in G3. The non-significant effect of disability estimated for the 

offspring (G3) was however, found to be significant when calculated for the sample size of 

the cohort members (G2).

The comparison of height differentials between sub-groups across generations may be 

affected by the stage of puberty due to different age distribution in the two samples. Cohort 

members were all around 7 years, whereas the offspring were between ages 4 and 18 years 

with an average of 8.3 years.

Although there is a recent trend towards increasing maternal age mothers of G3 were on 

average younger at child birth than G2 and general population in UK Despite the fact
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that the age of the child has been adjusted throughout the analyses, our findings were still 

affected by the small number of children bom to mothers over 30 years. Effects that were 

dependent on maternal age might have been under- or over-estimated in G3.

Another limitation of the data is that some important information was not collected for the 

partner of each cohort member, the other parent of the offspring. For example, height was 

only measured in the cohort member. Information on maternal education was missing for 

the offspring of male cohort members and consequently, the relationship between maternal 

education and offspring height was only assessed for a sub-group of G3.

5.4.2 Secular trends for height and birthweight

A secular trend was reported in adult height among parents and children of the 1958 cohort 

(G1 and G2) As most secular increase in adult height is established during childhood 

the intergenerational trend towards increasing childhood height found between cohort 

members and the offspring (G2 and G3) was the continuation of that trend in a recent 

generation. Improved nutrition in infancy and childhood, as well as the general 

improvement in economic prosperity across all social classes, are reflected in the increased 

growth and development of children during this period.

Although it has been suggested that there are small and gradual increases in birthweight in 

England, Wales, and Scotland birthweight has not increased over the two generations 

of the 1958 cohort. Possible explanations include: (1) offspring (G3) were bom to young 

mothers who are associated with low birthweight (2) birthweight of G2 was measured, 

whereas birthweight of G3 was reported by the cohort member after 4-18 years and was
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therefore more subject to bias and (3) the absence of a birthweight trend may in part 

relate to the improved survival rate among premature and low weight births. In our study 

samples, 0.9% (70/7993) of cohort members were bom below 2000g, while the 

corresponding proportion was doubled in their offspring (1.8% (44/2462)).

5.4.3 Factors that consistently influence height

In affluent societies, heritability is likely to be higher than in societies with a low standard 

of living because of the stronger effect of environmental factors. The strength of the parent- 

child association was stronger in G3 than in G2, suggesting the improvements in the living 

standard in Britain since 1958

It has been recognized that the influence of maternal height on offspring height was greater 

than paternal height This was evident in cohort members (Table 5.6). But 

unexpectedly, a weaker effect of maternal height was seen in the offspring generation 

compared to paternal height. A possible explanation is that offspring bom to female cohort 

members were on average older than those bom to male cohort members, and therefore the 

influence of matemal height was likely to be affected by the stage of puberty.

The decline in some social environmental influences on height after adjusting for parental 

height suggested that some of the environmental effect on growth was mediated through 

parental height in both generations, reflecting the combined genetic and environmental 

influence of parental height. Parents and children are likely to share a similar childhood 

environment
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Although the linear relationship between birthweight and height was significant in both 

generations, the strength of the association has weakened significantly. The quadratic 

relationship as well as the changing distribution of birthweight with increasing number of 

low birthweight babies might have affected the linear relationship in G3. In addition, 

reported birthweight for G3 might be subject to recall bias and lead to an underestimation 

of the birthweight-height relationship.

Apart from parental height and birthweight, factors consistently associated with height in 

both generations include birth order, housing tenure, and disability.

High birth order has been found to be associated with short stature in many studies 

In the current analysis, the association between birth order and childhood height was 

significant in both generations and became stronger after allowing for factors related to 

fetal development, indicating the negative confounding effect of birthweight The 

mechanism for the effect of birth order on height is not well established. It has been 

suggested that the postnatal nutrition may be affected by family size in developing 

countries Our findings showed that both in the cohort and their offspring, the impact of 

birth order on height was not affected by their genetic potential and a wide range of early 

life factors, suggesting that although it was attributed to family size in G2, postnatal growth 

rate might have been influenced by matemal uterine factors during fetal development. It has 

been shown in a recent British cohort that first-born children were smaller at birth but 

showed dramatic catch-up in height, over compensated for the initial size deficit and 

became taller in childhood A smaller difference in height between first and third or later 

bom children seen in G3 was possibly due to the smaller number children of high birth
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order in G3 who tended to be shorter than the others (2% were 4th or later boms in G3 

compared to 15% in G2).

The impact of housing tenure on height remained significant in G3, although the patterns of 

the association differed from G2. Housing conditions have improved over the study period 

(1965-91), with a great increase of children living in owner occupied properties. In the 

meantime, the proportion of children living in council rental accommodation has fallen. In 

the 1958 cohort, 11% of homeowners have bought their property from a local authority or a 

housing association and they were likely to be previously council or housing association 

tenants. This might have partly explained the reduced difference in height between children 

from owner occupied properties and those from council rental accommodation in G3.

Results in Chapter 4 showed that children with disability were shorter both in childhood 

and adulthood. This current analysis found that the impact of disability on height remained 

in the offspring generation and was also independent of genetic and early life factors.

5.4.4 Factors whose patterns or strength of the influence changed

The association between matemal smoking during pregnancy and height of the child was 

significant in G2, but not in G3. Results from G2 (in the current analysis or in Chapter 4) 

show that growth deficits due to matemal smoking observed in early childhood occurred 

independently of fetal retardation. But similar to findings from another recent British 

cohort, the reduction in childhood height was not found in the offspring generation. It 

seemed that children of mothers who smoked during pregnancy had complete catch-up 

growth in height during the first few years of life It has been suggested that impaired
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growth in height due to adverse fetal conditions can be overcome by improved socio- 

environmental conditions in early life Thus the improved early life conditions and 

nutrition in the recent generation might have explained the weakened relationship in the 

offspring.

Breast milk provides nutritional needs during infancy. Studies of early samples in Britain 

demonstrated advantages of breastfeeding on postnatal growth in height. Infants who were 

breastfed during the 1920s-1940s in Britain were taller in childhood and adulthood after 

controlling for socio-economic variables But a study of the 1970 cohort showed that the 

effect of breastfeeding on height was explained by social factors which are known to 

influence the choice of breastfeeding The benefit of breastfeeding on height of the 1958 

cohort was attributed to the differences in other early life factors. The findings of no 

association between breastfeeding and childhood height in the offspring is consistent with 

results from the British cohort bom in 1992-93. The good quality infant formula, which 

provides adequate energy and nutrients, may explain the reduced importance of 

breastfeeding in relation to growth in height.

There was a weak relationship between age of the mother at childbirth and height in G2, 

but not in G3. The different distributions of matemal age in the two generations, with the 

distribution skewed towards the lower end and 98% mothers under 30 years of age at child 

birth might have resulted in the lack of the matemal age effect in G3.

The unadjusted association between the number of younger siblings and height clearly seen 

in G2 was weakened significantly in G3 (p=0.03), while the adjusted association remained. 

One possible explanation is that there were fewer children in G3 who had more than 3

216



younger siblings and were much shorter than the others. However, the reduction was 

explained by other early life factors. The impact of crowding on childhood height was 

significant in both generations, although became attenuated in the offspring (G3). Similar to 

birth order, fewer children in G3 living in extremely crowded conditions (i.e. >2 persons 

per room) might have explained the reducing influence of household crowding on height.

In Britain, the educational level of mothers has improved over time Children whose 

mothers stayed after minimum school-leaving age were significantly taller than children 

whose mothers did not in G2, whereas in G3, only a small difference was found between 

children of mothers without any education and the others. There was no difference in height 

between children whose mother had a higher and a lower educational level.

The distress and difficulties experienced during parental separation or divorce can be a 

major disruption in children’s lives. Our analyses revealed that children whose parents 

divorced between ages 4 and 7 years tended to be shorter in early childhood (7y) than 

children whose parents either did not divorce or divorced before the age of 4, although a 

similar difference seen in G3 was non-significant. The association was independent of other 

early life factors, indicating that the reduction in childhood height was due to the stress, 

over and above the change of socio-economic situation of households after the divorce as 

suggested by the others

The total variance in height (SDS) was similar in the two generations. Among all factors, 

parental height and birthweight explained most of the variation in height. It has been 

suggested that the relative effects of genetic and environmental factors on height might 

have changed over time. A recent Finnish twin study showed that the heritability increased
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from cohort bom before 1929 to those bom between 1947 and 1957, indicating that 

changing environmental factors affect the heritability of height Our results suggested 

that the relationship between parental height and height of children remained strong in G3, 

while effects of other early life factors were either unchanged or weakened.

A smaller proportion of variation in height explained by social environmental factors than 

parental height and birthweight is expected because much of individual variation in height 

is genetic, which is unrelated to social stratification. In addition, the division of social 

variables into several categories still leaves a considerable amount of socio-economic 

heterogeneity within levels. The proportion of total variance in height (SDS) explained by 

early life factors considered has diminished from 7.1% in G2 to 2.2% in G3, suggesting that 

there might be a decline in height inequalities in Britain.

5.4.5 Reducing inequalities in height

The most noticeable change in this study was the decline in the importance of early life 

factors, especially those related to socio-economic conditions. Social class based on the 

father’s occupation is associated with available family income and mother’s educational 

status, which is important for health behaviour, feeding practices, and care of the children. 

Social class differences in height were pronounced in G2, but had practically disappeared in 

G3. The variation in height of G3 was mainly explained by biological factors such as 

parental height and birthweight.

There has been a tendency for children of lower social class to catch up in stature with 

those higher in the social scale. In Sweden, the height of the 10 year old children in the
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more privileged group (defined by father’s occupation and number of siblings) bom in 

1933, 1943, and 1953 was virtually unchanged, but the height in the less privileged group 

increased gradually In Croatia, the positive trends between 1973 and 1991 were more 

pronounced among children of manual workers In Britain, a greater height increase in 

lower social classes was reported in the 1958 cohort (3.7 cm in classes IV&V comparing 

with 2.5 cm m classes I&El among males) Similarly, our study showed that the reducing 

inequalities in height in the next generation of the cohort was due to a greater increase in 

height among children of lower social classes. While the increase in mean height SDS was 

hardly noticeable in classes I&II, offspring in classes IV&V increased by 0.35 (1.8 cm) 

with respect to cohort members (Figure 5.3). Improvements in the living standard of the 

low socio-economic groups might have led to a decrease in growth differences between 

social strata.

Figure 5.3 Mean height SDS of G2 (7y) and G3 (4-I8y) for classes I&II and IV&V
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Between 1965 and 1991, there has been general improvement in economic prosperity, 

particularly in the lower social classes. For example, housing conditions have improved in 

recent years, with a decrease in the number of inhabitants per room from 1.11 to 0.96.

There were only 6% of G3 still living in over-crowded accommodation in 1991 compared 

to 17.4% of G2 in 1965. There was also a significant increase of the number of children 

living in owner-occupied properties. These improved social conditions of G3 may underlie 

the increase of growth of children in lower social groups. The social class differences in 

height throughout the life-course and in the two generations are further explored in detail in 

Chapter 6.

5.5 Conclusions

The effects of fetal, infant, and childhood factors on height were investigated in two 

generations of the 1958 birth cohort. Most early life factors, except birth order, number of 

younger siblings, housing tenure, and disability, had a greater influence on childhood 

height of the older generation (G2) compared to their offspring (G3), while the influences 

of parental height and birthweight remained strong, suggesting that the offspring (G3) were 

closer to their genetic potential than their parents (G2), although adult heights are needed to 

verify this.

The weakening relationships between early life factors and height in G3 were mainly due to 

the reducing number of children from extremely disadvantageous conditions as well as 

general improvements in the living standard of the low socio-economic groups.
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Despite the greater secular increase of children in lower social strata, the growth of children 

with disabilities did not improve. The growth deficit due to disability was independent of 

their childhood environment.

Although variation in height is mainly explained by genetic factors, and early environment 

only explains a small proportion of variation, genetic differences in height may have no 

health implications, whereas failure to achieve height potential, even by only a small 

amount, may indicate a risk for adult health. While influences of some early life factors on 

height have weakened, children from extreme circumstances remained to be the shortest, 

even though the number of children affected has reduced. Further interventions to improve 

childhood health, reduce childhood disability, and monitor the growth of disabled children 

are necessary. In addition, providing support for children experiencing parental divorce is 

also important especially with the current increasing divorce rate in Britain
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Chapter 6

Social inequalities in height: life-course and inter

generational trends

6.1 Introduction

Secular trends in height are continuing in most west European countries including 

Britain The secular increase in height is regarded as an indicator of improving socio

economic and health status and is therefore important to a wide range of health 

outcomes (§1.3).

Socio-economic inequalities in height are reported in many developing and developed 

countries The tempo of growth also varies, with the slowest rate in the lowest social 

class and fastest in the highest class Our findings from the 1958 cohort using several 

alternative measures for early environment are consistent with these results.

The most notable findings in Chapter 5 are the secular increase in childhood height of 1cm 

between the two generations and the decline in the importance of several early life factors 

including father’s social class. Part of the reduction in the social class effect on height 

might be due to changes of social structure, with the reducing number of individuals in the 

lower social classes and an increasing number in higher social classes, as well as height 

related social mobility In this chapter, we adopt a fixed social class measure (social
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class of origin) for both generations to establish whether there have been any changes in 

inequalities in childhood height, which are due to changes in social environment.

We use information from the 1958 birth cohort and their offspring, to establish whether

i) the magnitude of social differences in height varies from childhood through to

adulthood;

ii) social inequalities in height have changed across two generations;

iii) the secular trend in height has occurred at a similar rate in all social groups; and

iv) the narrowing is still evident after the effect of social class on birthweight is

accounted for.

6.2 Methods and measures

Measurements on height and birthweight of the two generations and information of cohort 

members’ socio-economic circumstances in childhood and adulthood are summarised in 

Table 6.1. Detailed descriptions of these measures are given in Chapter 2 (§2.3).
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Table 6.1 Summary of variables used in Chapter 6

Variables Categories

Anthropometric measures

G2 height at 7, 11,16, 33 years

G3 height (at 4-18 years)

Parental height (Gl)

Birthweight (kg) (G2 and G3)

Measures for G2 childhood socio-economic circumstances

Social class based on father’s occupation (at 7) I&II, niNM, HIM, IV&V

Housing tenure (at 7) Owner, private rental, council rental

Measures for G2 adult socio-economic circumstances

Social class based on cohort member’s own current/most I&II, IIINM, IHM, IV&V

recent occupation (at 33)

Cohort member’s education level (at 33) No education, <0-level, 0-level,

A-level or higher

Samples

Cohort members (G2): As explained in §2.5.1, the sample of respondents at age 33 years is 

generally representative of the original birth cohort We used data on 15826 (8129 male

and 7697 female) cohort members with at least one height measure between ages 7 and 33 

years (92% had more than one measure) and information on parental height and social class 

of origin. This sample is also similar to the original birth study with respect to social class 

of origin, with 24.6% of cohort members from classes IV&V, compared to 24.3% in the 

origin sample; and respectively 19.6% from classes I&II compared to 19.5%.

The offspring (G3): The representativeness of G3 has been discussed in detail in §2.5.2.

The current analysis included a total of 2853 offspring with a height measure and social
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class of their grandfather (Gl). The average age of the sample was 8 years, ranging 

between 4 and 18 years with 94% of the sample under 14 years.

As shown in Table 6.2, the average maternal age of offspring was 24.4 years (range 15-38 

years), with 98% mothers under 30 years at childbirth, and were younger on average than 

mothers in the general population (27y in 1986) Offspring had a mean (-0.017) and 

standard deviation (1.06) of height, suggesting that the study sample of the offspring (03) 

is representative with respect to height The birthweight distribution for the offspring 

sample did not differ from all live births in England and Wales in 1991 The social class 

distribution for the offspring sample was similar to that of all live births to mothers under 

35 years in 1991 in England and Wales Yet, children of lone mothers and no-eamer 

families were under-represented in the 03 study sample as described earlier Therefore, 

offspring sample (03) under-represented certain groups of children, but it did not differ 

markedly from other British children of their age with respect to birthweight, height, and 

social class.

Data analyses

The association between social class of origin and height of 0 2  at different life stages, from 

childhood through to adulthood was examined simultaneously using a multivariate response 

model. Internally derived height standard deviation scores were used here. Details of the 

model and the reason for using it here were explained in §3.3.1. The estimation of mean 

height SDS by social class of origin was estimated from the model and transformed to 

centimetres for males and females separately. Differences in height (SDS) among all social 

classes and between extreme groups were tested using contrast tests described in §3.3.1. 

Contrast tests were also applied to assess whether the parameter estimation for social class
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differed between successive occasions. Social class differences in height were also 

examined with the adjustment for mid-parental height SDS.

For the comparison of height inequalities across two generations, externally derived height 

standard deviation scores for G3 and G2 were used (based on the 1990 British growth 

reference The associations of social class of origin with height of cohort members and 

height of the offspring were examined using a two-level model (3.9), where each family 

was assumed to be a level-2 unit and each individual to be a level-1 unit (§3.3.3). The 

estimated mean height (SDS) by social class and the difference between two extreme 

groups were transferred to centimetres. Adjustments for the age of the child were made 

throughout the analyses to reduce the confounding effect of maternal age. Similar models 

were repeated with covariate housing tenure as an alternative measure of childhood socio

economic position.

As the socio-economic circumstances in G2’s childhood might not reflect current 

circumstances for G3, measures for G2’s adult socio-economic position, social class and 

the highest education level at age 33, were also examined to assess inequalities in height in 

two generations.

Model (3.9) was also applied to assess the association between social class of origin (G3) 

and birthweight in two generations. The association between social class of origin and 

height of G2 and G3 was further adjusted for birthweight, to determine whether the 

narrowing has occurred beyond birth.
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Finally, the difference in mean height (SDS) between G3 (4-18y) and G2 (7y) was 

estimated within each social class using a two-level model (3.8) (§3.3.2). Similar results 

were found for father-offspring pairs and father-son pairs; likewise for mother-offspring 

pairs and mother-daughter pairs. Thus data for the same sex pairs were presented in Figure 

6.2 .

6.3 Results

As reported in Chapter 5, the offspring were taller on average than their parents in 

childhood. No increase was observed in mean birthweight between the two generations. 

There were fewer offspring (G3) from families with four or more children (10%) compared 

to cohort members (30%) (Table 6.2).
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Table 6.2 Selected characteristics for cohort members at 7 years (G2) and the offspring (G3)

Characteristic Cohort members (n=13375) 

7y

Offspring (/i=2853) 

Mean By

Sex n (%)

Boys 6894(51.5) 1406(49.3)

Girls 6481(48.5) 1447(50.7)

Age (y) mean (range) 7.3(7-8.5) 8.2(4-18)

Maternal age (y) mean (range) 27.5(14-47) 24.4(15-38)

n(%)

<30y 8669(66.5) 2718(98.1)

>30y 4361(33.5) 52(1.9)

Family size n (%)

1 1161(8.7) 295(10.3)

2 4703(35.3) 1469(51.5)

3 3499(26.3) 803(28.1)

> 4 3948(29.7) 286(10.0)

Birthweight mean (sd)

Boys 3409(524) 3361(552)

Girls 3268(511) 3252(529)

Height SDS mean (sd)t

Boys -0.20(1.08) -0.01(1.06)

Girls -0.25(1.11) -0.02(1.07)

Total -0.23(1.09) -0.02(1.06)

6.3.1 Social inequalities in cohort members (G2): from childhood through to 

adulthood

In G2, the effect of social class on height was significant at all ages, from childhood to 

adulthood, with an increase in mean height from each social class to the next (Table 6.3). 

Differences in height between classes I&II and IV&V exceeded 2 cm at all ages, and 

remained significant though reduced after parental height was accounted for. Significant 

differences of 0.7 cm (males) and 1.1 cm (females) remained in adult height after parental 

height was adjusted for (Figure 6.1).
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Table 6.3 Estimated mean height in cm (n) for cohort members (G2) at ages 7,11,16, 

and 33 years by social class in 1965

Age I&II

Social class of G l 

IIINM HIM IV&V d t

Mean (n) Mean (n) Mean (n) Mean (n)

Boys

7 124.4(1384) 123.5(675) 122.5(3145) 121.5(1690) 2.9

11 145.7(1246) 144.9(630) 143.6(2864) 142.4(1547) 3.3

16 172.0(1086) 171.2(566) 169.8(2433) 168.7(1291) 3.2

33 178.1(1363) 177.6(687) 176.5(3040) 175.7(1656) 2.4

Girls

7 123.4(1290) 122.9(680) 121.5(2950) 120.8(1561) 2.6

11 146.4(1197) 146.0(625) 144.3(2732) 143.6(1457) 2.8

16 162.5(1034) 162.3(506) 160.6(2326) 159.7(1218) 2.7

33 164.0(1390) 163.8(710) 162.2(3273) 161.5(1728) 2.5

t  differences between classes I&II and IV&V, and between all four social classes are 
significant for each sex at all ages (p<0.00l)

The effect of social class on the tempo of growth differed between boys and girls. Among 

boys, the association with social class was at its strongest at age 7 years and remained 

strong until age 11, and declined thereafter (Figure 6.1). The difference in mean height 

(SDS) between social classes I&II and IV&V reduced significantly from 0.48 (age 11) to 

0.41 (age 16), and to 0.36 in adulthood, though remaining significant (p<0.001). Boys from 

classes IV&V therefore had a faster growth rate throughout adolescence than their peers in 

classes I&II and continued growing after age 16. For girls, the difference in height (SDS) 

between classes I&II and IV&V decreased significantly from 0.43 (age 7) to 0.38 (age 11), 

but increased significantly to 0.44 (age 16). The divergence of growth rates between ages 

11 and 16 years was explained by the effect of parental height. After age 16, the decline in 

the difference in growth rate resumed as girls from classes IV&V either grew more rapidly 

or for an extended period.
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Figure 6.1 Difference in growth between children (G2) from classes I&II and IV&V
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Table 6.4 Mean height SDS (n) for G2 and G3 hy childhood socio-economic

circumstances of the 1958 cohort (1965)

Childhood

Circumstances

G2 («=13346) 

Boys Girls

G3 («=2853) 

Boys Girls

Social class

i&n

niNM

HIM

IV&V

0.10(1383)

-0.04(674)

-0.25(3138)

-0.42(1686)

0.01(1289)

-0.07(679)

-0.32(2942)

-0.43(1555)

0.15(229)

0.04(135)

0.07(649)

0.03(393)

0.15(207)

0.13(108)

-0.01(732)

-0.02(400)

d*$ 0.52(2.7cm) 0.45(2.3cm) 0.12(0.6cm) 0.16(0.8cm)

Housing tenure 

Owner occupied 

Private rental 

Social housing

-0.03(2937)

-0.15(1208)

-0.41(2693)

-0.06(2762)

-0.26(1112)

-0.45(2559)

0.10(476)

0.25(215)

-0.02(592)

0.05(448)

0.05(238)

-0.05(604)

df$ 0.38(2.0cm) 0.38(2.0cm) 0.13(0.7cm) 0.10(0.5cm)

* difference between classes I&II and IV&V, and differences among all four social classes 

are significant only among cohort members; estimates presented here may vary slightly 

from Table 6.3 because of the difference in sample, the reference data, and model used 

t  difference between owner occupied and council rental accommodation, and differences 

among all three tenure groups are significant only among cohort members 

t  difference in cm is based on a 7-year-old child

231



Table 6.5 Mean height SDS in) for G2 and G3 hy adult socio-economic circumstances

of the 1958 cohort (1991)

Adult G2(n==11077) G3 (n=2807)

circumstances Boys Girls Boys Girls

Social class

I&n -0.01(1963) -0.09(1614) 0.12(359) 0.05(337)

mNM -0.08(644) -0.18(2153) 0.16(385) 0.01(420)

HIM -0.28(1939) -0.35(446) 0.03(256) 0.06(260)

IV&V -0.44(1008) -0.47(1310) -0.03(379) -0.09(411)

0.41(2.1cm) 0.38(2.0cm) 0.15(0.7cm) 0.13(0.7cm)

Education level

None -0.54(395) -0.76(457) -0.26(185) -0.24(190)

<0-level -0.31(576) -0.39(778) 0.03(258) 0.10(269)

0-level -0.22(1063) -0.21(1691) 0.01(472) 0.06(474)

A-level -0.17(1094) 0.01(481) 0.02(211) 0.09(209)

Higher 0.07(1316) -0.06(1199) 0.15(251) 0.09(274)

dt$ 0.61(3.1cm) 0.71(3.6cm) 0.41(2.1cm) 0.15(0.8cm)

* difference between classes I&II and IV&V, and differences among all four social classes 

are significant only among cohort members 

t  difference between no qualification vs higher than A-level, and differences among all 

five education levels are significant only among cohort members and male offspring 

$ difference in cm is based on a 7-year-old child

6.3.2 Comparison of height inequalities in two generations (G2 and G3)

Estimates of mean height SDS for both generations by social class are given in Table 6.4. 

In contrast to the findings in 02, the effect of social class on height was no longer 

significant in 03, with modest differences of 0.12 (0.6cm) and 0.16 (0.8cm) between 

classes I&II and IV&V among boys and girls, respectively.
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A similar narrowing in class gradient was found with housing tenure, an alternative 

measure for childhood circumstances (Table 6.4). The influence of housing tenure was 

significant among G2, and was not significant among G3. The difference in mean height 

between children from owner occupied and council rental accommodation reduced from 2.0 

cm for G2 (boys and girls) to 0.7 cm and 0.5 cm for male and female G3, respectively.

Analyses for measures of adult socio-economic circumstances, social class and highest 

education level of cohort members at 33 years revealed similar results (Table 6.5). 

Influences of social class and education level at age 33 were significant among G2, but 

were no longer significant among G3, except for education in boys (G3), though reduced 

substantially. Differences in mean height between classes I&II and IV&V were 2.1 cm for 

boys and 2.0 cm for girls among G2, and 0.7 cm for boys and girls among G3. Differences 

in mean height between no qualification and higher than 0-level were 3.1 cm for boys and 

3.6 cm for girls among G2, and respectively 2.1 cm and 0.8 cm among G3.

Unlike height, a slightly narrowing of class gradients in birthweight was found but only in 

boys (data not presented). A difference in mean birthweight between classes I&II and 

rV&V of 88g (boys) and 80g (girls) was found in G2. A smaller difference of 45g (boys) 

and 66g (girls) was found in G3.

6.3.3 Height gain between two generations

Social class differences in height were lessened both in boys and girls over the two 

generations (Table 6.4). As shown in Table 6.4, there was no increase in mean height in 

classes I&II among boys and a small increase among girls (equivalent to 0.7 cm), but the

233



increase in classes IV&V was statistically significant (equivalent to 2,3 cm for boys and 2.1 

cm for girls). Likewise, there was only a small increase in mean height among children 

from owner occupied properties (equivalent to 0.7 cm for boys and 0.6 cm for girls), while 

a greater increase (equivalent to 2.0 cm for boys and 2.1 cm for girls) was found among 

children from council rental accommodation.

Differences in mean height between classes I&II and IV&V reduced slightly from 2.9 cm 

and 2.6 cm to 2.5 cm and 2.2 cm among G2 and remained unchanged among G3 after 

adjusting for birthweight (Table 6.6). As a result, the declining class differences in height 

were still evident after birthweight differences were accounted for.

Table 6.6 Difference in mean height between classes 

I&II and IV&V before/after adjusting for birthweight

Difference in height (cm) Unadjusted Adjusted

G2
Boys 2.9* 2.5*

Girls 2.6* 2.2*

G3
Boys 0.7 0.7

Girls 0.8 0.9

* statistically significant p<0.001

Further analyses using members from the same family showed that height gains of 

offspring relative to their parents varied by social class. As shown in Figure 6.2, male 

offspring had a similar average height to their fathers in classes I&II, whilst in classes 

rV&V there was an increase of 2.1cm (p<0.001). For girls, height gains in offspring relative

234



to mothers were evident in all social classes, albeit a greater height gain in classes IV&V 

was not significant (p=0.12).

Figure 6.2 Difference in mean height (SDS) between offspring and their parents 

by social class in 1965f
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6.4 Discussion

It is well established that children from higher social classes tend to be taller than children 

from lower social classes Like the impact of early environmental factors on growth 

trajectory shown in Chapter 4, the association between social class and height of G2 was 

established in early childhood. The magnitude of the association was at its greatest at age 7 

years after the genetic influence of parental height was accounted for. Parental height has
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explained a greater deal of variation in height between social classes. Thus parental height 

is not only a marker of genetic potential, but also an indicator of the early environment of 

the parents, which in turn is associated with early life conditions of the offspring, as 

suggested in our study as well as in other studies

It has been suggested that some of the socio-economic class differences seen in childhood 

height are due to differences in growth tempo Thus social class influences not only 

height at a certain age, but also the rate of growth and final adult height Our analysis 

from Chapter 4 showed that cohort members from classes IV&V tended to mature later 

than their counterparts. The current analysis showed that they continued to grow after the 

age of 16 years, which explains the significant decline in the social class differences in 

height after the age of 16 (though it is borderline significant in boys p=0.06). As a result, 

social class differences in height at a certain age do not fully reflect differences in attained 

adult height because of the phenomenon of catch-up growth during a later period.

It should be noted however, that children from higher social class did not necessarily 

mature early as shown in Chapter 4. This has been reflected in fact that the difference 

among girls did not increase at age 11, which would have explained the early growth spurt 

and maturation of girls from in higher social classes.

Social class differences seen in adult height were already evident in childhood. Subsequent 

comparison of childhood height between two generations revealed a secular increase in the 

offspring relative to cohort members, which was mainly due to a greater height gain in 

classes IV&V, though only significant among males. Thus the decline of social class 

differences in height between classes I&II and IV&V from more than 2 cm in childhood
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among cohort members to less than 1 cm among their offspring is clearly attributed to the 

greater height increase in manual social class. One possible explanations for the lack of 

secular trend in higher classes is that environmental conditions for children from higher 

social classes allow the their genetic potential for growing to be expressed fully

The fact that the decline of class differences in height was still present after the effect of 

social class on birthweight had been accounted for, suggesting that the narrowing occurred 

in early childhood, which is a “critical period” for growth in height.

6.4.1 Methodological considerations

A multivariate response model was adopted for the longitudinal growth data to explore the 

relationships between social class of origin and height at 7, 11, 16, and 33 years 

simultaneously as in Chapter 4 for the reason that that there were only a small number of 

measures over a long period of time. Similar to Chapter 5, a single two-level model was 

applied to compare the social class differences in childhood height in two generations. As 

the number of subjects in G3 («=2853) was much smaller than that for G2 (e.g. «=13375 at 

age 7), the size of the social class effect estimated for cohort members was also calculated 

for the sample size of the offspring and the effect remained significant. Therefore the non

significance of the difference in the offspring generation was not related to the reduction in 

the G3 sample compared with G2.

As we have explained earlier, some important information was not collected for the partner 

of the cohort member. For example, in the offspring generation, only height of the cohort 

member was measured, while height of the other parent was not available. Therefore
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analyses of height gains between mother-daughter and father-son were based on part of the 

sample. Another drawback created by the lack of partner data is that social class of the 

maternal or paternal grandfather was used for the offspring, even through their effect on 

growth of the third generation might be different. Similarly, alternative socio-economic 

measures, housing tenure and education level were collected only on the cohort member. 

All analyses therefore had to assume that the maternal and paternal effects of these 

characters on height of G3 were similar.

Social class of origin for cohort members was used in both generations for several reasons. 

Firstly, the classification of occupations has changed over years, with some jobs previously 

classified in an unskilled class being reclassified upwards. But social environment of 

individuals in these occupations might not have been improved more than the others. 

Secondly, social mobility is height related Individuals upwardly mobile are on 

average taller than those remaining in lower classes, yet shorter than those who are already 

in higher classes. The reverse is true for individuals who are downwardly mobile 

Therefore changes in the structure of society, with relatively large numbers of individuals 

moving into classes I&II, has resulted in a decrease in size of unskilled social classes. 

Consequently, the lowest social class has become a more extreme group while the highest 

social class constitutes a larger part of the population It has been previously reported 

that the proportion of men in social classes IV&V declined from 23% in 1965 to 16% in 

1991. In contrast, the proportion of individuals in classes I&II increased from 21% to 36%
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It has been suggested that changes in structure of society, i.e. with a general trend of 

upward mobility, have contributed to the diminished inequalities in adult height in the
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cohort members. Therefore selective social mobility might have counteracted an 

equalisation of the height between the two extreme groups. Hence, using a fixed social 

class measure for both generations ensured that changes in height inequalities were mainly 

due to changes in social environment. The same measures, housing tenure at age 7, social 

class and highest educational level at age 33, were used in both generations.

6.4.2 Narrowing inequalities in height

While social class differences in growth still exist in a wide variety of populations a

trend towards improved standards of living in different socio-economic classes resulting in 

diminishing of differences in growth has been found in many western countries, though 

fluctuations and inconsistent trends have been observed ^ -̂89,152,i62,i64,166,175,268,269,283-285

A previous study of the 1958 cohort and their parents showed that a secular trend of 

increase in adult height between two generations was mainly due to a greater height gain in 

the lowest social classes among males (3.7 cm in classes IV&V comparing with 2.5 cm in 

classes I&II) Another study of parents and children of the 1946 and the 1958 cohorts 

revealed that social class differences in height have diminished gradually for boys in recent 

years This current study extended these cross-generational comparisons to a more recent 

sample. Our finding of a greater height gain for classes IV&V among a younger generation 

(G3) appears to be a continuation of this trend. More importantly the trend has strengthened 

in recent years and is now evident for females. Our findings provided further evidence of a 

greater increase in height in manual class in a recent generation. It has been suggested that 

social class may not fully reflect early environment, and social inequalities should be 

assessed by a wider range of socio-economic measures Our analysis using the
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additional measure of childhood socio-economic conditions, housing tenure in 1965, and 

adult measures, cohort members’ social class and highest education level at age 33 also 

revealed a substantial narrowing. Our results are in agreement with the findings of a 

narrowing from the 1946 cohort to the 1970 cohort in girls (10 years) and to a recent 

generation bom in the 1980s (Nine Town Study) in boys (7 years)

Although there is little evidence for a reduction in income inequality, the average income 

has increased over recent decades Health and welfare have improved in Britain. The 

diminishing height inequality has occurred during a period of socio-demographic change, 

such as the reduction in family size, increase in income and home ownership, and improved 

healthcare and access to higher education, which could partly account for the narrowing 

The National Study of Health and Growth (NSHG), measuring height in 5-11 year old 

children in 1972, 1979, and 1986, also provided supporting evidence on diminishing social 

class differences in height, as a result of improvements in the mean height of children from 

unskilled manual classes In our study, the reduction in the number of children living in 

extreme disadvantageous conditions in manual classes might have resulted in reducing 

inequalities in height

We would expect a weaker relationship between social class of origin and height in G3, as 

the social class of origin for G2 would not necessarily capture the current socio-economic 

circumstances of the offspring. The intergenerational relationship of social class and height 

would also be expected to get weaker in successive generations. However, analyses of 

current socio-economic measures (social class and education level of G2 at age 33) 

revealed a similar weakening relationship over time.
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6.5 Conclusions

The impact of social class on height of cohort members was established in early childhood 

and was stronger in childhood than in adulthood due to the catch-up growth. The effect of 

social class of origin on height observed among the 1958 birth cohort has weakened 

substantially in the offspring generation and was further confirmed by alternative socio

economic measures and adult social position. The significant narrowing of class 

inequalities was associated with a greater height gain (relative to their parents) among 

offspring from manual social backgrounds, showing positive progress in the reduction of 

inequalities in a contemporary sample. As early childhood is a “critical period” for adult 

disease, the narrowing inequalities are likely to have an impact on health inequalities in the 

future population, although the causes of this reduced inequality require further 

clarification.
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Chapter 7

Discussion

It has been recognised that factors related to growth in early life may have a long-term 

impact on adult health. Birthweight and childhood growth have been commonly used as 

surrogate markers for prenatal and childhood environment. One important purpose of a life- 

course study is to understand when and how a particular exposure in early life acts on later 

health. As childhood growth reflects not only early exposures, but also the risk for future 

health, it is important to understand when an early exposure starts to act and when it is at its 

strongest, so that critical periods for the early exposure may be identified.

Associations between early life conditions and height at one age are well established. 

However, rate of growth also mirrors childhood environment. Growth rate from age 3 years 

to age 20 years was found to be inversely related to blood pressure and serum cholesterol in 

young adults, independent of birthweight To date, the evidence on early life influences 

on the full growth trajectory is sparse, possibly due to the limitation of data available. The 

the 1958 cohort with longitudinal data from birth to early adulthood and also information 

on the offspring is a unique sample to examine how early life conditions influence the 

whole picture of growth from early childhood through to final adult height, and whether 

these influences extend to the next generation. There have been few published data on the 

full growth trajectory in a large cohort and height measures of offspring. According to our 

knowledge, this is the first study to investigate contributions of a wide range of early
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environmental factors, including prenatal and early childhood factors, on growth 

trajectories in detail. Findings from this analysis will provide the evidence of “critical 

period” during early growth period, which is sensitive to early exposures.

In addition, this is also the first study to explore how early life influences on height have 

changed across two generations. The findings from a younger generation will enable us to 

identify factors that remain to be important to growth in height and possibly, to later health.

Before reviewing the main findings of the study, we first discuss the major methodological 

considerations for our study, in particular, those relating to the strengths and weaknesses of 

the data, measures, and the statistical approach.

7.1 Methodological considerations

Life-course studies are both theoretically and conceptually complex. Even if the data are 

ideally suited to the purpose of the study, a life-course approach presents challenges in 

terms of hypothesis development and methodology. Inevitably, both data structure and 

limitations require statistical methods that are suited to the research questions posed and are 

also practical in view of data available. For example, in a study of growth trajectories in the 

1958 cohort, height measures would ideally have been taken at more frequent and regular 

intervals. Additionally, the comparison between two generations would also have included 

all children of the cohort, rather than only those bom to cohort members up to a certain age 

(33y). However, in practice, complete data coverage is difficult to achieve due to the cost
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and time involved. Thus the statistical approaches chosen to test life-course hypotheses 

should be able to accommodate the data structure and limitations.

Loss in follow-ups is another issue which may lead to problems regarding validity of the 

inferences drawn from the analysis. Testing for the missing patterns and choosing a 

statistical approach that can be used even with incomplete data are essential.

7.1.1 Statistical methods

Life-course studies are often interested in longitudinal relationships of early exposures and 

later health outcomes and have repeated measures from each individual. They sometimes 

also involve multi-generation studies. One of our study objectives was to explore statistical 

models that can be applied to make inferences from longitudinal and multi-generational 

data of the 1958 cohort. In particular, to explore how influences of early conditions on 

growth vary from childhood to adulthood in one generation and whether these influences 

persist to their offspring.

The most common approaches for analysing repeated growth measures include growth 

models and multivariate response models where the correlations of the repeated height 

measures within each individual are incorporated in the analyses. As discussed in Chapter 3 

(§3.3.1), growth models which can provide estimates for growth curves in different groups 

are suitable when there are a sufficient number of observations for each individual, or when 

the intervals between successive measures are reasonably small. However, fitting a growth 

curve becomes impractical when observations are sparse, i.e. at ages 7,11, 16, and 33 

years. As a result, the growth trajectory or the effect of an early life factor on the trajectory
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cannot be modelled smoothly, or with a complex function. Therefore, multivariate response 

models were adopted here to explore the impact of early life circumstances on height 

growth at different stages and final adult height simultaneously. Even though a multivariate 

response model assumes the time of each measurement to be a fixed occasion and the 

length of time between any two measurements is not accounted for, it has unique 

advantages to compare the strength of an effect on height at different ages directly as well 

as to test for the time trend of the effect.

Similar to growth models, a multivariate response model also has the flexibility for 

studying changes and comparing trajectories in the presence of incomplete data on response 

variables. It is therefore possible to include subjects with one height measure (or more) in 

the analysis. The estimates from the multivariate response model should be efficient as the 

assumptions that the response variable is missing at random (MAR) and the missing 

patterns do not affect the relationships under investigation are valid in the data.

For the comparison of early life influences on childhood height in two generations of the 

cohort, the analysis was complicated by the fact that the two generations were not 

independent. We adopted a single two-level model, which incorporates the data structure, 

that is, the correlation between cohort members and the offspring from the same family and 

the offspring (03) from the same family. The model assumes that cohort members and the 

offspring are at the same level (level-1) and clustered in the higher-level units (families) so 

that the difference in an effect between two generations can be tested.
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7.1.2 Strengths and limitations of the data

This study is based on a large population sample over three decades, with relevant data 

across three generations. Such data have major strengths for exploring life-course 

relationships in each generation and how these relationships change across two generations.

Generalising our findings from the cohort to current adults in Britain requires that the 

sample is representative of the population. While members of the original 1958 cohort were 

predominantly white, the present British population of 45-year-olds includes a diversity of 

ethnic groups. Although immigrants bom in the study week were added to the sample in 

childhood, there has been a great increase in immigration in recent decades. Ethnic 

minorities are likely to be under-represented in the 1958 cohort. However, the sample 

surveyed in 1991 is similar to the national population with respect to key socio-economic 

characteristics Thus, inferences drawn from the cohort should still be relevant to the 

current adult population in Britain.

We would expect that life-course relationships will vary between individuals bom at 

different times or in different places because of the variation in early nutrition and 

environment. Height of the 1958 cohort was a measure of early life conditions over three 

decades ago. Thus cohort members would have experienced more socio-economic 

adversity in childhood compared to current British children. It is therefore not clear whether 

life-course relationships found in the cohort generation would still apply to the next 

generation. However, the recognition of changes in the impact of early life conditions on 

height over time is important within life-course epidemiology. Factors that are associated 

with childhood growth in a younger generation are likely to be still associated with risks for 

adult disease in future population. Even though the impact of some early life factors on
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height found in the cohort was weakened in their offspring, the offspring findings are useful 

for determining (1) whether height is still a mirror of conditions in society in the younger 

generation, and (2) the extent of current height inequalities in children in Britain.

Therefore, results from the offspring generation are relevant to current height inequalities 

and also possibly to future inequalities in adult health, whereas the findings reported for the 

older generation are still important for understanding how early life influences have 

affected growth, because these early growth patterns found in the cohort as well as their 

determinants are expected to be relevant to disease risks in this contemporary adult 

population.

Early life environment includes times during both fetal life and childhood. One important 

advantage of studying the 1958 cohort and their offspring is to identify the “critical 

periods” during fetal development as well early childhood, when the associations between 

early conditions and height are established. For example, the period during fetal 

development is “critical”; adverse fetal conditions are not only associated with being small 

at birth, but also have an impact on postnatal growth. Although children with growth 

deficits during fetal development normally catch up during infancy, early catch-up is 

sensitive to early nutrition and environment. Thus infancy is also crucial in relation to 

growth in height and adult health. Final adult height is set early in childhood and early life 

conditions seem to affect adult height to a greater extent than conditions in later life. Thus 

exposure in childhood may have a life-long impact on later health.

It is important to note that cross-generational comparisons should take into account the 

changing structure of society and height related social mobility Compared to their
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parent’s generation or children of their age in general, the offspring were bom to parents 

with a smaller age variation, whereas offspring themselves had a much larger age range, 

which may affect some relationships due to their stage of puberty. However, despite the 

under-representation of lone- and young-parent families and over-representation of first

born children, the offspring sample was comparable with children of their age in the 

general population with respect major characteristics such as birthweight, height, and social 

class. Thus, influences on height of the offspring should still be relevant to children of their 

age in Britain.

One disadvantage of the data for the cohort is that height measures on individuals are 

widely spaced and it is therefore impossible to identify any changes of the early life 

influences on growth occurring between two measurements. For example, if the influence 

of a specific factor on height reduced between two successive ages, it may not have reduced 

monotonically and may have increased at any stage during that period. Events may be 

missing for vital points of a trajectory, for example, at the start of a growth spurt or the 

maximum growth velocity. In life-course analysis, it may be hard to identify critical periods 

for specific exposures, which are associated with events such as the growth spurt.

7.2 Main findings and comparison with other studies

7.2.1 Main findings

Six main findings are identified from this study. First, within the cohort, early life factors 

including maternal smoking, family size, household crowding, social class, and parental
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divorce were associated with height at all ages, with the associations being stronger in 

childhood than in adulthood. Second, among these factors, family size, household crowding 

and social class were also associated with age of maturation. Third, in both generations 

parental height was most strongly associated with offspring height among all factors. Its 

impact persisted throughout childhood, and was stronger by adulthood. Fourth, while the 

impact of parental height and birthweight on offspring height remained strong, many early 

life factors, such as breastfeeding, maternal smoking during pregnancy, maternal age at 

childbirth, number of younger siblings, social class, household crowding, and maternal 

education were no longer significant in the next generation. The only factors that were 

consistently associated with height in both generations were birth order and housing tenure. 

Fifth, there was an increase of 1 cm in childhood height between the two generations, while 

no increase was found in birthweight. This increase in postnatal growth was due to a greater 

height gain in manual social groups compared to non-manual classes. Finally, the social 

class difference in height observed in cohort members was reduced and no longer 

significant among their offspring, showing a narrowing in inequalities in height.

Whist the influence of all the factors investigated on height have already been established 

in early childhood, their impact on subsequent growth trajectory differs by age depending 

on how they affect the tempo of growth. Thus some factors were associated with delayed 

growth, whereas the impact of other factors remained constant throughout the life-course.

With the improvement of socio-economic conditions in recent decades we would expect 

that the impact of many early environmental influences on height to have reduced, while 

the effect of biological influences would remain. For example, factors influencing or 

indicating fetal development, such as maternal smoking, parity, and birthweight are thought
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to be biological and therefore their influence on postnatal growth should persist to the 

recent generation.

In this study, we were able to show how biological and environmental influences during 

fetal and childhood development change through the life-course from a generation bom in 

the 1950s to a recent generation of children in Britain.

7.2.2 Fetal environment

A large literature has shown a strong positive association between birthweight and height in 

childhood and adulthood Even though we have found a correlation of 0.18

between birthweight and parental height in the cohort, birthweight is still an important 

predictor of final height with respect to target height. This is supported by a twins study, 

which shows that the twin who was heavier at birth was taller as an adult Our results 

from the 1958 cohort suggest that reduced intrauterine growth, indicated as small for 

gestational age, has a long-term effect on growth, as shown in other studies 

Although infants with low birthweight may experience catch-up growth during the first two 

years, they are more likely to remain shorter throughout childhood. We would expect that 

the influence of birthweight on height was weakened with increasing age due to catch-up 

growth, but surprisingly, the effect of birthweight was stronger on adult height than on 

childhood height, which was due to a genetic influence rather than the socio-environmental 

components of birthweight.

An impact of maternal smoking on postnatal growth was found in the 1958 cohort, 

independent of birthweight, suggesting the possibility of postnatal growth inhibition caused
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by tobacco exposure in utero It has been suggested in other studies that deficits in height 

due to maternal smoking persist even to adulthood But in our study there was no 

evidence of a direct causal effect of maternal smoking on final adult height. Our results also 

showed a faster growth rate and a longer growth period among children of smoker mothers 

(though non-significant) as suggested by others The mechanisms that regulate postnatal 

catch-up growth are not clear. It is likely that postnatal growth rates are influenced by 

maternal uterine factors. Results from the cohort suggest that tobacco exposure in utero is 

not only due to the social environment. Thus we might expect that an impact of maternal 

smoking on childhood growth is biological and as such, it should still apply to the younger 

generation. But we found that the reduction in childhood height did not persist to the 

offspring generation. This suggests that offspring had complete catch-up in the first few 

years of life due to the improved nutrition and social environment. Similar findings have 

been reported in a recent British birth cohort (ALSPAC cohort), in which children of 

smoker mothers had complete catch-up growth in height over the first two years

Birth order is known to be associated with both birthweight and height . The direction 

of the association between birth order and growth has reversed after birth; first-born 

children were lighter and shorter at birth, but they show dramatic catch-up growth in height 

that over-compensate their impaired fetal growth and over take their counterparts to 

become tall in stature as suggested by others Our results show that the impact of birth 

order on postnatal growth remained strong, even when genetic potential and socio

economic background were considered. Thus, same as birthweight, birth order may be 

reflecting a biological rather than an environmental influence on height.
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Children with fetal growth retardation would experience catch-up growth during early 

childhood. Postnatal growth rates seem to be strongly influenced by a drive to compensate 

for the adverse fetal environment. Evidence has shown that catch-up growth is predicted by 

low leptin levels at birth, which is associated with maternal smoking and low birthweight 

252,253 L Q ^ g j .  levels of leptin may lead to the increased appetite which results in the greater 

postnatal growth rate among children with restrained fetal growth ^hus restriction

in utero can be compensated by early nutrition. We have shown that the influence of birth 

order on height is explained by family size. Thus first-born children who over took their 

counterparts in height were likely to have the better conditions in early life, as they are 

more likely to come from small families. Similarly, the improved nutrition during infancy 

might have explained the weakened relationship in the offspring.

Adverse fetal environment does not necessarily lead to short adult stature due to catch-up 

growth at a later stage, insults during fetal development or delay in growth due to the 

insults may have life-long health consequences. For example, perinatal growth failure has 

been associated with increased risk for obesity, insulin resistance, and cardiovascular 

disease in adulthood Maternal smoking during pregnancy is also linked to increased 

susceptibility to respiratory diseases, behavioural disorder, deficits in bone mineral density, 

and obesity Therefore, intrauterine environment is crucial not only for growth in 

height, but also for adult health.
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7.2.3 Early childhood environment

We would expect that the influence of early environment (1) to be greater on childhood 

height than adult height due to catch-up growth, and (2) to be weaker in the next generation 

due to the improvement of socio-economic conditions in Britain.

It has been reported that breastfeeding in the early 1920s-1940s in Britain had a significant 

positive impact on growth in height, which persisted to adulthood This implicates early 

nutrition as an important influence on growth. However, good quality alternatives to 

breastfeeding are now widely available in UK and in many other countries. As we would 

have expected, we found no association between breastfeeding and childhood height in the 

1958 cohort and in the offspring after taking into account of other early life factors, 

suggesting that it is early nutrition, rather than breast milk that is important to early growth 

in height. In a British cohort bom in 1991-1992 (ALSPAC cohort), breastfed children even 

had a slower length gain than bottle-fed children during infancy, suggesting that bottle-fed 

babies might have higher total energy and protein intake than breastfed babies

In contrast to parental height and birthweight, factors representing early life environment 

including family size, crowding, and social class, had a stronger impact on childhood than 

adult height in our study as suggested by others with children from large families, 

overcrowded conditions, and manual social class showing catch-up throughout the growth 

period. Our findings highlighted the importance of the early growth period, as childhood 

height is more sensitive to early environment than final adult height. This catch-up growth 

is due to the fact that early life conditions influence height partly through their influence on 

the tempo of growth Although children with growth deficits due to unfavourable early 

conditions may catch up, if not fully, at least partially, it remains uncertain whether delay in
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growth will have an impact on later health. It has been suggested that poor growth in 

childhood resulting from adversity in early life may underlie the relationship between 

adverse early exposure and cardiovascular diseases and respiratory diseases 

Impaired postnatal growth has been found to be associated with increased blood pressure, 

cardiovascular disease, and poor cognitive function There is a large literature showing 

a strong link between adult stature and mortality and morbidity (Table A l.l), it may be that 

delay in growth as well as failure to catch up are associated with increased risk for later 

diseases. However, it remains to be seen whether delayed growth with catch-up at a later 

stage has a life-long health impact.

Child health and nutrition, and material circumstances of childhood have improved 

dramatically over recent decades. This is reflected in the continuing secular increase in 

height found between the cohort and the offspring (1 cm). A decline in social class 

variation in height has been seen in Britain. The social class differences in childhood height 

were greatly reduced between successive cohorts (1946, 1958, and 1970 cohorts) due to a 

greater increase by children in the lowest social classes Our finding of the decline in the 

importance of early life factors in offspring provided further evidence of the diminishing 

social inequalities in height. Given that height reflects childhood circumstances and risks 

for later health, the inequalities in height found in cohort members provide evidence for 

health inequalities in current British adult population. More importantly, the findings on the 

relationship between socio-environment and height among the offspring are valuable for 

the reason that they reflect not only the state of inequalities in the current society, but also 

inequalities in health in the future adult population in Britain.
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It is important to note that the weaker environmental effects in the younger generation may 

be partly due to reduced variation in environmental conditions in the offspring; the 

proportions of offspring living in overcrowded conditions, from large families or lower 

social classes were smaller than for cohort members. In a comparison of three British 

cohorts, average income, number of homeowners, and access to higher education have all 

been found to have improved over recent generations The improvement of the socio

economic conditions among the offspring of the 1958 cohort was likely to be the 

continuation of this trend.

Parental divorce was associated with short stature in childhood, independent of socio

economic conditions in boys, suggesting the possibility of an effect of stress, rather than the 

hardship due to the divorce. No association was found between parental divorce and height 

in the offspring, possibly due to the different stages of growth, as the duration was found to 

be important. In both generations, children whose parents separated between 4-7 years were 

significantly shorter at age 7 years than the others even after adjusting for early life factors. 

Whether the delay of growth due to stress will have a life-long impact on health is not clear. 

However, it has been suggested that stress in childhood is associated with depression, 

anxiety, and personality disorder, which are all thought to increase the risk of 

cardiovascular disease, stroke, and chronic lung diseases

In sununary, childhood height is sensitive to environment, while adult height is more 

genetically influenced. The relationship between parental height and height of children has 

strengthened and in the meantime the proportion of total variation in height contributable to 

early circumstances has diminished in the next generation. Hereditability is likely to be 

higher in a generation with a higher standard of living because of the weaker effect of
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environmental factors. Even so, height of offspring is still a “mirror” of the society, which 

shows the improvement of social and material conditions in Britain.

7.3 Potential area for future development

Results from the current study suggest that childhood height is a better indicator for early 

circumstances than final adult height, while adult height fails to capture the full impact of 

early life circumstances. Thus studies of the effect of postnatal growth on adult health 

should use height in childhood, preferably, the full growth trajectory. With the collection of 

new information on cohort member at age 41, and most recently health outcomes at age 43 

years, the causal pathways effects of fetal development, childhood to adult growth 

trajectory, components of height (i.e. leg or trunk length), and exposures at all life stages 

(including previous generation, fetal, childhood and later life conditions), in relation to 

adult disease can be explored in detail, in particular to investigate whether delay in growth 

has a life-long health impact which may be modified by catch-up growth.

Another potential area for future development is to investigate height and BMI trajectories, 

and tempo of growth (age of menarche) simultaneously to explore their inter-relationships 

as well as their associations with early life exposures to enhance our knowledge of the 

causal pathways and underlying mechanism of adult disease.
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