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Introduction

In late nineteenth century England and Wales intransigently high levels of infant mortality combined with declining death rates for older ages brought infant mortality to the forefront of concern among the medical profession. After the turn of the century, the scandal of the poor physical condition of recruits for the Boer war, together with falling fertility rates, fostered fears of race deterioration and swept the problem of infant and child welfare into the national consciousness
. The problem of epidemic ‘summer’ diarrhoea received particular attention: fluctuations in conjunction with climatic conditions were all too obvious, and there were wide disparities between different towns and cities, prompting the belief that deaths from diarrhoea were inherently preventable.  It was seen to be a particular problem amongst artificially fed children, and related to dirt, contamination and poor sanitation and water supply
.  

Initial efforts to overcome the problem of epidemic diarrhoea concentrated on efforts to secure a clean milk supply through control over the milk supply and through the distribution of ‘certified’ milk to bottle fed infants.  However, such attempts to reduce diarrhoeal mortality were stymied by institutional intransigence on the part of rural milk producers
 and in any case had limited potential as levels of artificial feeding were fairly low in the general population. Standards of sanitation and water supply were gradually but unevenly improving as the massive task of laying sewers and mains water gained political imperative and financial resources at different times in different places during the late nineteenth and early twentieth centuries
. Improvements were inevitably later in coming to inner city slums and to rural districts, both poorly served and where local councillors may have had less political leverage or a different agenda. Consequently the infant mortality rate did not appear to respond directly to sanitary measures
.  The political and intellectual climate developed to favour the notion of individual responsibility and emphasised the importance of personal hygiene.  George McCleary, one of the architects of the infant and child welfare system wrote in retrospect: 

‘experience showed…that the measures that may be described as ‘sanitation’ formed but an inadequate safeguard against the diarrhoeal diseases.  Those measures were effective, no doubt, but insufficiently so. … Infant mortality, it became clear, was a matter not so much of environmental hygiene but of personal hygiene.  It was more a social problem than a problem of sanitation… The mother was evidently the factor of paramount importance.’
 

The focus of the infant and child welfare movement moved to maternal education, primarily through domiciliary visiting by health visitors. 

The quest for understanding the influences on infant mortality has continued to focus on epidemic diarrhoea, which without doubt produced wide annual fluctuations in infant survival. In 1988 Woods, Watterson and Woodward proposed the ‘urban-sanitary-diarrhoeal’ effect: a series of long hot summers in the 1890s interacted with poor sanitary conditions in large towns, providing ideal conditions for the spread of diarrhoeal disease.  The resulting hike in diarrhoeal mortality delayed the onset of the national decline in infant mortality rates and disguised decreases in non-diarrhoeal infant mortality in some areas from as early as the late 1880s
. Williams and Galley went further to suggest that the concentration on large urban centres eclipsed the experience of rural areas which underwent declines in infant mortality throughout the second half of the nineteenth century
. The main rival to the sanitary environment for the major influence on infant mortality is nutrition and living standards, the evidence for which comes from differentials in infant mortality according to social class
. However the conflicting roles of class and environment have been reconciled by demonstrating that class differentials to a large extent are produced by the social segregation of different classes
. The poorer classes live in the environmentally more dangerous areas and this ‘boosts’ their observed mortality.  Environment has been shown to be more important than social class and the concentration on diarrhoea has automatically suggested sanitation as the dominant factor, sometimes mediated through the artificial feeding of infants which increased exposure and decreased resistance to pathogens.  Diarrhoea undoubtedly formed a large component of infant mortality in late nineteenth century in England and Wales and its decline contributed to the eventual decrease in the infant mortality rate (IMR) in the early twentieth century. 
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Figure 1: Infant mortality rates, England and Wales, 1881-1920
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Figure 1 shows the trend in IMR between 1881 and 1920, and also in certain broad causal groups.  Diarrhoea and enteritis showed significant decline from the turn of the century, but had increased in the 1890s. Non-diarrhoeal causes showed sustained decline from earlier periods and deserve more detailed examination than they are often given. Even in the last major epidemic of summer diarrhoea in 1911, 72 per cent of infant deaths were due to non-diarrhoeal causes, and 88 per cent were due to non-diarrhoeal causes during the following ten years. The significance of the declines in scarlet fever and smallpox has been recognised for early childhood mortality
, but the dominance of diarrhoeal trends on infant mortality and the problems of reliable diagnoses of causes of death in infancy
 have led to the neglect of other causes of infant death which may also have been strongly affected by the environment (and may also have been mediated by breast feeding), which were critical in determining differentials and driving change.  This paper uses a data source for a place (rural and small town Derbyshire) and era (1917-1922) when diarrhoea was already in decline.  It aims to identify some of the other causes of death in the post neonatal period and compare the influences on them, with particular reference to breast-feeding as an intermediary factor
.  

2. The data

In the early years of the twentieth century the attack on infant mortality moved away from milk and sanitation to maternal education. The domiciliary visiting of infants and their mothers by professional health visitors to provide education and advice soon assumed centre stage and left as its legacy some valuable data with which it is possible to examine infant health and survival
. In 1915 the Notification of Births (extension) Act enforced compulsory notification of all births to the local Medical Officer of Health within thirty-six hours and registers of notified births were drawn up. Health visitors employed by local authorities used these registers to visit up to 100 per cent of the births and in some counties also to record information regarding the infants’ circumstances and development. Such registers survive for rural and small town Derbyshire for 1917-1922, where many infants were visited until the age of five and a considerable amount of information was recorded
. 

30,488 births were recorded for rural and small town Derbyshire between January 1917 and December 1922, of which 951 were stillborn, 905 died in the first month, and 3,889 were lost to follow up in the first month.  The 24,743 infants in observation at one month have been used to analyse post neonatal mortality.

Data coverage is very good: comparison with published numbers of registered births for the corresponding districts suggest that all registered births were also notified. A sizeable number of infants were ‘lost to follow up’, either through an inability to trace the original notification, through the family moving away, through a perceived need not to visit, or cessation of visiting.  However life table measures of mortality, which take account of such censoring and enable the partial information for infants ‘lost to follow up’ to be used, produce an infant mortality rate (IMR) of 69 per thousand, which is not significantly different to the IMR of 71 per thousand derived from vital registration for the districts covered by the data. The rural and provincial nature of the data set means that the IMR in the area was around fifteen per cent lower than the national rate for the corresponding years.

The health visitors’ ledgers record much information about the infants, from date of birth, sex, legitimacy, and parity to father’s occupation, mother’s occupation and the number of bedrooms and sitting rooms in the house.  The ledgers also recorded the number of previous births, child deaths and stillbirths to the mother, and the type of feeding at visits within the first year. Dates and causes of death were given for those who died.  The information from the ledgers is supplemented with district level information about whether water supply was good, satisfactory or poor, whether scavenging (the removal of waste from ash and pail closets) was good, satisfactory or poor, population density (persons per acre) and crowding (persons per house) and whether the district was a mining district or not
.  

Five social class groupings were derived from the father’s occupation
. The numbers of previous births and deaths are used to measure previous maternity history and assess the extent of clustering of deaths within individual women. The feeding information is rare for this era and detailed, but not easy to use to its full advantage.  It therefore deserves a little more discussion. Breast feeding was known in the early twentieth century to be connected to better survival, and substitutes to be poorly suited to infants’ immature digestive system and easily open to contamination
. More recently discovered immunological properties of mothers milk have provided additional explanation for the better survival of breast fed babies.  Health visitors in Derbyshire collected information about the feeding method of infants at every visit during the first year, in particular whether each child was breast fed, artificially fed or both breast and artificially fed at each visit. The current analyses distinguish between those for whom artificial feeding was known to have been established by a particular age, usually one month, and others. This is obviously not an ideal measure, as those infants whose feeding method changed shortly after one month are treated as identical to those who were breast fed for the best part of a year.  This treatment is therefore likely to lead to an underestimate of the correlation between artificial feeding and infant mortality, but it is used as it measures a specifiable characteristic: being artificially fed by a particular age.  It is less subject to bias than the alternative formulations, such as assuming the last feeding observation did not change until death, which may be a wild assumption to make in the case of large gaps between the observation and death
.
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It is interesting to take a quick diversion to examine patterns of feeding as revealed by the data. Contemporary advice in this period was to give the baby exclusive breastfeeding for six to nine months, and leaflets distributed by health visitors show that health professionals in Derbyshire were no exception
. Figure 2, which shows the percentages of children in each feeding category, using only those for whom information is known at the relevant age, demonstrates that although many women did follow this advice, a substantial proportion breastfed for shorter or longer durations
.  Although over 90 per cent of mothers for whom feeding information is recorded started to breastfeed, many gave up fairly quickly
.  By six months one third of the children were no longer breastfeeding exclusively.  The proportion of children breastfeeding decreased as children grew older and began weaning, and the gradient of the lines is steepest between the eighth and tenth months, indicating that this was the prime period for weaning among children who were not yet weaned by this stage.  By the end of the tenth month, only 30 per cent of children were receiving any breast-milk and 70 per cent were fully weaned.  

3. Method

The risks of dying are examined using hazards analysis which models the risk of death as a function of age. In the following analyses explanatory variables were added sequentially and at each stage the variable next considered for inclusion was tested for significance and proportionality by the examination of Arjas plots
. Continuous variables were tested for linearity. The following tables show odds ratios, which can be thought of as the increase in the odds of dying consequent on a unit increase in the category. For categorical variables, therefore, this amounts to the increase in the risk of dying through being in a particular category relative to the baseline category, which can be identified by an odds ratio of 1. The odds ratio for continuous variables, which are always numeric, is the effect on the risk of mortality of increasing the value of the variable by a unit of one. Many variables were considered for inclusion and tested at various stages, but the following models show only the variables which retained significance after repeated testing.

Table 1: Hazards modelling of post neonatal mortality


univariate
main effects
main effects plus interactions

number of deaths


670

670


degrees freedom


9

10


chi-square


148
***
152
***

twins
singleton

twin/triplet
1.000

3.470
***
1.000

3.099
***
1.000

3.158
***

sex
female

male
1.000

1.246
***
1.000

1.259
***
1.000

1.260
***

legitimacy
legitimate

illegitimate
1.000

2.231
***
1.000

2.482
***
1.000

2.459
***

parity

1.084
***
1.081
***
1.022


feeding
artificially fed at 1 month

other
1.694

1.000
***
1.565

1.000
***
1.564

1.000
***

densitya

1.025
*
1.043
***
1.043
***

mining
non-mining district

mining district
1.000

1.383
***
1.000

1.822
***
1.000

1.426
*

interaction
parity AND mining




1.070
**

rooms
1-3

4+
1.114

1.000

1.254

1.000
**
1.247

1.000
**

high ground
high ground

low ground
0.892

1.000

1.621

1.000
***
1.610

1.000
***

urban
rural

urban
1.000

1.162
*





social class
1 & 2

3

4

5

not known
1.000

1.368

1.427

1.475

1.825
**

**

**

**





privies
>50% of houses

<=50% of houses
0.926

1.000






water
good

other

poor
1.583

1.000

1.229
**





scavanging
good

other

poor
0.852

1.000

0.722
***





crowding
<4.5 persons per house

>4.5 persons per house
1.000

1.264
***





athe value of density varies from 0.05 (Sudbury RD) to 10.04 (Long Eaton UD)
Seasons of birth (May to Oct and Nov to April) are treated as strata

***  significant at 1% level

**   significant at 5% level

*    significant at 10% level

Source: Derbyshire health visitor data

4: Basic hazards modelling of post neonatal mortality

The univariate effect of each variable, the main effects model, and the main effects model with interactions are shown in Table 1. Previous research on this data set demonstrated that twins were at a particularly high risk of being stillborn or dying in the first month after birth
.  Table 1 shows that with an odds ratio of three and a half, although the effect of multiple birth was smaller than in the neonatal period, it was still substantial in comparison to the other variables, showing a similar pattern to that found in England and Wales in earlier centuries
. 

Boys were 25 per cent more likely to have died than were girls and illegitimate children were over twice as likely as legitimate children to have died. Increasing parity was linearly associated with mortality, with an increased mortality risk of over eight per cent for each additional parity.  Analysis of this dataset presented elsewhere shows that the classic J-shaped pattern of risk with parity emerges for neonatal mortality
, but the current analysis shows that the excess mortality for first born infants did not continue after the first month after birth
. 

Babies who were already being artificially fed at one month old were nearly 70 per cent more likely to have died post neonatally than those who were not recorded as having been hand fed from an early age
. This is reduced a little in the full model, suggesting that some proportion of the effect of artificial feeding was connected to other variables, most probably illegitimacy. Examination of the patterns of feeding for different groups of children shows that twins and illegitimate children were less likely to have been breast-fed
, and the decrease in the coefficient for feeding in the main effects model shows that the disadvantage of early hand feeding was partially attributable to the fact that children who were already vulnerable, the products of multiple births or un-wed mothers, were more likely to have been hand fed at an early age.  Similarly, some of the disadvantage associated with being in both these groups was because they were artificially fed. A modest reduction in the odds ratio in the stepwise model (not shown) for illegitimates on the inclusion of the feeding variable signifies the extent to which the elevated mortality of such children was due to their feeding method.  However it was only a little reduced, which indicates that higher illegitimate mortality cannot be entirely or even largely attributed to maternal neglect or the need to go out to work, factors which might be connected to hand feeding among single women.  It may be, however, that the illegitimate children who were in observation in the registers through the post neonatal period were selected for mothers who were more stable and less inclined to abandon or neglect their children
. 

Socio-economic variables exhibited the expected relationship with post neonatal mortality. House sizes varied by district, mining districts with higher mortality having slightly larger houses
, so although the number of rooms in the house was not significant on its own, controlling for other variables revealed an inverse relationship between house size (rooms) and mortality. The number of rooms in the house was included in the model as a dichotomous variable, distinguishing between 1-3 and 4+ rooms, as a break with linearity occurred at that point. The former was associated with approximately 25 per cent higher post neonatal mortality once other variables were controlled.

There was a neat and significant social class gradient when class was examined on its own, but this was better explained by other factors also linked to class, as the relationship disappeared in the full model. The lack of a result for social class in the multivariate models supports the hypothesis that social class differences were primarily the product of the spatial distribution of classes over environments
.   

Most of the environmental variables were also significant and in the expected direction with infants residing in urban districts, mining districts, denser and more crowded districts suffering from higher mortality and a combination of density and mining fully capturing the urban/rural and crowding aspects of the environment. Density proved to have a nicely linear effect on the relative hazard and so could be included as a continuous variable.   Each additional person per acre was associated with a 4.3 per cent higher hazard (leading to a risk increased by a maximum of 43 per cent for the most densely populated districts in comparison to the least).  Controlling for this, living in a mining district was associated with a 82 per cent higher risk of mortality than living in a non-mining area.  There was a significant interaction between parity and mining however which suggested that a large portion of the disadvantage of mining districts was confined to the higher parity children living there.

Better water supplies and scavenging services in urban areas mean that these measures both exhibited counter-intuitive univariate relationships with mortality, with good water supplies associated with higher risks of death and poor scavenging linked to lower risks.  Once other variables were controlled, both scavenging and water assumed U-shaped effects (with a little significance) when included in the stepwise model (not shown). It is difficult to provide a rationale for such environmental effects and it is much more plausible that these variables were capturing some independent variation associated with the environment or geography.  To examine this the mean and standard deviation of the residuals were mapped
, and this revealed a rough division between the hilly areas in the North of the county (which had higher means and smaller standard deviations) and the low lying South (with lower means and higher standard deviations).  A new variable to distinguish the high places from the low was therefore tested and included in the model with the effect that infants living in places of higher altitude had a 62 per cent increased risk of post neonatal mortality as compared to those dwelling in lower lying areas.  When no other variables were included, this variable had the opposite (although insignificant) relationship with post neonatal mortality.  In other words, the hilly areas actually exhibited slightly lower mortality, but once the effect of mining and denser settlements in parts of the South were taken into account, the peaks of the North were revealed to have been more dangerous to infant health than the fields of the South.

The seasonality of birth was repeatedly tested and at every stage it emerged as non-proportional.  The models are therefore stratified by season of birth, a procedure which has very little effect on the values of the odds ratios for the other variables in the model.  Figure 3 shows the survival functions for each strata. The different patterns between the two groups may be due to the differing impact of summer and winter diseases on children of different ages.  For example the sudden steepening of the line for children born between May and September occurs between the third and seventh months which, for children born on average in July, would mean the late autumn or winter, and is more likely to reflect respiratory and infectious diseases than diarrhoea. The impact of different causes of death on children born in different seasons is further examined later.
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The largest odds ratios in the models above are associated with twins
.  There are obviously many factors associated with twin vulnerability, those such as competition within the womb and the lower birth weight of twins.  Prenatal factors such as these are likely to have had their greatest effect on mortality in the first month after birth and although they may still have affected survival at older ages, additional factors will have come in to play as infants grew. It has been noted above that twins were less likely to have been breast fed, and that this may explain part of their higher mortality risk.  Twins may have competed in other ways for scarce parental attention and resources and they may have infected each other with diseases. These factors were not exclusively associated with multiple births but may have been exacerbated among twins and triplets, and there were other influences which may have raised the risk of death to all children within a family irrespective of the number of children in the household.  For example, the common experience of household facilities such as sanitation and water supply, genetic factors inherited from parents which affected inherent survival chances or ‘frailty’, the legacy of a mother due to her long term nutritional status, differences in health related knowledge and attitudes towards disease prevention and care.  Das Gupta has also argued that there is a further ‘parental competence’ factor, over and above the external environment and education
. Analysis of the extent to which these factors induce higher levels of neonatal mortality and stillbirth for some women, reported elsewhere, showed a powerful effect for maternal and prenatal influences on neonatal mortality and particularly stillbirths
. The next section examines the clustering of deaths among individual women for post neonatal and child mortality. 

5. Maternity history

The number of births, previous deaths, previous stillbirths and miscarriages to the mother, all recorded in the Derbyshire health visitor ledgers, can be used to examine the clustering of infant deaths within particular women.  In this analysis the measure used is the number of previous deaths per birth, referred to as maternity history
.  It is calculated for each woman who had at least one previous child (i.e. was parity two or over), and separate analyses showing these are given in Table 2.  Most of the differences between the models containing maternity history and the models in Table 1 are the result of excluding first births, and main effects models for parity one and parities two and over without maternity history are shown in the first two columns of Table 2 for comparison. 

Table 2: Hazards modelling of post neonatal mortality: addition of maternity history variable


parity 1: main effects
parities 2 and over



main effects
main effects and interactions
with maternity history





main effects
main effects and interactions

no of deaths
147

519

519

519

519


degrees freedom
8

9

10

10

12


chi-square
21

122
***
125
***
143
***
150
***

twins
singleton

twin/triplet
1.000

2.425

1.000

3.132
**
1.000

3.185
***
1.000

3.196
***
1.000

3.262
***

sex
female

male
1.000

1.038

1.000

1.324
***
1.000

1.324
***
1.000

1.323
***
1.000

1.322
***

legitimacy
legitimate

illegitimate
1.000

2.158
***
1.000

3.587
***
1.000

3.558
***
1.000

3.518
***
1.000

3.550
***

parity



1.072
***
1.014

1.054
***
0.992


feeding
artificially fed at 1 month

other
1.495

1.000
*
1.481

1.000
***
1.483

1.000
***
1.430

1.000
**
1.427

1.000
**

density

1.088
***
1.030
*
1.030
*
1.025

1.025


mining
non-mining district

mining district
1.000

1.535

1.000

2.036
***
1.000

1.497

1.000

1.967
***
1.000

1.413


interaction
parity AND mining district




1.069



1.075
*

rooms
1-3

4+
0.919

1.000

1.338

1.000
***
1.333

1.000
***
1.315

1.000
**
1.136

1.000


high ground
high ground

low ground
2.061

1.000
**
1.604

1.000
**
1.588

1.000
**
1.578

1.000
**
1.575

1.000
**

maternity history






3.609
***
2.719
***

interaction
maternity history AND 1-3 rooms







3.160
**

Notes: as Table 1.

Illegitimate infants of higher parity were at a much greater disadvantage than were first born illegitimates, echoing a similar finding for neonatal mortality
. 

Density of population was more important for first births than subsequent
, suggesting that a congested urban life with poor facilities had a larger toll on first borns than on others.  One explanation could be that a lack of proficiency among first-time mothers had more detrimental results amid the greater hazards unavoidable in towns.  Just as class and resources had a greater effect on mortality in more insalubrious environments, the trial and error practised by new mothers would have carried more penalties in an urban environment than in a more benign rural one
. In contrast mining areas were more dangerous for higher order children.

The number of rooms in the individual house was more important for post neonatal mortality among higher parities, suggesting that at an individual level socio-economic circumstances and particularly house size was only really a detriment to health when there were other children around to take up space and introduce germs and viruses
. 

Maternity history was found to have been very significant for neonatal mortality and the risk of stillbirth
, and although the odds ratio for post neonatal mortality at 3.6, or 2.7 when interactions are included, is a little smaller than for neonatal mortality it is still significant and large compared to odds ratios for other variables
. It has been suggested elsewhere that the importance of maternity history for neonatal mortality and especially the risk of stillbirth suggests that the familial component of infant mortality was primarily connected to endogenous causes which are likely to have been related to genetic factors or the mother’s health during pregnancy
.  The decrease in the odds ratios as children age confirms the primary role of endogenous causes.  However maternity history is still important for post neonatal mortality and although endogenous causes also cause deaths after the first month, the continued significance of maternity history could indicate that at least some of the effect was due to exogenous causes such as a shared domestic environment, competition for resources, or maternal care.

The multivariate hazards models described above show that the main influences on post neonatal were environmental.  This is hardly surprising given the mass of other evidence and analysis which has emphasised the importance of the physical and sanitary environment on the risk of death, particularly from diarrhoeal diseases. It would seem plausible that these environmental variables work primarily on the risk of gastro-intestinal disease. The arrangements of individual households in terms of sanitation and water supply will have affected the potential for cross contamination and the ability to keep clean, and are bound to have been important in relation to the risk of diarrhoea.  Privy middens were especially insanitary, particularly when shared by several families living in courts. The paving of back streets and yards affected the ability to keep the house free of dirt and excreta
. The proximity of public tips, providing an ideal breeding ground for flies, has also been shown to be a major factor in the incidence of diarrhoeal disease, and public scavenging, in dealing with the emptying of closets and the removal of night soil to tips, will also have been important
. These factors will have been mediated by others such as the type of feeding: infants fed by hand will have been more exposed to contamination of food supply and will have lacked the immunological protection afforded by the mother’s milk necessary to fight off gastro-intestinal infection. Unfortunately the environmental measures available for analysis with this data set are crude, and can only distinguish poorly between individual circumstances with different domestic facilities.  Measures of sanitation (the percentage of houses with a privy midden) and water supply are available only at a district level, hiding wide variety between different houses in each district so it is not surprising that neither of these is sensitive to the risk of individual mortality.  The only variables which might be expected to capture such effects at the individual level are social class and the number of rooms in the house, reflecting the fact that alternatively these variables could be capturing other facets of individual circumstances such as nutrition or access to medical facilities, and only the number of rooms is at all significant with regard to post neonatal mortality. In all, there is little direct support for the predominant influence of environment on diarrhoeal mortality rates in this data set.  The next section examines the influences on diarrhoeal mortality and other causes of death in more detail by performing analyses for separate cause of death categories. 

Table 3: Hazards modelling of post neonatal mortality: by cause of death


All causes
Bronchitis & pneumonia
Infectious diseases
Wasting diseases
Diarrhoea etc
Convulsions
Other causes

number of deaths
670

203

108

92

52

84

131


degrees freedom
10

10

12

11

10

10

10


chi-square
152
***
75
***
42
***
92
***
16

15

23
**

twins
singleton

twin/triplet
1.000

3.158
***
1.000

3.656
***
1.000

0.937

1.000

7.854
***
1.000

0.792

1.000

3.197
**
1.000

2.447
**

sex
female

male
1.000

1.260
***
1.000

1.583
***
1.000

1.000

1.000

1.254

1.000

1.300

1.000

1.105

1.000

1.170


legitimacy
legitimate

illegitimate
1.000

2.459
***
1.000

1.462

1.000

4.449
***
1.000

2.755
**
1.000

0.752

1.000

1.445

1.000

3.482
***

parity

1.022

1.085

1.134
**
0.994

0.967

1.019

0.840
*

feeding
artificially fed at 1      month

other
1.564

1.000
***
1.344

1.000

0.978

1.000

2.865

1.000
***
3.120

1.000
***
0.527

1.000

1.147

1.000


density

1.043
***
1.061
**
1.023

1.054

1.000

1.084
*
1.020


mining
non-mining district

mining district
1.000

1.426
*
1.000

3.481
***
1.000

1.477

1.000

0.537

1.000

1.920

1.000

1.328

0.797

1.000


interaction
parity AND mining district
1.070
**
1.011

0.957

1.192
**
1.068

1.046

1.256
**

rooms
1-3

4+
1.247

1.000
**
1.437

1.000
**
0.998

1.000

1.008

1.000

1.633

1.000

1.578

1.000
*
1.069

1.000


high ground
high ground

low ground
1.610

1.000
***
2.707

1.000
***
0.951

1.000

1.068

1.000

1.578

1.000

1.760

1.000

1.724

1.000


season of birth
May-September

October-April
STRATUM

STRATUM
STRATUM

STRATUM
1.448

1.000
*


0.729

1.000

STRATUM

STRATUM
STRATUM

STRATUM

influenza epidemic
born in 1918

born in other years




2.549

1.000
***
1.946

1.000
***







Notes: as Table 1.

6. Mortality by cause of death

Broad cause of death categories are used to create numerically robust groups and smooth over inconsistent reporting and fuzzy classification boundaries
. Respiratory diseases (bronchitis and pneumonia) form one group and other infectious diseases a second. The other categories are wasting diseases, diarrhoeal diseases, convulsions, and other causes. For the analyses by cause of death, for causes where season of birth has a significant and proportional effect, it is treated as an independent variable, otherwise its two values are treated as strata, as in the main model. A dummy variable identifying those born in 1918 to capture the effect of the 1918/1919 flu epidemic has also been included where significant. 

Table 3 shows hazards models of post neonatal mortality for each cause of death. It is obvious that although there were many significant risk factors associated with dying from bronchitis and pneumonia, environmental factors were substantially greater for this cause than for the model in general.  In particular living in a mining district (where the coal dust may have proved an irritant to the lungs) or in the more exposed up-land areas were most significant.  It is of special note that with respect to respiratory disease mortality, living in a mining area was detrimental for all children: it does not single out those of higher parity as found in the model for all causes of death combined. Boys were more likely to have died from bronchitis or pneumonia, a result which is consistent with the influence of testosterone in the womb. This leads to less developed lungs at birth, which increase male vulnerability to respiratory illness
. Artificial feeding has been found to be important with respect to the risk of getting respiratory disease
, and although the odds ratio for artificial feeding for this cause of death is not very significant, it does indicate an increased risk. 

Infectious disease appears to have had a greater likelihood of killing higher parity children in the post neonatal period and not only those in mining districts.  This probably reflects levels of household exposure and echoes other work which suggests that the severity of infectious disease is often greater if a sibling is the source of the infection as infection is then likely to happen at a younger age
.  Interestingly, illegitimate children were also much more likely to die from infectious disease in this age group and although it is not altogether clear why this should be, one possibility is that such children were looked after by other women with other children from whom they may have picked up a variety of infections.  Seasonality was also important, infectious diseases striking those born in the summer more severely, as they became exposed to such illnesses in their first winter. Children born in 1918 were much also more likely than those born in other years to have died post neonatally from infectious diseases, and this can be attributed to the influenza epidemic
. 

Wasting diseases had a greater impact on twins, illegitimate children, children of higher parities in mining districts and particularly children who had been artificially fed from an early age.  This suggests that such conditions could have been related to sibling competition, feeding and maternal depletion.  Mothers of twins and illegitimate children were more likely to have fed their children artificially, but even when very early artificial feeding is controlled for, as here, such children emerge as having been more likely die from wasting diseases.  Mothers with a dwindling milk supply might have switched to artificial feeding in an attempt to improve their babies’ diet and survival, but changing to artificial feeding did not necessarily put their infants in a better position. They were still more likely to have died than average, not only from wasting diseases (possibly caused by cow’s milk, formula milk, or patent foods with the wrong balance of nutrients for an infant digestive system) but also from diarrhoeal disease, and artificial feeding emerges as the only significant influence on the risk of death from diarrhoeal disease.

Convulsions and other causes do not add much to the analysis, but it is worth noting that there is no evidence for convulsions as a proxy for any particular alternative causes
. 

Table 4 shows post neonatal cause of death models for parities two and over, elucidating the range of underlying factors to which maternity history is likely to have been responding.  A mother’s previous experience of child death is shown to be of no significance in predicting mortality from infectious diseases. This is not surprising: although children in one family may all have succumbed to an infectious disease at the same time and this would not be identified here as being correlated to the death of the index child, as the correlation depends on the index child dying after the others.  

Table 4: Hazards modelling of post neonatal mortality: parities 2+, by cause of death


All causes
Bronchitis & pneumonia
Infectious diseases
Wasting diseases
Diarrhoea etc
Convulsions
Other causes

number of deaths
519

168

90

65

38

67

91


degrees freedom
11

11

13

12

12

11

11


chi-square
142
***
62
***
24
**
95
***
27
***
10

35
***

twins
singleton

twin/triplet
1.000

3.243
***
1.000

3.623
***
1.000

0.961

1.000

9.157
***
1.000

0.978

1.000

3.339
**
1.000

2.762
**

sex
female

male
1.000

1.323
***
1.000

1.568
***
1.000

1.081

1.000

1.390

1.000

1.439

1.000

1.248

1.000

1.160


legitimacy
legitimate

illegitimate
1.000

3.495
***
1.000

0.819

1.000

5.724
***
1.000

3.642
*
1.000

0.000

1.000

2.150

1.000

9.780
***

parity

0.997

1.060

1.094

1.046

0.933

0.948

0.743
**

feeding
artificially fed at 1 month

other
1.438

1.000
***
1.442

1.000

0.667

1.000

2.424

1.000
***
3.855

1.000
***
0.726

1.000

1.113

1.000


density

1.025

1.041

1.027

0.990

1.003

1.051

1.013


mining
non-mining district

mining district
1.000

1.443

1.000

4.281
***
1.000

1.981

1.000

0.515

1.000

1.919

1.000

0.942

1.000

0.414


**

interaction
parity AND mining district
1.071

0.993

0.945

1.142

1.066

1.107

1.428
**

rooms
1-3

4+
1.313

1.000
**
1.436

1.000
*
1.025

1.000

1.126

1.000

2.624

1.000
***
1.435

1.000

1.047

1.000


high ground
high ground

low ground
1.567

1.000
**
2.932

1.000
***
1.345

1.000

0.520

1.000

1.363

1.000

1.598

1.000

1.574

1.000


season of birth
May-September

October-April
STRATUM

STRATUM
STRATUM

STRATUM
1.592

1.000
**


0.686

1.000

STRATUM

STRATUM
STRATUM

STRATUM

influenza epidemic
born in 1918

born in other years




2.005

1.000
***
1.847

1.000
**







maternity history
3.188
***
2.795
**
1.733

13.852
***
7.609
**
1.026

2.928
*

Notes: as Table 1.

The proportion of previous deaths was only moderately significant with respect to bronchitis and pneumonia and ‘other causes’ but was of considerable importance for deaths from both diarrhoeal and wasting diseases.  The large odds ratio associated with mortality from wasting diseases could be taken as support for neonatal or perinatal influences as a cause of death clustering among families.  However wasting was also associated with improper feeding and child care and at least some of this factor could therefore be picking up family specific feeding regimes after the first month or other influences linked to the childcare practices of the mother.  This is supported by the importance of maternity history in identifying the risk of mortality from diarrhoeal disease. The fact that there is both evidence of a perinatal genetic/biological component and a post neonatal behavioural aspect to death clustering among women is not contradictory.  Work quoted by Morris and Heady shows that each component of infant mortality is subject to independent clustering: women who had already had stillbirths were particularly likely to have had further stillbirths, those who lost a child in the first four weeks of life were particularly likely to do so again, and the same was true of post neonatal mortality
.

The maternal influences on wasting and diarrhoea mortality highlight the complexity of interpreting these results.  On the one hand, feeding and hygiene practices could have varied according to mother, rendering some children more at risk of the consequences of artificial feeding – not only diarrhoeal disease but wasting diseases due to unsuitable food.  On the other hand, the larger relative importance of maternity history for wasting disease suggests that the children of some women may have been more prone to weakness and wasting and this may have led to a change in the feeding method. The extent of artificial feeding at one month was used in an attempt to exclude those infants, weakly from birth, who may have been artificially fed and whose inceased risk was primarily due to their constitution rather than their feeding method.  However there may have been weakly children whose feeding was changed after the end of the first month, and the next section examines the effects of feeding at different ages and the implications of the age at which feeding is measured. 

7. Further investigation of feeding patterns
Classification of feeding method by reference to just one point in time, one month old, is not a very good indicator of the risk of death over longer periods such as the whole of the rest of the first year.  It will lead to an underestimation of the effect of breast feeding since the ‘not artificially fed’ category will include many children who were hand fed earlier than average but after one month old.  It also ignores the waning of the effect of breast feeding as a child grows older and more robust.  In order to assess the varying effects artificial feeding had on the risk of death at different ages, feeding status (whether artificially fed or not) was measured at each month and the model run for the risk of death from each month to the end of the first year of life.  Thus, considering the chances of death between two and twelve months old, a comparison can be made between the relative risks of artificial feeding measured at one and two months.  With respect to mortality between three and twelve months, the risks of artificial feeding measured at one, two and three months can be compared.  Similar comparisons can be made for each successive month.  In addition, the different relative risks associated with being artificially fed at one month for dying between the end of each month and the end of the year can be compared.  

Table 5: Hazards modelling of post neonatal mortality: the effect of artificial feeding at different ages

Artificially fed by end of nth month
Relative risk associated with artificial feeding of dying between end of nth month and end of first year


1

2

3

4

5

6

7

8

9

10

no of deaths
670

529

449

389

327

274

233

185

129

88

1
1.564
***
1.232

1.267

1.289

1.161

1.156

1.217

1.296

1.096

0.945

2


1.669
***
1.614
***
1.568
***
1.468
***
1.303

1.381
*
1.465
**
1.231

1.162

3




1.509
***
1.454
***
1.294
*
1.183

1.224

1.354
*
1.171

1.003

4






1.529
***
1.319
**
1.201

1.288
*
1.465
**
1.241

1.004

5








1.333
**
1.236

1.300
*
1.482
**
1.312

1.056

6










1.140

1.215

1.379
**
1.145

0.945

7












1.425
**
1.553
***
1.248

1.140

8














1.542
***
1.257

1.151

9
















1.250

1.265

10


















1.110

Notes: as Table 1.

Table 5 shows the relative risks of mortality at different ages, each associated with feeding measured at a different month, for the full model which holds the effects of other factors constant.  Looking across each row, in general the effect appears to be larger the younger the age of child from which survival is measured, suggesting that the dangers of artificial feeding were greatest soon after the introduction of artificial food. Once the infant became accustomed to the food, the risks of death decreased and this decrease in risk indicates that a significant number of died shortly after a change of diet.  This effect particularly striking among children artificially fed from one month, with much gentler declines over time in the relative risks of artificial feeding at other months.  A death soon after the introduction of artificial feeding therefore appears to have been concentrated within those artificially fed within the first four weeks, confirming the suggestion that some babies were artificially fed due to weakness and suggesting that restricting the analysis to post neonatal mortality does not wholly eliminate these infants. 

This relationship between feeding and health arising from the early introduction of artificial feeding for children who have failed to thrive has been recognised in other published studies, and is often dealt with by ignoring the first month of life, looking only at post neonatal survival, as has been done here
.  For example, Forste compared mortality from 0 to 23 months with that between 1 and 23 months to show a strong breast-feeding bias associated with the first month of life
.  In her analysis she was able to distinguish between differing reasons for stopping lactation, demonstrating that stopping lactation due to illness of the child was much more likely to lead to death than was stopping lactation for other reasons.  She thereby suggested that illness was a primary factor in mortality and could result in an over-estimation of the lactation effect on mortality.   However she also showed that whereas stopping lactation due to illness was associated with a 4.7 times increase in the odds of dying whenever it occurred, the effect of stopping for other reasons varied considerably by age group.  Stopping at under six months was associated with an increase in the odds of dying of 1.9, but stopping later was progressively less detrimental.  Unfortunately there is too little data to distinguish between reasons for stopping breast-feeding in the Derbyshire health visitor data and what information there is does not appear to have been routinely recorded.  However the fact that there were very few cases where artificial feeding was attributed to the health of the child (11 out of 281 cases where a reason for weaning was given), but over two hundred which attributed it to the health of the mother, suggests that giving up breast-feeding on account of the health of the child was uncommon in Derbyshire in this era
.  If Forste’s conclusions are correct, therefore, the highest mortality penalties which might be attributed to artificial feeding were avoided.  It is also interesting that the odds ratio associated with artificial feeding at an early age from some cause other than ill-health of the child was similar for Forste’s late twentieth century Bolivia data and the early twentieth century Derbyshire material.

The risks of dying associated with artificial feeding appear to increase again for deaths from the seventh and particularly eighth months, before dropping away entirely thereafter.  Analysis of feeding patterns show that the eighth month was the most common time for weaning, and this may be connected to the increase in risk
.  Children artificially fed from an early age would have been recommended a milk substitute such as ‘humanised’ cows milk or some sort of formula
, and so would still have been subject to the general hazards of weaning when they began to eat solid foods and other substances.  It might be thought that their earlier exposure to ‘non breast milk’ would have lessened the shock of introducing different foods and provided them with some resistance to the hazards associated with solids, but the lack of the antibodies which would still be provided by breast milk for babies weaned straight from the breast (weaning naturally being a gradual process of supplementation and cutting down rather then sudden stopping) may, even at this older age, have put those being weaned from bottle to solids at a heightened disadvantage.

Perhaps the most striking feature of the table, however, is that the relative risks are higher for artificial feeding measured at the end of the second month than for artificial feeding measured at the end of the first month for mortality from each month (columns of Table 5).  The type of feeding measured at the end of the second month appears to be a much more sensitive predictor of the risk of death in the rest of the first year than the type of feeding from the end of the first or subsequent months.  It has already been pointed out that the apparent risks associated with being artificially fed at the end of the first month are likely to have been coloured by the inclusion of a high proportion of weakly infants who may have been hand reared precisely because they were weak (even though this was not mentioned in the records as a reason for weaning), whose death may be more correctly attributed to their initial weakness.  Children who were artificially fed at the end of the second and subsequent months include both the survivors of those who were artificially fed from a very young age, and those whose hand feeding started during the second month.  The latter group are more likely to have been hand fed due to some condition or whim of the mother, and less likely to have been selected for prior weakness.  In such children, it appears that the risks of artificial food could be associated with an increased risk of death at any age up until the normal age of weaning, and the effect is larger for feeding measured at two months than at any subsequent age.  Thus according to this method of measurement, artificial feeding at the end of the second month appears to be the most sensitive to health.  This is not to refute other sources which suggest even only a few weeks of breast feeding could increase survival chances
, as the children who were recorded as being artificially fed at the end of two months must have actually started hand feeding at some time during the previous two months.  In fact, only a quarter of children artificially fed from two months were known to have been ever breast fed, and nearly the same proportion were known to have been artificially fed from birth.  Half were being artificially fed at 23 days (when only 7 per cent were definitely still being breast fed), and three quarters hand fed at 45 days (compared with only 1 per cent known to have been still breast feeding). Unfortunately the lack of precision in the ages of weaning means that it is impossible to single out those weaned at a particular age.

Because feeding measured at the end of the second month appears to be a much more sensitive indicator of vulnerability than that measured at the end of the first month, the hazards models shown in Tables 3 and 4 have been re-calculated for mortality between the second and twelfth months, using feeding status at the end of the second month (i.e. at the start of the period of observation).  The results are shown in Tables 6 and 7.  For the all cause model, exclusion of the second month as well as the first decreases the risk associated with being a twin and increases the environmental disadvantages associated with living in a mining area, a denser settlement or the upland areas. However the general pattern of mortality risks is very similar.   More differences can be distinguished between the individual causes of death.  Among most causes the penalty associated with being a twin is decreased when the risk is measured at a slightly older age, but the risks dying from wasting diseases are elevated for twins, illegitimate children and children born in 1918.  Wasting diseases appear to have been increasingly rare throughout the first year (nearly half of the post neonatal deaths from this cause occurred in the first month at risk of post neonatal mortality, i.e. the second month of life), becoming more concentrated among these higher risk groups of children. The children born in the year of the ’flu epidemic might have been at added risk due to their mothers having caught the illness and either dying or being left with insufficient or poor quality breast milk. Alternatively the infants may have suffered from complications or weakness arising from catching the ’flu themselves.  

Table 6: Hazards modelling of mortality from month 2 to month 12: by cause of death


All causes
Bronchitis & pneumonia
Infectious diseases
Wasting diseases
Diarrhoea etc
Convulsions
Other causes

number of deaths
529

178

97

49

42

57

106


degrees freedom
10

9

12

11

11

10

10


chi-square
130
***
69
***
37
***
61
***
18
*
12

26
***

twins
singleton

twin/triplet
1.000

2.511
***
1.000

2.510
***
1.000

1.016

1.000

10.813
***
1.000

0.945

1.000

1.772

1.000

1.843


sex
female

male
1.000

1.285
***
1.000

1.448
**
1.000

0.943

1.000

1.304

1.000

1.392

1.000

1.507

1.000

1.244


legitimacy
legitimate

illegitimate
1.000

2.654
***
1.000

1.558

1.000

4.693
***
1.000

5.812
***
1.000

0.000

1.000

0.943

1.000

3.203
***

parity

1.057
*
1.117
*
1.136
*
1.129

1.076

0.997

0.838


feeding
artificially fed at 2 months

other
1.721

1.000
***
1.922

1.000
***
1.239

1.000

1.485

1.000

2.484

1.000
**
1.219

1.000

1.952

1.000
***

density

1.059
***
1.087
***
1.032

1.044

1.025

1.110
**
1.031


mining
non-mining district

mining district
1.000

1.846
***
1.000

3.696
***
1.000

1.646

1.000

1.197

1.000

3.375

1.000

0.964

1.000

1.062


interaction
parity AND mining district
1.025

0.987

0.940

1.063

0.958

1.106

1.207


rooms
1-3

4+
1.289

1.000
**
1.457

1.000
**
1.074

1.000

1.057

1.000

1.844

1.000
*
1.492

1.000

1.092

1.000


high ground
high ground

low ground
1.717

1.000
***
2.768

1.000
***
0.932

1.000

1.340

1.000

1.883

1.000

1.298

1.000

1.957

1.000


season of birth
May-September

October-April
STRATUM

STRATUM
STRATUM

STRATUM
1.629

1.000
**


0.550

1.000
*
STRATUM

STRATUM
STRATUM

STRATUM

influenza epidemic
born in 1918

born in other years




2.195

1.000
***
2.159

1.000
**







Notes: as Table 1.

Interestingly, the negative effects of artificial-feeding on the risk of death from wasting diseases are greatly reduced when consideration is limited to the end of the second month on.  As pointed out earlier, this suggests that the higher odds ratio when mortality from the end of the first month is included can be attributed to children who died very soon after starting to being artificially fed from a very young age, in other words, those who were likely to have been fed in this manner precisely because they were failing to thrive.  The fact that this effect is particularly visible with the causes of death grouped under wasting diseases lends weight to this argument, as it is exactly these sort of maladies which would have carried off weakly children.  A similar decrease in the importance of maternity history (Table 7) for both diarrhoeal and wasting diseases supports the argument for genetic/biological factors as a source of death clustering in families and reduces the role for behavioural causes and feeding patterns. 

Table 7: Hazards modelling of mortality from month 2 to month 12: parities 2+, by cause of death


All causes
Bronchitis & pneumonia
Infectious diseases
Wasting diseases
Diarrhoea etc
Convulsions
Other causes

number of deaths
413

145

79

37

32

46

74


degrees freedom
11

11

13

12

12

11

11


chi-square
112
***
56
***
22
*
52
***
18

10

40
***

twins
singleton

twin/triplet
1.000

2.527
***
1.000

2.792
***
1.000

1.026

1.000

10.199
***
1.000

1.111

1.000

1.843

1.000

1.913


sex
female

male
1.000

1.348
***
1.000

1.437
**
1.000

1.018

1.000

1.436

1.000

1.376

1.000

1.758
*
1.000

1.305


legitimacy
legitimate

illegitimate
1.000

3.791
***
1.000

0.961

1.000

6.347
***
1.000

3.956

1.000

0.000

1.000

0.000

1.000

10.784
***

parity

1.031

1.078

1.109

1.290
**
0.952

0.919

0.734
*

feeding
artificially fed at 2 months

other
1.717

1.000
***
1.857

1.000
***
1.042

1.000

1.303

1.000

2.768

1.000
**
1.488

1.000

2.162

1.000
***

density

1.055
***
1.070
**
1.040

1.053

1.029

1.086

1.035


mining
non-mining district

mining district
1.000

1.984
**
1.000

3.986
***
1.000

2.539

1.000

3.198

1.000

1.586

1.000

0.780

0.657

1.000


interaction
parity AND mining district
1.022

0.992

0.914

0.920

1.073

1.150

1.346
*

rooms
1-3

4+
1.306

1.000
**
1.460

1.000
*
1.122

1.000

1.012

1.000

2.662

1.000
**
1.230

1.000

0.994

1.000


high ground
high ground

low ground
1.805

1.000
**
3.170

1.000
***
1.404

1.000

0.557

1.000

1.572

1.000

1.217

1.000

1.911

1.000


season of birth
May-September

October-April
STRATUM

STRATUM
STRATUM

STRATUM
1.868

1.000
***


0.523

1.000

STRATUM

STRATUM
STRATUM

STRATUM

influenza epidemic
born in 1918

born in other years




1.566

1.000

2.098

1.000
*







maternity history
2.483
***
3.054
**
1.840

2.578

4.062

0.656

3.292
*

Notes: as Table 1

The association of artificial feeding with deaths from diarrhoea and enteritis is lowered, perhaps reflecting the higher vulnerability of the very young to ingested pathogens, but still significant.  As with wasting diseases, the risks of dying from diarrhoeal disease are increased for those living in a mining district, but the penalties consequent on smaller houses were also raised, indicating that both the domestic and the community or neighbourhood environment affected the risks of dying from this group of causes.  Smaller dwellings will have been less likely to have had modern sanitary facilities and a supply of running water, and mining districts may have had poorer facilities, more public refuse tips, or they may have been less well contained
.  The seasonal aspect of diarrhoea is also visible once the second month of life is excluded.  Those born in the summer and surviving the first two months will have survived their first diarrhoea season, and will probably have been already used to solid foods during their second, so not put at risk by weaning during the season of summer diarrhoea.

In contrast, the risks of artificial feeding are significantly increased for death from ‘other causes’, and from bronchitis and pneumonia.  The latter is an association which has also emerged from modern day studies of feeding and the risk of illness, which have found that breastfeeding produces significant decreases in respiratory illness both during infancy and up until the age of seven
. Similar results from this data set have also been found for mortality from respiratory illness between the ages of one and five
.

This further examination of feeding patterns has shown that even restricting consideration to survival after the first month does not remove the bias resulting from the tendency to change the feeding method of those babies who failed to thrive.  Consideration of feeding from the end of the second month is better at removing bias and renders mortality more sensitive to artificial feeding. The association with wasting diseases has predominantly been shown to be the product of very early deaths, probably due to congenital weakness rather than a failure to thrive consequent upon artificial feeding. The risks associated with diarrhoea were still high, suggesting that the risks of artificial feeding did work through sanitation, but diarrhoea deaths were not significantly clustered within families once early deaths were excluded, suggesting that clustering may have been more connected to the tendency to have weakly children who were consequently hand fed, rather than being primarily due to individual household circumstances. Other causes were also important with respect to artificial feeding, however, hand feeding particularly increased the risks of bronchitis and pneumonia.  Respiratory diseases were a much more numerous cause of death in the population covered by this data set than were diarrhoeal deaths, so it would be mistaken to assume that artificial feeding and the environmental impact worked entirely through diarrhoea. Artificial feeding affected resistance to causes such as bronchitis and pneumonia, which were more directly influenced by environmental variables such as high ground, density and mining, which themselves stand as proxies for factors such as wind and temperature, disease transmission and the presence of coal dust as well as public and private sanitation.

8. Conclusions

To public health officials in the early twentieth century, infantile diarrhoea was the principal scourge of young life. They justified their ‘undue magnification’ of the importance of this one set of factors by the possibility of the ‘greatest immediate saving of life’
.  Historians and demographers have also justified their concentration on diarrhoea by its high rates, significant decline and large differentials between places.  Environmental conditions, particularly poor sanitation in crowded cities, have been implicated in high diarrhoeal mortality, and the particular detrimental consequences of artificial feeding for diarrhoeal mortality in such circumstances have been emphasised. However there were other important causes of infant death which also varied between places and showed significant declines in the late nineteenth and early twentieth centuries. This analysis has examined the influences on infant mortality from different causes for a population in a place and at a time in which diarrhoea was no longer the dominant factor, revealing influences on other causes which are often overshadowed by the dominance of diarrhoea in big cities. 

Of the broad causal groupings employed in the analysis, respiratory diseases were the most numerous and also the most responsive to environmental influences. These influences were less likely to be sanitary in character, but the quality of housing in terms of ventilation, heating and damp may have influenced the risks of dying from bronchitis or pneumonia.  Other atmospheric effects such as coal dust, cold and wind may have been important influences in mining districts and upland areas which were associated with higher risks of mortality from respiratory disease
. The analysis has also emphasised that artificial feeding did not just affect exposure to diarrhoeal disease, it also increased susceptibility to respiratory disease, a relationship which has been shown for recent data but which has been more difficult to demonstrate for the early twentieth century while controlling for other factors. Density and crowding, and the number of older siblings to bring in infection from school or street have been shown to have been important in the transmission of infectious diseases. 

The lack of large cities in the data set means it is difficult to generalise as to the causes of differentials across England and Wales, and the very short time span means that the relative contributions of different influences to mortality declines cannot be directly measured.  However it is always possible to speculate. In 1912 the Medical Officer to the Local Government Board, Arthur Newsholme, argued that the concentration on eliminating diarrhoea would ‘help those engaged in improving the social evils which (apart from sanitation) favour excessive infant and child mortality’. Developments such as improvements in domestic sanitation and housing, the eradication of long tube feeding bottles, the introduction of more appropriate breast milk substitutes and the instruction of mothers in better hygiene practices have been credited with the decrease in diarrhoeal mortality rates. Some of these measures, particularly improved housing conditions, will also have affected mortality from other causes.  Although housing conditions are slow to change, house building was increasing in the late nineteenth and early twentieth centuries, with new houses subject to more stringent regulations in terms of sanitation and water supply, but also in terms of other factors such as light, space and ventilation
.  These latter factors are likely to have had a beneficial effect on respiratory disease mortality and the transmission of infectious diseases, as will the gradual elimination of houses unfit for habitation.  Medical Officer of Health (MOH) reports for Derbyshire document that house building, improved ventilation (especially for houses build into hillsides), the paving of back yards, improved water, sanitation and scavenging were subjects of concern and targets for action in the early twentieth century.  The nursing and isolation of infectious diseases is likely to have been beneficial, and the advice and instruction of health visitors might also have had an effect on the prevention and care of respiratory illness, but it is difficult to assess the pathways of such and effect, let alone the magnitude.  There appear to have been few specific measures to reduce mortality from non-diarrhoeal causes, and it appears that non-diarrhoeal mortality may have been declining ‘on the back’ of the attempts to reduce diarrhoeal mortality, but producing a longer and slower decline – less dramatic, but none the less important. 

Bibliography

Aaby, P., ‘Lessons from the past: third world evidence and the reinterpretation of developed world mortality declines’, Health Transition Review, Supplement to Volume 2 (1992), 155-83.

Aaby, P., Bukh, J., Lisse, I.M., et al., ‘Overcrowding and intensive exposure as determinants of measles mortality’, American Journal of Epidemiology, 120 (1984), 49-63.

Alter, G. and Carmichael, A., ‘Studying causes of death in the past: problems and models’, Historical Methods, 29 (1996), 44-8.

Arjas, E., ‘A graphical method for assessing goodness of fit in Cox’s proportional hazards model’, Journal of the American Statistical Association, 83 (1988), 204-12, reprinted in UNPF, Readings in Population Research Methodology, Volume 6: Advanced Basic Tools (UNPF, DATE, pp. 79-84).

Armstrong, W.A., ‘The use of information about occupation’, in Wrigley, E.A. (ed.)., Nineteenth-century society: essays in the use of quantitative methods for the study of social data (Cambridge, 1972).

Atkins, P.J., ‘White poison? The social consequences of milk consumprion 1850-1930’, Social History of Medicine, 5 (1992), 207-227.

Bell, F. and Millward, R., ‘Public health expenditures and mortality in England and Wales, 1870-1914’, Continuity and Change, 13 (1998), 221-49.

Brend, W.A., ‘The relative importance of pre-natal and post-natal conditions as causes of infant mortality’, Medical Research Committee, The Mortalities of Birth, Infancy and Childhood, HMSO, 1918, 1-33.

Buchanan, I.H., ‘Infant mortality in British coal mining communities, 1880-1911’, unpublished PhD thesis, University of London (1983).

Cantrelle, P. and Leridon, H. ‘Breast-feeding, mortality in childhood and fertility in a rural zone of Senegal’, Population Studies, 25 (1971), 505-33.

Coutts, F.J.H., ‘Report of an inquiry as to condensed milks; with special reference to their use as infants’ food’, Reports to the Local Government Board on Public Health and Medical Subjects, N.S. no. 56, Food Reports no. 15 (1911).

Coutts, F.J.H., ‘On the use of proprietary foods for infant feeding’, Reports to the Local Government Board on Public Health and Medical Subjects, N.S. no. 80, Food Reports no. 20 (1914).

Coutts, F.J.H., ‘Upon an inquiry as to dried milks, with special reference to their use in infant feeding’, Reports to the Local Government Board on Public Health and Medical Subjects, N.S. no. 116, Food Reports no. 24 (1918).

Cunningham, A.S., ‘Breast-feeding and morbidity in industrialised countries: an update’, in Jelliffe, D.B. and Jelliffe, E.F.P. (eds), Advances in International maternal and child health (Volume 1, Oxford, 1981).

Curtis, S.L., Diamond, I. and McDonald, J.W., ‘Birth interval and family effects on post neonatal mortality in Brazil’, Demography, 30 (1993), 33-43.

Daly, C., Heady, J.A. and Morris, J.N., ‘Social and biological factors in infant mortality: The effect of mothers age and parity on social-class differences in infant mortality’, The Lancet (1955), 445-8.

Das Gupta, M., ‘Socio-economic status and clustering of child deaths in rural Punjab’, Population Studies, 51 (1997), 191-202.

Das Gupta, M., ‘Death clustering, mothers’ education and the determinants of child mortality in rural Punjab, India’, Population Studies, 44 (1990), 489-505.

Davies, C., ‘The health visitor as mother’s friend: a woman’s place in public health, 1900-14’, Social History of Medicine, 1 (1988), 39-59.

Davis, W.H., ‘Statistical comparison of the mortality of breast-fed and bottle-fed infants’, American Journal of Diseases of Children, 5 (1913), 234-47.

Fildes, V., ‘Breast-feeding in London, 1905-19’, Journal of biosocial science, 24 (1992), 53-70.

Fildes, V., ‘Infant feeding and infant mortality in England, 1900-1919’, Continuity and Change, 13 (1998), 251-80.

Forste, R. ‘The effects of breast-feeding and birth spacing on infant and child mortality in Bolivia’, Population Studies, 48 (1994), 497-511.

Garrett, E.M., Reid, A.M., Schürer, K. and Szreter, S.R.S., Changing family size in England and Wales: place, class and demography: 1891-1911.  (Cambridge, 2001).

Goldberg, H.I., Rodrigues, W., Thome, A.M.T., Janowitz, B. and Morris, L., ‘Infant mortality and breast feeding in North-Eastern Brazil’, Population Studies, 38 (1984), 105-15.

Grulee, C.G., Sanford, H.N. and Heron, P.H., ‘Breast and artificial feeding: influence on morbidity and mortality of twenty thousand infants’, Journal of the American Medical Association, 103 (1934), 735-8. 

Grulee, C.G., Sanford, H.N., and Schwartz, H., ‘Breast and artificially fed infants: a study of the age incidence of morbidity and mortality in twenty thousand cases’,  Journal of the American Medical Association, 104 (1935), 1986-8.

Guo, G., ‘Use of sibling data to estimate family mortality effects in Guatamala’, Demography, 30 (1993), 15-32.

Hosmer, D.W. and Lemenshow, S., Applied survival analysis: regression modeling of time to event data (New York, 1999).

Howarth, W.J., ‘The influence of feeding on the mortality of infants’, The Lancet, 2 (1905), 210-13.

Howie, P.W., Forsyth., J.S., Ogston., S.A., Clark, A. and Florey, C.du V., ‘Protective effect of breast feeding against infection’, BMJ, 300 (1990), 11-16.

Kintner, H.J., ‘Classifying causes of death during the late nineteenth and early twentieth centuries: the case of German infant mortality’, Historical Methods, 19 (1986), 45-54.

Knodel, J. and Hermalin, A., ‘Effects of birth rank, maternal age, birth interval, and sibship size on infant and child mortality: evidence from 18th and 19th century reproductive histories’, American Journal of Public Health, 74 (1984), 1098-1106.

Langford, C. ‘The 1918-19 influenza pandemic: mortality by age and sex’, Seminar paper presented at the Cambridge Group for the History of Population, May 1999.

Lantz, P., Partin, M. and Palloni, A., ‘Using retrospective surveys for estimating the effects of breastfeeding and child spacing on infant and child mortality’, Population Studies, 46 (1992), 121-39.

Lewis, J., The politics of motherhood. Child and maternal welfare in England, 1900-1939 (London, 1980).

Llewelyn Davies, M.L. (ed.), Maternity: letters from working women (London, 1978, reprint of 1915).

Lynch, K.A. and Greenhouse, J.B., ‘Risk factors for infant mortality in nineteenth -century Sweden’, Population Studies, 48 (1994), 117-33.

McCleary, G., The early history of the infant welfare movement (London, 1933).

McCleary, G., The maternity and child welfare movement (London, 1935).

McKeown, T., The modern rise of population (London, 1976).

Marland, H., ‘A pioneer in infant welfare: the Huddersfield scheme 1903-1920’, Social History of Medicine, 6 (1993), 25-50.

Millward, R. and Bell, F.N., ‘Economic factors in the decline of mortality in late nineteenth century Britain’, European Review of Economic History, 2 (1998), 263-88.

Morgan, Nigel

Morris, J.N. and Heady, J.A., ‘Social and biological factors in infant mortality: Objects and methods’, The Lancet, (1955), 343-9.

Nault, F., Desjardins, B., and Légaré, J., ‘Effects of reproductive behaviour on infant mortality of French-Canadians during the seventeenth and eighteenth centuries’, Population Studies, 44 (1990), 273-85.

Newsholme, Arthur. Fifty years in public health (London, 1935).

Newsholme, Arthur, 39th Annual Report to the Local Government Board, 1909-10. Supplement to the Report of the Board’s Medical Officer containing a Report by the Medical Officer on Infant and Child Mortality. HMSO 1910, Cd 5263, vol XXXIX.

Newsholme, Arthur, 42nd Annual Report to the Local Government Board, 1912-13. Supplement in continuation of the Report of the Medical Officer of the Board for 1912-13 containing a second Report on Infant and Child Mortality by the Medical Officer of the Board. HMSO 1913, Cd 6909, vol XXXII.

Palloni, A. and Millman, S. ‘Effects of inter-birth intervals and breast-feeding on infant and early childhood mortality’, Population Studies, 40 (1986), 215-36.

Peretz, E., ‘Maternal and child welfare in England and Wales between the wars: a comparative regional study’, unpublished PhD, PLACE (1992).

Reid, A.M., ‘Infant and child health and mortality in Derbyshire from the great war to the mid 1920s’, unpublished PhD thesis, Cambridge University, 1999.

Reid, A.M., ‘Locality or Class? Spatial and Social Differentials in Infant and Child Mortality in England and Wales, 1895-1911, in Corsini, C.A. and Viazzo, P.P., The Decline of Infant and Child Mortality (The Hague, 1997).

Reid, A.M., ‘Neonatal mortality and stillbirths in Derbyshire in the early twentieth century’, Population Studies, forthcoming.

Reves, R., ‘Declining fertility in England and Wales as a major cause of the twentieth century decline in mortality’, American Journal of Epidemiology, 122 (1985), 112-26.

Robinson, M., ‘Infant Morbidity and Mortality: a study of 3266 infants’, The Lancet, 260 (1951), 788-94.

Szreter, S.R.S., ‘The importance of social intervention on Britain’s mortality decline c. 1850-1914: a re-interpretation of the role of public health’, Social History of Medicine, 1 (1988), 1-38.

Waldron, I., ‘What do we know about causes of sex differentials in mortality? A review of the literature’, Population Bulletin of the UN, 18 (1985), 59-76.

Watkins, C.J., Leeder, S.R. and Corkhill, R.T., ‘The relationship between breast and bottle feeding and respiratory illness in the first year of life’, Journal of Epidemiology and Community Health, 33 (1979). 180-2.

Watterson, P.A., ‘Role of the environment in the decline of infant mortality: an analysis of the 1911 census of England and Wales’, Journal of Biosocial Science, 18 (1996), 457-70.

Williams, N., ‘Infant and child mortality in urban areas of nineteenth century England and Wales: a record linkage study’, unpublished PhD, University of Liverpool, 1989.

Williams, N., ‘The reporting and classification of causes of death in mid-nineteenth-century England: the example of Sheffield’, Historical Methods, 29 (1996), 58-71.

Williams, N. and Galley, C., ‘Urban-rural differentials in infant mortality in Victorian England’, Population Studies, 49 (1995), 401-20.

Wilson, A.C., Forsyth, J.S., Green, S.A., Irvine, L., Hau, G. and Howie, P., ‘Relation of infant diet to childhood health: seven year follow up of cohort of children in Dundee infant feeding study’, BMJ, 316 (1998), 21-5.

Winter, J.M., ‘Aspects of the impact of the first world war on infant mortality in Britain’, Journal of European Economic History, 11 (1982), 713-38.

Woodbury, R.M., Infant mortality and its causes (Baltimore, 1926).

Woodbury, R.M., ‘The relation between breast and artificial feeding and infant mortality’, American Journal of Hygiene, 2 (1922), 668-87.

Woods, R.I. and Shelton, N., An atlas of Victorian mortality (Liverpool, 1997).

Woods, R.I., Watterson, P.A. and Woodward, J.H., ‘The causes of rapid infant mortality decline in England and Wales, 1861-1921’  Parts I and II, Population Studies, 42 (1988), 343-66 and 43 (1989), 113-32.

Woods, R.I., Williams, N. and Galley, C., ‘Infant mortality in England 1550-1950: problems in the identification of long-term trends and geographical and social variations’, in Corsini, C. and Viazzo, P.P., The decline of infant mortality in Europe 1800-1950, four national case studies (UNICEF, 1993).

Wrigley, E.A., Davies, R.S., Oeppen, J.E. and Schofield, R.S., English population history from family reconstitution, 1580-1837 (Cambridge, 1997).
� EMBED Word.Picture.8  ���











� For the origins and development of the infant welfare movement see for example:  Newsholme, Fifty years in public health, pp. 322-5; McCleary, The early history of the infant welfare movement; Dwork, War is good for babies; Marland, ‘A pioneer in infant welfare’; Lewis, The politics of motherhood. 


� See, for example, Newsholme, 39th Annual Report and 42nd Annual Report.


� Atkins, ‘White Poison’, p.211.


� Millward and Bell, ‘Economic factors’; Bell and Millward, ‘Public health expenditures’.


� See Szreter, ‘The importance of social intervention’.


� McCleary, The early history, p. 35.


� Woods, Watterson and Woodward, ‘The causes’.


� Williams and Galley, ‘Urban-rural differentials’.


� McKeown, The modern rise of population; Winter, ‘Aspects of the impact’, p. 727.


� Reid, ‘Locality or class?’; Garrett et al, Changing family size.


� Woods and Shelton, Atlas of Victorian mortality, pp. 65-92.


� Kintner, ‘Classifying causes of death’; Williams, ‘The reporting’.


� Neonatal mortality and the risk of stillbirths have been examined using this data set and presented in a different publication: Reid, ‘Neonatal mortality and stillbirths’.


� For the development of the health visiting movement, see Dwork, War is good for babies; McCleary, The early history; McCleary, The maternal and child welfare movement; Peretz, ‘Maternal and child welfare’; Marland, ‘A pioneer’; Davies, ‘The health visitor’.


� The data for this paper are from the rural and urban administrative districts (RDs and UDs) of Western and Southern Derbyshire.  They therefore do not include the North-East around Chesterfield, the County Boroughs of Derby and Chesterfield, and the Municipal Boroughs of Buxton, Glossop and Ilkeston (the records for the County and Municipal boroughs unfortunately do not survive).


� See Reid, ‘Infant and child health’, pp. 168-180 for more information about these variables.


� Based on the social class system used in the 1921 census. See Armstrong, ‘The use’, and Williams, ‘Infant and child mortality’, pp. 67-71 for discussion of the problems of assigning social status on the basis of occupation, and Reid, ‘Infant and child mortality’, pp. 89-93’ for particular problems with this data set.


� For contemporary studies of breast feeding and infant mortality see for example, Howarth, ‘The influence’; Davies, ‘Statistical comparison’; Woodbury, ‘The relation’; Woodbury, ‘Infant feeding’; Grulee et al, ‘Breast and artificial feeding’; Grulee et al, Breast and artificially fed infants’; Robinson, ‘Infant morbidity and mortality’; Newsholme, Fifty years, pp 351-60; For analysis of the suitability of different types of substitute foods, see Coutts, ‘Report on an inquiry as to condensed milks’, ‘On the use of proprietary foods’, and ‘Upon an inquiry as to dried milks’. 


� See Reid, ‘Infant and child health’, pp. 150-9 for the problems associated with the interpretation of this data.


� Derbyshire County Council MOH Report 1914.


� It is likely that the percentage of children being mixed fed at any one age is underestimated as very often there is only a single mixed feeding observation.  This means that there are few windows of observation during which a child is known to have received mixed feeding because there is a mixed feeding observation at either end.


� The percentage breastfeeding of all mothers will be lower, as many of the children for whom feeding information was not recorded were those who never established feeding, or who died of some form of congenital malformation or weakness and who were more likely to have been artificially fed.


� Arjas, ‘A graphical method’. For application of the tests see Reid, ‘Infant and child health’; Hosmer and Lemenshow, Applied survival analysis.


� Twins were nearly three times more likely than singletons to have been stillborn and over eight times more likely to have died in the first month after birth (Reid, ‘Neonatal mortality and stillbirths’).  See also Cantrelle and Leridon, whose Senegalese twins were at a 2.33 higher risk of death during the entire first year than all children (Cantrelle and Leridon, ‘Breast feeding’).


� Wrigley et al., English population history, pp. 246-7.


� Reid, ‘Neonatal mortality and stillbirths’.


� This result is echoed in Knodel and Hermalin, ‘Effects of birth rank’; Nault et al., ‘Effects of reproductive behaviour’; Heady et al., ‘Variation of mortality’; and Daly et al., ‘The effect of mother’s age’.


� A value only a little lower than the 85 per cent found by Goldberg et al. for North East Brazil (‘Infant mortality and breast feeding’, p. 111).


� Reid, ‘Infant and child health’, pp. 111-7.


� It is likely that illegitimacy was under-recorded in the dataset (the registers identified only about half the number of illegitimates that were identified by registration). The most mobile single mothers, who may have come to the district only for confinement, were likely to have been concentrated among those who could not be traced, leaving a biased sample of more stable single parent families with more familial support.


� See Reid, ‘Infant and child health’, p. 100.


� See Reid, ‘Locality or class?’ and Garrett et al., Changing family size, Chapter 4.


� Deviance residuals were used as these have the least skewed distribution, although even they are not distributed symmetrically about zero.


� This does not necessarily mean that multiple birth was the most important factor in affecting mortality: there were comparatively few twins and triplets, so even though each stood a much higher risk of death, removing twins makes little difference to overall mortality levels.


� Das Gupta, ‘Death clustering’.


� Reid, ‘Neonatal mortality and stillbirths’.


� For alternative formulations of previous reproductive history see: Nault et al, ‘Effects of reproductive behaviour’; Das Gupta, ‘Death clustering’; Das Gupta, ‘Socio-economic status and clustering’; Lynch and Greenhouse, ‘Risk factors for infant mortality’; Curtis et al, ‘Birth interval and family effects; Guo, ‘Use of sibling data’.


� Reid, ‘Neonatal mortality and stillbirths’.


� As it also was for neonatal mortality (Reid, ‘Neonatal mortality and stillbirths’).


� See Garrett et al., Changing family sizes, Chapter 4. 


� Beware, however, of the poor fit for the models for first births only.


� Odds ratios were about 4 for the risk of neonatal mortality and about 20 for the risk of stillbirth, see Reid, ‘Neonatal mortality and stillbirths’.


� Including the effect of previous stillbirths and miscarriages in the calculation makes very little difference to the models, which have consequently not been shown.


� Reid, ‘Neonatal mortality and stillbirths’.


� See Newsholme, ‘Local Government Board Reports’.


� See Buchanan, ‘Infant mortality in coal mining communities’, pp. 193-220; Newsholme, 39th Annual Report to LGB, pp. 63-8; Morgan REF.


� See Williams, ‘The reporting’; Kintner, ‘Classifying causes’; Alter and Carmichael, ‘Studying causes’, for problems associated with cause of death information in infancy. 


� Waldron, ‘What do we know’, p. 66.


� See Reid (‘Infant and child health’, pp. 123-8) for the risk of getting respiratory disease in this data set, and Wilson et al., ‘Relation of infant diet’; Howie et al., ‘Protective effect’; and Watkins et al., ‘The relationship’, for analyses of recent data.  


� Aaby, ‘Lessons from the past’; Aaby et al., ‘Overcrowding and intensive exposure’; Reves, ‘Declining fertility’, p. 124.


� The 1918-19 influenza epidemic has been commonly described as having struck young adults and those in the prime of their lives more than children.  However although mortality rates increased proportionately more in adulthood, they also increased substantially in childhood (Langford, ‘The 1918-19 influenza pandemic’).


� In contrast to neonatal mortality, where it was suggested that convulsions could be attributed either to diarrhoea or to congenital weakness (Reid, ‘Neonatal mortality and stillbirths’).


� Morris and Heady, ‘Objects and methods’, p. 345.


� Palloni and Millman state that controlling for multiple births also provides a control to some extent for the health of the child at birth, since twins will usually be smaller and weaker than singletons (Palloni and Millman, ‘Effects of inter-birth intervals’).  See also Lantz, Partin and Palloni, ‘Using retrospective surveys’ and Goldberg et al., ‘Infant mortality and breast-feeding’.


� Forste, ‘The effects of breast-feeding’.


� Reid, ‘Infant and child health’, pp. 117-9.


� Reid, ‘Infant and child health’, pp, 109-17.


� See Reid (‘Infant and child health’) for recommended and most common breast milk substitutes.


� Fildes, ‘Infant feeding and infant mortality’, and ‘Breast-feeding in London’, p. 66.  This is challenged by Howie et al., who found that at least three months breast feeding is necessary to obtain an advantage (‘Protective effect’).  However, the lower sensitivity of the latter study may be because it relates to Dundee, Scotland in the 1980s, when the risks of disease were much lower than in the late nineteenth and early twentieth centuries.  Cunningham showed that the greatest advantage of breast-feeding over artificial occurs between three and six months (‘Breast feeding and morbidity’).


� Buchanan, ‘Infant mortality in British coal mining communities’, especially chapter 6.


� Howie et al., ‘Protective effect’; Wilson et al., ‘Relation of infant diet to childhood health’; Watkins et al., ‘The relationship’. 


� Reid, ‘Infant and child health’, pp. 261-2.





� Newsholme, 42nd Annual Report, p. 55.


� See Brend, ‘The relative importance’, p. 6, and Llewelyn Davies, Life as we have known it, pp. 67-8 for descriptions of the all-pervasive influence of coal dust in mining districts. 


� Millward and Bell, ‘Economic factors’, pp. 279-82.





[image: image4.wmf]0

6

12

18

24

age in months

0

20

40

60

80

100

percentage of children in observation

Breast fed

Artificially fed

Mixed feeding

Source: Derbyshire health visitor data

Figure 2: Feeding methods of children in observation

_1049187689.doc


1881







1884







1887







1890







1893







1896







1899







1902







1905







1908







1911







1914







1917







1920







Year







0







50







100







150







IMR







Figure 1: Infant mortality rates, England and Wales, 1881-1920







Other causes







Common infectious diseases







TB diseases







Bronchitis and pneumonia







Developmental and wasting diseases







Diarrhoea and enteritis












