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I - INTRODUCTICN,

One of the most startling and satisfactory phenomena
which vital statistics have shown is the enormous decline within
the present century of the mortality of infants and young
phildren. Prior to 1901, some 15 per cent., of all infants
" porn failed to celebrate their first birthday; but the last 25
years have seen this proportion steadily dwindling to one half
of its original value. Relatively sudden in its commencenent,
showing (until possibly the last two or three years) no
appreciable slackening in its rate of improvement, and coincident
with energetic medical efforts of control on a national scale,
this amelioration of the fate of infants is viewed by all,

. except a relatively small though influential sect of eugenists,
" with considerable gratification and as a triumph of hygiene
greater than or at least equal to the conquest of typhus, |
enteric end other epidemic diseases. Careful examination of
the causes of death to which the major part of the decline can
be attributed offers but scaﬁty support for the gloomy view that
this saving of life, at present apparently benéficial, is an
ultinate danger to the Well—being‘of the race. There is not a
shadow of evidence pointimg to the present decline in mortality
having selected for its operation the eugenically unfit. The
unconscious compliment to the increase in our medical and |
Sufgical skill in saving or prolonging the life of the unfit,
lmplicit in the acceptance of this view, is moreover quite
undeserved. The more general view is that the improvements in
Infant and child mortality manifested in our vital statistical
data represent a permanent benefit to the population; but
concerning the precise factor, or the relative iﬁpartance of

various probable factors responsible for this change, divergence

of/



of opinion is immediately in evidence. Inprovements in
domestic and municipal sanitation, deliberate efforts of
conservation of infant life and health by ante-natal, infant
welfare and "toddler™ clinies, improvements in the health of
the population at reproductive ages, more adequate and more
intelligent maternal care and concomitent reduction in the
birth rate are some of the many factors to which the changes
are attributed.

To extricate, if possible, from the many suggested
causal agencies those which have been most influential is
obviously a task of extreme practical importance. Only by so
doing can the energy and money expended at present be direeted
to and concentrated in the channels offering the most fruitful
retumms.,

The present researches have been directed to this
end, and an attempt has been made to explain the causes of the
recent decline in mortality and to ingui¥e to what extent
certain factors, supposedly influentiél to infant life, can
account for the variatims in infant mortality observed when
the rates in different sections of the country are examined.
Those studies are concerned mainly with the influence of
external agencies acting on the infant. Up to the present, the
only date to which I have had access and which deal with the
changes taking place in the internal body mechanism during the
early stages of life are a series of hospital autopsy records;
‘and the part of these results which seem to have a direct
bearing on the present problems has been included in this study.

The very nature of the task, when, as in the present
instance, numerous factors are involved, necessitates the'use of
the statistical technique, but I have tried as far as possible

to free the text from technical language, and, where this has

N0t been wholly practicable, have inserted explanatory notes

in a short appendix.



II. THE DECLINZ IN INFANT MORTALITY
AND ITS POSSIBLE CAUSES,

Although many measures which may influence the
lmortality of infents have within recent years come into
operation, it is convenient and permissible to classify these
into one or other of two broad categories. In the first place,
many general measures intended to ameliorate the life and
health of the people at all ages must be taken into considera:
ttion. Here we have such Improvements as have been effected
or attempted in the unhealthy conditions of urban life in
particular, improved housing, improved domestic and municipal
sanitation, control of the milk supply etc. The manner in
which these may affect the health of infancy is obvious and
requires no elaboration. In the second instance, we have to
consider the effects of those measures which have been
specially directed towards the infant and the pregnant or
nursing mother, Prom a small beginning in private
philanthropic work has now sprung a vast national machinery of
naternity and child welfare, a scheme which resolves itself
Into component parts directed towards improvements in the
conditions effecting the three special periods of infant life,
the ante-nstal, natal and post-natale The aims and objects
Of ante-natal supervision may be summed up briefly. The
scheme is designed (Fairbairn, 1925) to maintain the health
Of the mother during pregnancy, to prepare her for the nursing
and general management of her infant after its birth, to
attempt to preserve the pregnancy to full-time and, above all,
t0 foresee and take steps to avoid the preventible
difficulties in labour. Obviously work of this nature,
efffciently carried out, should influence the death rates at
each/ | \



each of the tkree periods of infant life in a definite manner,
It should (1) reduce the preventible sickness and mortality
among the mothers themselves, (2) reduce the proportion of
pregnancies which do not reach full-time, (3) reduce the numbor
of deaths of infants and mothers from accidents of childbirth,
and (4) in the post-natal period should result in a diminution
in those causes of death which are mainly dependent on the luclk
of intelligent maternal care. Natal work resolves itself into
the adequate provision of lying~in accommodation and skilled
Obstetrical assistance till the end of the puerperiwmi. Its
effects will be manifested by reduction of the death-rates ol
mothers and infants from diseases and accidents 00mpliéating
labour., The post-natal or welfare clinic is mainly educative
and advisory. For purposes of treatment, which does not form
part of the usual routine of the clinic, special treatment
clinics have in some iustances been formed to work in co-opera:
ttion with the welfare clinic; but in places where these have
not been instituted many of the ordinary allments of infancy
can be treated at the welfare clinic and the more serious
cases referred to hospital. The total effect of The materniiy
and child welfare movement, granted efficlent co-ordination
between its subdivisions, should be that more intelligent
naternel care is bestowed on the infant and that diseasez wre
treated at an earlier stage and therefore more effectively,
Apart from all such deliberate efforts to conserve infant life,
two great vitalestatistical changes, namely the improvement in
the health of persons of reproductive ages and the decline in

the birth rate, deserve consideration because of the effects

which they may have had on infant mortality.

Analysis/
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Anclysis of the Data,

The data to which we have confined our atbention
in the present instance are the rates of mortality in England
and Wales of the years 1911-25 inclusive, The differencsc in
the clescification of the causes af death introduced in 1911
and the non-distribution of births and deaths prior to that
date preclude for the most part comparisons over a longer
period of time, Since the rates from the several causes ol
death vary so much in actual magnitude, to ensure comparability
in the changes which have taken place in the different causes
of death, index numbers have been calculated for each of the
15 years, taking as Dbase line the mean rate for the whole
period, Bach annual death-rate from any cause is then
expressed as a percentage of the average for that cuuse, and
the regression coefficientg*calculated for each series. In
some instances the actual death-rates do not follow with any
measure of exactitude the course indicated by the regression
straight line; but since our object is to obtain a siuple and
at the sane time reasondbly accurate expression of a general
tendency, any attempt to follow irregularities in the trend of
mortality by more complicated curves would defeat the end in
view, Diagram I, which shows for some of the main causez oOT
infant mortality the actual course and that indicated by the
straight line, brings out with what degree of accuracy tke
regression coefficient remesents the changes which have taken
place within the period under consideration., In view of the
fact that the worst examples were chosen for dlagramatic
representation, the results may, on the whole, be regarded with
some satisfaction. In the tables whiech follow a negative
coefficient represents & decreasing, a positive coefficient
an increasing death-rate. The appended errors are standard

errors/

* See Appendix.



TABLE 1.

Decline in Various Causes of Infant Mortality in
England and Wales (1911-25).

Cause of death v Regression
coefficient
Tuberculosis (all forms) - 7.90 4 0,73
Diarrhoea and enteritis - 9,69 ¢4 3,74
Infectious diseases - 4.54 4 1.43
Measles - 6498 4 1,94
Whooping cough - 3424 4 1,65
Bronchitis and pneumonia - 1428 4 0,64
Abdominal tuberculosis -11,73 4 1.06
Syphilis - 2,55 4 1l.24
Convulsions ~ 6452 $ 0,36
Malformations | + 0.98 4 0.28
Injury at birth + 2,231 4 0,41
Premature birth -~ 0,66 4 0427
Atrophy, debility and
marasmus _ ~ 6452 4 0,39
Meningitis - 7415 4 0,70
Overlying - Bo29 4 0,72
Infent mortality (all
causes) - 3.59 4 0,46

o e . . N , . §




errors, so that as a rough criterion of the significance
attaching to any change twice the standard error may be taken,
If the coefficient does not exceed this standard, it may be
inferred that there has been no definitely proven tendency for
that death rate to rise or feall within the period under review,

(2) Post-natal mortality, Table 1 shows the rate of decline in

infant wortelity as a whole and in several cause groups of
death in the first year of life in England and Wales, In the
country generally within the 15 years studied there has been
quite an appreciable decline at the rate of 3% per cent.
annually in the total death-rate under one year. In the
separate causes of death, however, there are great varilations
from this average rate of change., In view of the widely
different sizes of the standard errors involved, it is
impossible to say whether or not the actual magnitude of the
coefficient of the regression line serves to pléce the separate
cause groups of death in any definite order, Some causes

have declined on the average much more than others, but the.
course has been very erratice. Good examples are furnished

in the case of epidemic infectious diseases, €.gZ., measdles, in
which wviolent fluctuations may occur from year to year, althouch
on the average of several years' experience a decline may be
manifested, On the other hand with a group such as congenital
debility the percentage decline may not appear so startling, but
the consistency of the downward trend is a cause for satis:
tfaction as great as, probably much greater than, a more decided
decline but one subject to gross annual fluctuations from the
general course, Probably all that can be done in this
connection is to have three groups, namely those (1) with a

significant decline, (2) with gquestionable or no decline and

(3)/



(3) with an increase. In the first group the gastro-enteric
infections, diarrhoea and abdominal tuberculosis, have deélined
most of all, Other causes included in (1) are overlying,
meningitis, measles, atrophy, debility end marasmus, and
Infantile convulsions. Infectious diseases generally have been
significantly reduced, but this is mainly attributable to the

. decline in measles mortality, Whooping cough, syphilis,
bronchitis and pneumonia and premature birth, all of which show
insignificant changes, compose group (2); whereas malformations
and injury at birth have shown a definite tendency to incresase.

(b) Ante-natal mortality. To complete the mortality list of

infants it would be necessary to consider the death-rate in
intra~uterine life, This, however, can only be done in a very
imperfect way. Still-births, i.e, deaths after the 23th week of
intra-uterine life, are notifiable, but since the introduction
of notification there has, as will be gathered from Table 2,
been no tendency for this rate to diminish,.

TABLE 2,

Still-birth Rates per cent, of Live Births
in England and Wales.

1918 3.0 1922 Se2
1919 362 1923 e
1920 J.1 1924 3ed
1921 Se2 ‘ 1925 Se2

It is only fair, however, to point out that the obvious
conclusion from these figures is but doubtfully justifiable,
Notification of still-births is not yet compulsory, and more
complete returns might, with reason, be held to obscure a real
downward tendency and to produce an apparently stationary or

increasing/



increasing rate of mortality. No records are, unfortunately,
available of the loss of foetal life before the attainment of
yviable age, and it is possible that this may be just as great
as the more lmmediate ante-natal loss, A priori, it seems
reasonable to suppose that the secondary sex-ratio (the sex-
ratio at birth) would furnish & useful index of the total
.pre-natal loss of life, The sex-ratio at conception (the
primary sex-ratio) is much higher than that at birth, and,
since the intra-uterine mortality also is predominantly male,
it might appear that the lower the secondary sex-ratioc the
higher had been the previous ante-natal loss of life, Parkes
(1924) has shown that the foetal elimination in man is large
(16.5 per cent. of all pregnancies), and quite sufficient,
¥herefore, provided intra-uterine mortality is differential
with regard to sex, to affect profoundly the sex-ratio at
birth., That there is a definite excess of males among foetal
deaths is borne out by all statistics. The male sex~-ratio of
live-births varies approximately between 104 and 108, whereas
for still~births (Huxley, 1924) the male ratio lies between
124,6 and 142.2 in various Buropean countries. The severd
factors which are known to influence the birth sex ratio, €sg.
age and parity of the mother, social status, etc., do so
Probably more by varying the ante-natal loss of life than by
modifying the sex proportions at concepiion. The experimental
work of Parkes (ﬂ%é, a) shows that, for mice at least, there is
a strong degree of association between the secondary sex-ratio
and the amount of foetal wastage, Adverse pre-natal environument
accentuates the foetal loss and decreases the sex-ratio of
live-births, . Under normal comditions, in which the embryo loss

amounts to 10,8 per cent., the sex-ratio is 118 males per 100

females/



females, In mice allowed to become pregnant immediately
following parturition and to continue suckling the young Tor
less than 6 days the embryo loss rises to 17.6 per cent, and

the hirth-ratio falls to 80,4, With more intensely adverse
environmental conditions the foetal loss rises to 23,1 per cent.
and the secondary sex-ratio falls to 62,1. If these results .
were epplicable to man, the male ratio at birth would evidently
provide a suitable index of ante-natal loss; but it is doubtful
if the human secondary sex-ratio forms such a solid foundation
for deduction as to the course of ante-natal mortality as would
appear from results found under controlled laboratory conditions.
The two following considerations give reason for this dubiety.

In the first place the sex-ratio at birth of legitimate is almost
equel to that of illegitimate infants., In the period 1911-25,

of all legitimate births 51,10 per cent., and of illegitimate
51,06 per cent. were males, A higher pre-natal mortality is

t0 be expected among illegitimates, because most of these mothers
are primiparae and the dangers of first pregnancies are greatest;
the ante-natsl environment to which the infants are subject is
probably much worse than is that of legitimate infants; and,
still more, because a relatively great proportion is infected
with venereal diseasesa That the sex-ratios are so little
different would rather seem to invalidate conclusions regarding
the course of foetal loss which are drawn from the evidence of
these ratios alone. In this instance, however, the lower average
age of ummarried mothers will offset to an unknown extent the
effect of those factors tending towards a low secondary sex-ratio
among illegitimeate infants, In the second place, there 1s no
correlation between the notified still-birth rate and the
secondary sex-ratio, J

TABLE/
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TABLE 3,

Correlations between the Still-birth Rates
and Secondary Sex-ratios (1921-23),

Metropolitan boroughs 00496 § 127
County boroughs -+0358 4 .074
Adninistrative counties «0840 + ,L,102

Table 3 shows the coefficients of eorrelatioﬁ#between these
two variables found in the three large aggregates of England
and Vales in the triennium 1921~23, These coefficients are
neither significant with regard to their probable errors nor

- are they consistent with regard to sign, and therefore may be
taken to indicate that the secondary sex-ratio is not related
in any way to the preceding still-hirth rate. Here again,
however, we have really no strong argument against the sex-
ratio at birth as an index of the total ante-natal loss,
because we are ignorant both of the magnitude of the loss of
non-viable foetuses and of the correlation between this and the
death-rate in the period when vewiability has been attained,
Taken together, however, these two findings cast reasonable
doubt on the use of the suggested index of foetal wastage; butg,
for what it is worth, it may be said that, although there have
been variationsin the ratio of male: female live-births
especially in the immediate post-war period, & regression line
Titted to these ratios has a slope which is insignificant when
coupared with lts standard error, i,e, there has been no
significant general change in the sex-ratio at birth within
this period, In so far, then, as this.1is indicative of what

we want to measure, and taken in conjunction with the course

Tollowed/

* See Appendix.



TABLE 4,

Decline in Various Causes of Maternal Mortality
in Bngland and Wales {1911-25).

Cause of death

Regress ion coefficient

Accidents of pregnancy
Abortion

Ectopic pregnancy

-Other accidents of pregnancy
Puerperal haemorrhage

Other accidents of childbirth
Puerperalvsepsis

Albuminuria and convulsions
Phlegmasia alba dolens

Puerperal insanity

+ 0,82 & 0,54
+ 0,05 % 0,90,
+ 2,85 4 0.61
+ 0,30 4 0,96
- 0,59 4 0,27
+ 0,05 ¢ 0,48
+ 0,34 4 0.62
~ 0,63 0,42
- 1,01 § 0,33
- 1,87 ¢ 1,13

All causes




-11-

followed by that part of the ante-natal desth-rate which is
notifiable, it may provisionally be concluded that no improve-
ment has talken place at this period of infant life. The
difficulties in the accurate measurement of the course of ante-
natal mortality might meke it seem unreasonable to draw any
conclusions in this comnnection; but even if the evidence
submitted only suggests, and cannot with certainty demonstrate
a lack of improvement in the trend of foetal mortality, there
are at least no certain grounds for the contrary opinion that
there has been any amelioration,

(¢) Maternal Mortality. The cognate subject of puerperal

mortelity must now be reviewed briefly. In Table 4 are collected
the coelfficients representing the course of the rates of
mortality from all causes amd from several separate cause

sroups of death in childbearing women. The coefficient for the
total meternal death rate shows that its course in the period
studied is practically horizontal, and that, therefore, there
has been no change in the welfare of mothers as a whole. Among
the separate causes of death, only two, namely phlegmasia alba
dolens and puerperal haemorrhage, show sensible improvement; and
even in these cases the coefficients are small and but just
statistically significant. Causes of death in early pregnancy
have shown a tendency to increase, In each instance the
regression coefficient is positive in sign, although in only

one case, that of ectopic pregnancy, can it be deemed
Substantial. Later in the child-bearing period the chief

cause of death, albuminuria and convulsions, has shown an
insignificant tendency to decline, As is well knowny, however,
eclampsia (which forms the greater part of this group) is in

the majority of cases a primiparous condition, and, since a

declining birth-rate is associated with an increasinsz ppoportion

= x
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of primiparous births, by basing the death~rate from this
cause on total births,'any tendehcy towards. decline will be
minimised and might be effaced. Thus if it were possible to
calculate the mortality due to this cause on the more accurate
denominator of primiparous instead of total births, it might
guite well be that there has been real improvement, This
possibility can only be mentioned because there are in this
country no records of the number of primiparae. Apart fronm
puerperal haemorrhage, causes of maternal death at and
inmediately after the birth of the child have remained
rractically sBeady within this period. The remaining, and
ciief single cause of maternal death, puerperal sepsis, hus,
if anything, shown a tendency towards increase, but no
statistical significance can be attached to the coefficient.
On the whole, therefore, we may conclude from a study of these
figures that but little has been accomplished within recent
years in promoting the well=being of the child-bearing woman,.
To summerise briefly, it may be stated that, as
regardg maternity and child welfare in England and Wales
generally, any significant improvement, so far at least as
mortality is concerned, has been confined to the post-natal
period of infancy. At and before the birth of the child
conditions appear to have remained practically stationary in

the last 15 years.

Discussione.

It remains now to seek some reasonable explanation
of these changes, We have seen that the death-rates from
various causes have declined at different rates; and we now
Wish to enquire how far these differences coincide with any

reasonable classification of the causes of infant deaths. The

simplest/
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TABLE 5,

Tentative Classification of Principal Causes

of

Infant Mortality (Pearl.

A. Causes of death actually
now well controlled or
capable theoretically of
direct control in greater
or less degree.

Causes of death
not controlled.

Measles

Scarlet fever
Whooping cough
Diphtheria and croup

Dysentry

Erysipelas

Tetanus

Meningitis

Convulsions

Acute bronchitis
Pneumonia
Bronchopneumonia
Diseases of the stomach
Diarrhoea and enteritis

Extermnal causes

T.B. Of lungs.

T.B. meningitise.
Other forms of T.B.
Syphilis

Orgenic diseases of
the heart.

Malformations.
Premature birth.
Congenital debilitye.

Injuries at birth,




simplest would be a dichotomy of}the causes into avoidable and
unavoilable; and, if it could be shown that the decline in
infant mortality had been confined to the avoidable group and
left unaffected the non-preventible group, there would then be
some basis for the belief that the decline had been due in
greater part to intentional efforts of control, Althouch in
the majority of cases no éifficulty will be found as to which
of these two classes any cause of death should be relegated,
there will always be a resi’\ which leaves room for “?Q
difference of opinion,. Taéé) for example, the following
tentative classification (Table 5) given by Pearl (1920). We
mey reasonably object to this classification on the following
grounds. (a) In the group of causes of death not controlled,
the inclusion of tuberculosis probably does not accord with
the greater part of medical opinion. The main type of
infection at this period of life is either abdominal or ‘g
meningeal and not pulmonary, and although the effects of
treatuient of adult tuberculosis are doubtful, efforts to
prevent infant tuberculosis, which is caused rather by F
ingestion than inhalation of tubercular material, should be
more successful, Control of the milk supply and proper infant
feeding should surely do something to lessen this cause of
mortality. (b) Alse in this group is included infant syphilis,
With regard to which the results of treatment are admirable,
lFOr example, Sir George Newman (1926) quotes some figures
relating to the treatment between 1917 and 1924 of 164 women,
most of whom were suffering from secondary syphilis. There
Were 152 babies born, 51 with positive and 10l with negative
Wasserman reactions. Of these infants 128 were stillborn as
treatment was commenced too late in pregnancy, 4 babies died

Within/
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fallen is no certain reason for the belief that it is
controlled or capable of control; and to arrogate to intentionea
efforts, medical or other, any such amelioration without clear
statistical proof of the efficacy of the remedy gives rise to
hopes which are only dispelled by a recrudescence of the
~disease 1n spite of the continued application of orthodox
methods, The history of scarlet fever, the mortality from
which has declined so greatly and the reasons for this still
puzzle epidemiologists, is a striking example of the foregoing
objections, and in itself sufficient to make us cautious of
accepting Pearl's classification.

But although there are many difficulties in the way
of classifying causeé of death in infancy, it is certainly a
necesgsary proceedure before we can offer any satisfactory
explanation of the factors which have been responsible for the
changes in the mortality rates of infancy. The difficulty is
to put forward any other classification for which we cen offer
Statistical justification. In assessing the values of maternity
and child welfare schemes, for example, there are, apart from
prosecuting loecal, carefully controlled ad hoc inguiries, only
two methods of inquiry available, both of which are inferior to
local investigation. One of these depends, as above, on
&rranging the causes of mortality in the order in which they
might be expected to be affected - a matter of personal opinion;
the other is to compare the rates of decline in parts of the
country in which the extent to which these schemes have been
brosecuted differs. So far as those causes of death which
might reasonably be expected to react favourably to ante-natul
Supervision, namely ante-natal and natal deaths of infants and
the mortzlity of childbearing women, there is no evidence that
any appreciable amelioration has taken place (Tables 1 - 3).

Thie second method, that of interlocal comparison of the rates

ot/




Decline in Various Causes of InTant and Maternal Mortality in

TABLE 7.

Different Parts of England and Wales. (1911-25)
County Urban Rural

Cause of death London boroughs districts districis §
Infent mortality ~549540465 | ~544210,44 | ~548740.54 ! =0,0410,38 §
Tuberculosis

(all forus) ~8e40+1410 | =7.7940,78| =7.8140.79 | =7,2840.68
Diarrhoea ~844342e14 | ~9,0542.51 [~10,5540428 | =0,2842,75 ]
Infectious

diseases -De 75:,1. 95 | -4, 16:_"_1. o4 "3018110 64 H -5024:1'.1028 1
Measles “BoBle2eT4d | =504254LeB5 1 =7,7942444 | ~B.0642.41
Whooping couin ~1e8942437 | =278 Le7R2 | =5.7541e062 4o 19+1,30
Broncuitis and | _

pneunonia ~1.8540499 | =0,6C+0.56! ~1,56+0.70 : -5 41540,
Abdominal

tuberculosis ~13,84+1e77 |=1149041¢15 | =114 1641451 [~10,944110
Syphilis ~540541e55 | ~2e25+Le18| =2,714Lecl | #0.78%L.50
Convulsions ~843440,506 ) =742140,28| =0,03406407 ~5499+0,3
Malformations +0.0540651 | +142540.50| 40.9530.51 | 141540,
Injury ot virth ~042340473 | +2.7740.611 $2,7940.56 | +1,8540.5 }
Premature birth ~1e45+0442 | 0,63404251 =0,064+0,51 ~04 334042
Atrophy, debility

and marasmus ~5¢514+0.70 | ~6,6540,57 | =5.4440.37 | ~5,59+40.4
Meningitis ~Bo154Le83 | ~744550462 | =7,4740460 | ~543540:%0
Overlying ~11.6141.04 | ~3.75%40,81| =5,08+10.68] ~5e4640.7
Maternal mortal-

1ty +0,1040424 | 40.2540.57| ~141240.65 | =044840+%
Accidents of -

pregnancy ~0e54+1e17 | +14414C,71| 4140540451 =04 3640460
Puerperal - |

haemorrhage +1e8940491 | ~140440.57| =0,5440,58 ~1,4920.81
Other accidents

of childbirth 4046841428 | =0.28+0,51| ~0,5140,61 | 4094407
Puerperal sepsis | -0,3130.77 | +1.1440.68| ~0.5540,64 | +0,2840:%
Albuninuria and - ‘ ;

convulsions $0.5641018| ~1,1540,70] ~0.82+0445 | +0,01+0:40 }
Phlegmas ia alba - - :

Jolens $0.5141.16| ~0,5840444| ~1,3840465 | =1o6820:68
Puerperal - -

insanity “BeBL43e04| —0,1641,54] ~1,6242,18 | ~445642:6
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of decline, is also not without difficulty° There are no cxact
means Of measuring the extent to which preventive work has been
carried on in different districts; so that the comparisons nust
necessarily be crude. The number of ante~natal or chilad
welfare centres in the large aggregates of the country is an
inperfect measure of the amount of work done because of the
differences in the populations to be supplied. The number of
clinics per 1000 births or the average number of visits to a
clinic per birth are better, but still doubtful indices, siiice
they take no account of the work done by health visitorse. The
average number of ante-~natal and infant welfare clinics per
1000 births in the three large aggregates of England and Wales
are given on Table 6.

TABLE 6,

Number of Ante-natal and Infant Welfare Centres
per 1000 Births. (Average 1924~ 6.)

Infant
Ante-natal welfare
London 1.40 2,70
County boroughs 0.75 1.88
Administrative
counties 1,03 3409

To compare with these indices, the rates of decline for the
Separate causes of death in maternity and infancy are given on
Table 7, The feature of interest here is that both as a wWhole
and in all the separate cause groups of death examined there
&re few instances of a statistically significant difference in
the rates of decline in the main subdivisions of the country,
The differences which are evident, however, though smell, are
of importance, Syphilis and premature birth show substantially

more/
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more decline in London than elsewhere, and injury at birth in
London, although for all practical purposes stationary, compares
favourably with the significantly positive coefficients in the
rest of the country. The death-rate from congenital malfomea:
itions, too, which has remained unchanged in London, shows
significant increase in other subdivisions of the country. In
two other causes of infant mortality, convulsions and overlyin,,
local differences in the rates of decline are apparent. In both
instances the coefficient of regression is lowest in rural
districts, somewhat higher in urban districts and highest o &ll
in County Boroughs and London. Although the differences in the
rates of decline in the death rates‘from.syphilis, injury at
birth and premature birth would appear to be related to the
amount of ante~natal work done (as measured by the imperfecth
index given above), it is evident from the size of the
coefficients how little the total mortality from these causcc
has been affected. PFurther, since there are no indicsticns of
any similar relationship in the cause groups of maternal
mortality between the changes in the death rates and the extent
Of ante-natal supervision, it is possible that other factors are
at the root of these changes. For example, the differences
found in such causes as syphilis, premature birth and possibly
congenital malformations might be due to the lessened incidence
Or more effective treatment of venereal diseases in the aduld
Population, The results contained in Tables 6 and 7, therefore,
are at the best only doubtful evidence of correspondence between
effort and result.

In suggesting any other classiflication of causes of
death, it should be remembered that there are three main external

factors on which the life of the infant depends:-
(1)/
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(1) The care bestowed on it by the mother,

{2) Medical care, or the meglect to call in medical assistance in
illness =~ a factor which is obviously related to the
intelligence and efficiency of the mother, and

(3) Bovironment other than maternal,

It is not pretended that this is the order of
importance of each of these, or that these are the only influen:
ttial fuctors; but since these are certainly awong the most
important, and since it is possible to separate each of these in
some degree by comparison of figures from the Annual Reports of
- the Registrar~General, it seemed of interest to study them in
relation to the changes in mortality already referred to.

The effect produced by a combination of maternal
neglect and lack of proper medical care mey be studied best on =
large scale by a comparison of the rates of mortality from |
separate causes of death among legitimate and illegitimate infants.
The illegitimate infant is unwanted, znd so long as it lives there
attaches to the mother a stigma which only the death of the
infant cen efface. The baby, therefore, in many cases 1is deprived
Of the benefits of both intelligent maternal and medical attention.

The special features connected with the evils of
unfavourable surroundings can be demonstrated by comparing the
death-rates by causes in the County Boroughs of the North ﬁith
those of the Rural Districts of the South of England. It is not
t0 be expected that these two comparisons will show any clear-cut
division, because maternal neglect'énd unhealthy environment are
tC some extent correlated; but by studying the differences
between these two, and comparing them with the oﬁserved rates of
decline in the various causes of infant mortality, we may be

€nabled to reach some fairly definite conclusion,

These/




TABLE 8.,

Indices of (1) Adverse Environmental Conditions and
(2) Maternal Neglect.

o)
"

Ratio per cent of Deathe~rates of County Boroughs of
the North: Rural Districts of the South.

(2) = Ratio per cent of Death-rates of Illegitimate: Leglt inatifg

Infants,.
(1) (2)
Measles ‘ 955 Syphilis 732
Diarrhoea and |
enteritis 365 Overlying 316
Syphilis 359 Atrophy, debility 253

and marasnus

Bronchitis and - ‘
pneumonia 317 Diarrhoea 240

Infectious diseases 268 Abdominal tuber- 228
culosis
Infantile convul- Infantile convul-
slons - 202 sions 179
Tuberculosis
(all forms) 193 Measles 175
Meningitis 186 Tuberculosis 167 r
(all forns) B
Whooping cough 175 Premature birth 166
Atrophy, debility
and marasmus 144 Injury at birth v 162
Premature birth 139 Bronchitis and 144
pneumonis
Overlying 112 Infectious diseases 142
Mzlformations 110 Whooping courh 124 i
Injury at birth 110 Meningitis 116

Malformations 115




These two comparisons are given on Table 8. As
night have been expected from the nature of the case, syphilic
heads the list in column (2). The ratio found may be far
higher then 1s actually the case, both because of the unwilling:
iness to certify this as a cause of death (more especially
when the birth is legitimate), and because a greater proportion
of illegitimate births occur in hospital where diagnosis and
certification are usually more accurate; but in all probability
syphilis is the cause which has the greatest excess auong
illegitimate bables. Among other causes it will be seen that
some of the groups ocecupy high positions in both columms, but
that the chief differences are {(a) overlying and atrophy,
debility and marasmus, both of which groups occupy high places
in column (2) and low places in columm {1); and (b) infectious
diseases as a whole, measles, bronchitis and pneumonia and
whooping cough, all of which have noticeably higher places in
column (1) than in column (2). Unfortunately abdominal
tuberculosis is not given separately in the Registrar-General's
Teports for County Boroughs of the North and Rural Districts af
the South, so that this cause must be omitted from consideration.

If the chief causes of the decline in infant
ortality had been those measures designed to lessen or rernove
the evils of inssnitary and overcrowded surroundings, then we
shoula expect that those diseases in which the proportional
eXcess was greatest under these conditions would have declined
$0 a greater extent; but as will be seen on reference to the
table of regressions (Table 1) numerous exceptions to thils rule
o¢cur, In particular, bronchitis and pneumonia, infectious
diseases generally, atrophy, debility and marasmus and overlying
B2y be mentioned, Comparing now the observed decline in the

death/
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death-rates with the position of the diseases occupied in
colurm (2), Table 8, we find a much more striking agreenent,
Here we have only two exceptions, hamely meningitis not of
tubercular origin, and syphilis, It is not pretended that the
decline is in exact relation to the position occupied by the
disease in column (2), Some of these cause groups of death
will be observed to have declined on the average to the saue
extent, but the wide differences in the standard errors, wihick
are a measure 0f the stability of the decline, show that the
same significance cannot be attached to those in which the slope
of the line is the same. Why meningitis should upset the
relation we have no means of discovering, but the disease iz not
nunerically an important cause of mortality, and is one of those
cause groups which may be influenced by difficulties in diagnosis
especially with infectious diseases in childhood. With syphilis,
of course, we are on entirely different grounds., That the deatli-
rate from this condition has not declined is not at all the fauls
of the mother. BEven the most intelligent and careful womcn will
N0t be able to do anything towards curing herself or her child of
the disease without the aid of efficient therapeutic remedies,
and that this death~rate has not come down only argues that
direct medical treatment is not even one of the important causecs
of the recent decline in the mortalities of ihfancy.

The previous discussion, however, suggests at least
One method by which a rational classification of the causes of
infant death nay be made. The classes which the cowmpariscns
Indicate are three, nemely:~-

(1) Capable of Direct Control. Phose conditions in which medicul

end surgical measures can effect & oure or sufficient ameliora:
‘tion to prolong the life of the individual and in which materual
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care of iiself is of no avail, | In this group we would include
infantile syphilis, injuries at birth, diphtheria, and some
causes of sfillebirth_' end premature birth, such as eclampsia and
antepartum haemorrhage.

(2) Capeble of Indirect Control (and chiefly by proper maternal

care), Here we would include tuberculosis in all its fomus in
infency but more especiaily the abdominal type, diarrhoea and
enteritis, atrophy, debility and marasmus, overlying and probubly
convulsions.

(3) Uncontrollable Causes, Infectious diseases, such as whooping

coucl, scarlet fever etc., malformations, meningitis and
premature birth from causes not included in (1), probably also
measles and bronchitis and pneumonia. The fairly high position
in column (2) of premature birth might make it doubtful if this
should be included here; but it is probable that some of this
€Xcess in 1tself represents indirectly the greater prevalence of
venereal infection among illegitimate babies, miscarriage and
Premature birth being common features in the obstetric history
of a syphilitic mother,

Although objections may well be raised in some
respects to this classification, it at least possesses some
statistical basis, and moreover, it must be recognised that it is
difficult, if not impossible, to draw hard and fast lines bohueern
the groups, All that is suggested is that in conitrollable ill-
I€ss in infancy amd childhood, there is to be considered the
effect which a zood mother may have in preventing the disease,
@4 also that there are certain conditions in which, no matter
hoy intelligent and careful the mother be, the end result can
%uly be influenced by skilled medical treatment; and the
class ification given here simply suggests which, in ny opinion,

of t]flese‘t:wo factors is the more important in the several causes
ey , :
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of death.s It may be noted, however, that the classification
states implicitly that the evil effects of domestic and municipal
overcrowding and insanitation can, except in the case of
infectious disease, be overcome by intelligent and conséientious
~motherhood,

If such a classification be permissible and is
anywhere near the truth, then within the last 15 years, group (2)
'is the only one which has shown any significant decline, whereas
groups (1) ana (3) have remained practically stat ionary.

Sir George Newman (1920), in reference to the healtih
of the mother and child remarks (p.44); "Iumense progress has
been made in this subject within recent years., The Midwives Act
of 1902, the School Medical Service orgonised in 1907, the
Insurance Act Provisions for Maternity Benefit in 1911, and the
Meternity and Child Welfare Act of 1918 are the mile~stones'of a
forward-looking nation. The results have been very remarkabla,
The decline in the death rate of infants from 150 per 1000 born
in 1900 to 89 in 1918 must be attributed in large measure to the
action taken, It is one of the two or three significant.triumphs
Of preventive medicine in the present century.," PFurther, he saju;
"It is a movement springing in a large degree from the people
themselves, and resulting in a new social conscience in respect
of the physical well-being of mothers and children,"

The two statemeunts awe mutually contfadictory’unless
they ere related as cause and effect. There is no doubt about
the amount of administrative action that has been taken, The
difficultj is to know if it has had any effect, It has beeun
taken too much for grented, I think, that welfare work amd the
decline in'infant mortality are causally~related phenomena. The
decline which has taken place in the different causes af death
#mong infants serves to show clearly that in diseases amenable to E
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medical treatment alone {group 1 of the sugges ted class ificuting)
practicaelly nothing has been accomplished, and thuat the canses
which have declined are those in which the main factor responsibie
is probably the mother herself, It is, moreover, worthy of note
that the decline which has taken place in the death-rates of
infancy began before the introduction of deliberate nationel
efforts at teaching or treating mothers, and that inspection o
the death curve shows no acceleration in the rate of decline on
the introduction of these measures, I am well aware of the
fallacies inherent in this type of argument and that legislutive
enactment in many instances only represents the climax of a
steadily increasing amount of private philanthropic work; bus
this point should be remembéred and carry some weight in eny
discussion of the subject. PFurther, although more adeguate
maternal care bestowed on the infant may in all probability be
the result of welfare work - the birth and growth of a new socicl
conscience among present-day mothers - we must not overlock thc
fact that a similar result may follow on deliberate restriction
of the size of the family to the desired number. The precice
lnterpretation of the relation between the birth snd infant
mortality rates is not a simple one, but it does seen probable
that limitetion of the number o children born may in part be Aus
%0 a praiseworthy attempt of the parents to provide the furily
with the best prospect of survival and success in life, Ie,
however, the decline in the mortality of infancy can be justly
attributed to deliberate attempits at preservation of infany 1ile,
it Tfollows that the link between supervision and facilitics Tor
adeguate treatment is missing, and that with more effective

¢oordination we may hope for a still further amelioration.
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III. THE RELATIVE DMPORTANCE OF MATERNAL
HEALTII, SKILLED OBSTETRICAL ASSISTANCE AND
EXTERNAL ENVIRCIITENTAL CONDITIONC IN THE CAUSA:
:TION OF THE GEOGRAPHICAL VARIATIONS OF THE
STILLBIRTH, NEO-NATAL, AND POST-NATAL DEATH RATES,

Although within recent years the risk to infants has
diminished considerably, the rate of mortality in the first yeaxr
of life is still higher than in any other period of life prior
to that at which we cén hope for little more reduction. That
there is scope for further improvement in the mortality
experienced in early life is unquestioned, therefore, a brierl
review of the statistical data relating to Bngland and Wales ang
a study of some of the Tactors of causal import may not be
inappropriate.

Since the beginning of the pfesent century infant
mortality has shown a considerable decrease in all areas of
the country., Previously, the death—rates_at later eges had
already been falling, but the fate of infants and young
children had failed to follow a similar course, In 1901, =
fairly abrupt chenge ocourred,.and since fhen infant mortal ity

has stesdily declined, the rate of decline having shown no ,
4
/
tendency to deﬁéase, apert from minor annual fluctuations, gj\

wntil the last’few years,

If the death-rate under one year be further sub-
divided, it is found that the mortality experienced in the
Tirst few days of extra-uterine existence is far greater than
&% any other period, and from that point rapidly declines,
the Geath~rate in the last three months of the first year of
life being only about 3 per cent. of that experienced in the

firsy week, vhen reckoned per unit of time, A closer imspecticn

of the trend of mortality at various ages under one year shows
thet 211 ages have not shared in this amelioration %o the swue

€xten t/
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extent, Bach age period has been affected in varyin~ degrecs.
The data presented in Teble ¢ show that, as a general rule, tic
nearer to birth the less has the mortality rate been affected.

TABLE ¢. The distribution in age periods of the infant
nortality rates per 1000 births,

Under 1-5 0-3 S3~6 6=12 Tnder
1 month months nonths |umonths monvhs {1 yeavr
1901-05 - - 70 28 40 138
1906-10 40 23 65 23 64 117
1911-15 39 20 59 20 ol 110
1916=-20 37 17 54 14 a2 90
1921-25 53 13 46 12 18 76

Unier tne month the rate of mortality between the
quinguennia 1906-10 and 1921-5 declined 17F per ceut, at onec to
three months 454 per cent, all under three months 36 per cent,
three to six months 57 per cent, and six to twelve months 55
per cent.s The time of thé appearance of this general change,
however, was zpproximately the same in each of the separate a_ e
groups under one year, the death rates having risen to a maximu
in the quinguennium 1896-1900. As a conseguence o this
differential decline, the proportion of deaths which occur at
those ages has changed significantly, the deathe a%, and shortly
after birth now forming a more important contribution to the toiel
death roll,

These dirferences in the behaviour of the death-riives
4% various ages under one year suggest that at each of these
8ges, the several factors in the causation of infant wmortalit;
Affer in their importance at each of these age groups. This ve
elready know from general medical knowledge to be probably true,
In early infancy, the effects of pre-natal influences will

Starcely have worn of £, but the more distant from birth, the less
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important are such factors likely t0 become, The effects of
variations in obstetrical assistance (using the term in iss
widest sense) are also likely to be most clearly reflected on
the mortality at and immediately succeeding birth, whereas
maternal and environmental influences would appear to becone
of more and more importance as infancy advances.

It scems fairly obvious, therefore, that the death-
rate of infants under one year cannot be taken as a compact
group and satisfactorily investigated as such, In infant lifc,
at least Tour broad stages, perfectly definite in cheracter
althougli overlapping one another in time to a greater or lesc
degree, can be recognised, First of all is the foetal or
parasitic stage, extending from the period of conception until
immediately the infant is borm. Secondly, and included in the
Tirst, are the several stages of labour itself. Thirdly, a
period of adjustment to a new mode of life which consists oFf
the first few days or weeks of independent extra-uterine
existence, and lastly, there is the remainder of infant life,
There c¢an be no doubt that each of these periods represents
entirely different phenomena, and the mortality at each of
these stages seems to require special investigation,.

From the statistical returns of the Reglstrar-
General and the Annual Reports of the Chief Medical Officcr ol
the Ministry of Health, it is fairly easy to obtain a
Subdivision of the mﬁrtality of infants into parts which at
least approach the classification suggestede No account can
be taken of the loss of possible lives in early foetal life
(ebortions, etc), but the notifications of still-births
Published in appendices to the Annual Reports of the Chief
Medical Officer of the Ministry of Health represent, as

accurately/
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accurately as can be done at the present time, tle deathsz of
foetuses at any period between the 28th week of intra-uterinc
life and full time. Although in some parts of the éountry
notifications may be somewhat defective, since these are not
yet compulsory, the figures given probably represent fairly
accurately the distribution of still-births throu hout the
countrye. The death rate of infants born alive may be sub-
givided simply into two categories, (B)the death-rate frou
"congenital debility, malformation and prenature birth"

(Number 28 of the short list of causes of death given for ecch
Separate district in the Annual Reports of the Registrar-
General), and (b) the rewainder of infant deaths under one ycui.
Group (a) consists of deaths frou accidents of birth,
prematurity, atalectasis, hydrocephalus and other developuental
defects. This, for convenience, will be referred to as tlie

neo~-natal death rate, The remainder of infant deaths are

mainly the result of gastro-enteric, respiratory and infectioucs

diseases, These will be referred to as the post-natal deatl

rate, Although no separate account can be taken of the deaths
during the processes of labour itself, i1t will be seen thui
this subdivision into three groups corresponds fuirly well
With the stages of life suggested. Besides representinz o
Some extent a biological classification, it alsc represents
fairly well a temporal subdivision, since the greater part of
the area of the death curve from neo-natal causes is contuin:d
in the first month of life, whereas the common infectious,
Tespiratory and enteric diseases are not very prevalent at
this time,

Of the numerous possible factors which may affect
infant life in each of these stages, at the present time

vailable/
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availlable nationul statistics bnly.férmit of an attempt to
measure three of the presumebly chief ones:-

(1) The cuality of the obstetrical assistance in childbed.
(2) The health of the mother, and

(3) Social and envirommental conditions,

As a roupgh measure of (1) the total maternal
‘mortality rate in childbearing hes been takenj but, since a
great part of this death-rate is formed by the group of
condivions undér the term puerperal sepsis, and since this is
not determined to any significant extent by the proximity to

medical aid in childbearinz, the two subgroups of the mortality

3

in childbearing, puerperal sepsis and the remainder, have, in
addition, been considered separately. As an index of the
general level of the health of mothers in any disirict, the
death=rate in women aged 15-45 from all causes less those
conneéted with childbearing has been used as the most exact
heasure which ig available in any statistical returns. For
Social and environmental indices, the proportion of female
indoor domestic servants per 1000 of the total population, the
proportion of the population living more than two in a roon,
and the number of rooms per person have been used as generul
measures of these factors. Still~-birth returns are notw
available for urban and rural districts separately, so that
these‘have only been investigated in the counties of Englaud
&nd Weles, and separately for county boroughs. The remainin
wro groups of infant deaths have been anelysed in counties,
county boroughs, urban and rural districts, The rates of
mortality have been calculated on the births and deaths
Occurring in the triennium 1921-3.

TABLE/




TABLE 10, Means, standard deviztions and coefficients
of variation of the three infant Aeath-rates.

Standard  |Coefficient |
Mean deviation of var iation
Morran 1y 51,08 6405 21,41
Noroa ity 50,54 5450 11,45
Morsalisy 38.08 |  10.92 28.67

(a) Counties. The results for counties will be considered

firsts In Table 10 are given the mean death-rates, their

4]

tandard deviatvions and coefficients of variation., Calculuted
per 1000 births, the post-natal death~rate of infants is
hichest, and, both absolutely and relative to its mewn valus,
tlie most wvariable, The average ante-natal death-rate 1s muckh
lower than this, and is also less variable., The neo-natal
death-rate is lowest of all, not only in its mean value, but
also in its dispersion throughout the country., This compari:on
of averages, however, obviously gives a wrong impression of
the force of mortality at these periods. The still-birth
rate is @alculated on all deaths which occur in the three
Lonths before full time, as well as those occurring during
lebour bui before the child is born; the nec-natal death-ravc
is (roushly) confined to the first month after birth, znd ‘i
Temainder of the infant death-rate is spread over the remainiig
eleven months of the year; so that if these separate morta iy
rates be reckoned approximately as death-rates per 1000 bizihis
€r annum, the mortality experiemced in the short period
Succeeding birth is 360 per 1000 births, the ante-natal
Wortality 124 per 1000, and 40 per 1000 per annum in the

remainder/




remainder of infant life,.

~30%

(These figures are only crude

approximations to the truth, as they are based on the false

assumptions that the frequency distributions of thesé deatls

at the three periods of life are rectangular and do not overlap

one another; but they are sufficient to demons trate that the

force of mortality, the death-rate per unit of time, in the

period immediétely subsequent to birth is about three times us

great as that in the three months preceding birth and about nine

times as high as that which occurs later in the first year af

life.)

The crude correlation coefficients hetween these

three death-rates and the factors being considered in relation

to them are given in Table 1l.

TABLE 1l, Coefficients of correlation beltween each ol tie
infant death rates and certain influential
Tactors,

oy
t

1. 2 3.
!
Ante-natal} Neo-natal| Post-natul |
l mortality { mortality | mortulity
T ‘ —
4s Death~rate in females,l5-45| #3914.087 | 46844.065 | +8174,034 %
5, Maternal mortality rate ¢508+.076 | +4294,084 | 4924,078 |
6. Puerperal sepsis death-rate|-¢055+4103 | 013544101 44884.078 |
7« Maternal death-rate less 060344065 | 44184,085! .5104,095 %
sepsis. o o
8. Per cent, living more then |[~.004+,103 | 04404085 ,8554.059 !
two per room e :
9« Domestic servents per 1000 |~.2244,098 |-465444009 |-o724%.049 |

S

Population.

From these it will be noted that the health of mothsis

is wmost closely related to the post-natel Jdeath-rate, less so

Witk the neo-natal death-rate and least of all with the still-

birth rate,

With each of the death~rates, the correlations are

Certainly significant with regard to the probable errors

involved.

The/
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The total mortality rate of women in childbearinz,
curiously enough, shows but little difference in its relation-
ship with the three groups of infantile deaths, a result
which, if the maternal mortality rates were en exact index of
the state of obstetrical supervision, would immediately lead
to the suspicion that an indirect association due to sone
other factor had produced the result., But if the mortality
due to puerpePal sepsis be excluded, the remainder of the
deatli-~rates of women in childbearing becomes less associlated
with the death rates of infants. as age advances. In all
instances the coefficients are significant, but the relation-
ship with still-births is highest and that with the post-
natal death rate lowest, Comparing the coefficients with
those for health of the mother, the coefficients involvin:
maternal health are, with still-births, lower than for those
with the index used rfor the availability of obstetrical
assistance; but, in the neo-netal and post~natal death rates,
maternal health shows higher correlations than does the death
rate of women in childbearing.

With external environmental and social conditions
there is no significant relationship with the ante-natel
death ~rate, but fairly high and certainly significant
relations with both the neo-natal and post-natal mortalitics,
the post~natal rate showing a slightly closer association
With both indices of enviromment than does the neo~natal dootl
rate,

All the variables we are studying in relation to ths
mortalities of infancy are, as will be gathered from the
coefficients collected in Table 12, interrelated to some
®xtent, environment and the general health of Women-fg;?ly

Closely/ RIS T XL




closely, maternal mortality significantly with maternal health
and only slightly with environment, whereas the real criterion
of ebstetrical facilities (giga.deaths‘in childbearin~ less
puerperal sepsis) is less correlated with maternal health tLan
is the total maternal mortality rate, and not at all with
environment., Accordingly it secems of interest and importance
to ascertain the extent to which each of these factors is
related to the infant death rates when due allowance has been
made for any indirect association which may be introduced by
the correlation among the variables themselves; i,e, to
calculate the coefficients of partial correlatioﬁ*between each
of the infent death rates and amny one of these factors for
constant values of the remaining two, In deducing the partial
correlations, the number of domestic servants per 1000
bopulation has been taken as the measure of environment, The
results are collected in Table 13.

TABLE 13, Coefficient of partial correlation.

714,59 = ,1955.090 Y84.5¢ = J1594.100 54,58 = .534%,075
, +. /
Tl5.4.":9 = 0404:';.086*‘ 1'25.4% = ¢509+.093" 1‘55.4‘9 = 4348+.090

0504,105 720,45 2-,4174,085 , V59445 =-.578+.088

#

The subscripts are:

= Ante~natal mortality 4 = Decth rate females, 15-4%,

= Neo-natal " 8 = Maternal wortality rave

= Post-natal " 6 = Domestic servants per
1000 population.

[Crinvl L
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These coefficients suffice to show that, of
thosge investigated here, the important factor in determining
$t11l-birth mortality is the quality of obstetrical eid in cLild-
Y7th,  Maternal health shows a slight but insignificent positive
elationship, and environment none at all.

The neo-natal death rate shows about equal
"elationship with enviromment and the maternal mortality rates in

childbearingj

¥ See Appendix




childbearing; but the health of +the mother is not‘ significantiy
related to the mortality rate at this period of infant life,
The post-natal death rate is most closely connected
with variations in the health of women and somewhat less so
with both environment and the total maternal mortality rate in
childbeds IT will also be noted that the partial correlation
between the post-natal death rate and the childbearing
mortality rate for constant values of enviromment and maternal
health 1s &f the same order of magnitude as that found Tor both
the neo-natal and the still-birth rate., That there should be
such a high residual correlation with the mortality of women in

childbearing and the infant death rate a,?, this stage of lile \(/

/
{

is certainly contrary 'to what would have been predicted. We
should expect that the effects on the mortality of infaonts orf
the quelity of the assistance afforded to women while pregncnt
should diminish as the age of the infant increases; but from ihe
results it would appear that this is not so. There are itwo
possivilities, however, which must be borne in mind in this
connection, (1) In places where meny women lose their lives in
¢hildbed, many more are rendered invalids for a time from the
¢ffects of causes which they managed to survive, but which killed
Others, and because of this many infants must be deprived of
Proper maternal care. (2) The total death rate of women in
Pregnancy and parturition is being used here as a measure of tho

Welity of the assistance provided for the mother during pregnency

&nd in labour; but, =s has already been pointed out, it is only a
Touzh reasure of this factor, and we must not overlook the Tack
that it may equally well serve as a measure of some other factor
Wiich is associabted mot only with deaths of women in childbed,
but g1so with some causes of infant deaths, For instance in the

Present/



present case, it might be suggested thafj$dme infant deaths lave
in the first year of life may be dependent onAﬁhe éase wish
which competent medical assistance can be oﬁtained, Cases such
as these can easily be adduced., Here, then, it is¢Quite

possible that the correlation may simply demonstréte a relation-
ship between deaths which are preventable by timely medical
intervention. But, before considering either of these
possibilities, 1t seems advisable to enquire if similar results
would be produced by taking the mortality rates in childbed

from ceuses other than puerperal sepsis as indicative of
variations in the available obstetrical facilities. Consecguenuly
the partial correlations have been recalculated using this
Veriable instead of the total maternal mortality rate, and

these are given in Teble 14, |

TLBLE 14, Coefficients of partial correlation .

Ni79 = +1724.099 724,79 = ,1354,101 Tsi,79 = «5524.071Y
Ti9.49 = 5464,072¢ Y27,49 = ,424+4,084¢ T37,49 = ,194+,009

T19047 2-,0214.203 V29,47 =-,4684,080 739,47 =-,5564.090 -

Tiie subscripts are:

1 = Ante-natal mortality 4 = Death rate females,lD~40F

& = Neo-natal "

3 = Post-natal " 7 = Death rate from causes in
childbearing less puerperdcl
sepsis.

9 = Domestic servants zer 1000
population.

From these it will be seen that the coefficients
involving this portion of the maternal death rate are now
hiﬁhér in both the ante-natal and neo-natal mortalities, hut
With the post-natal mortality'fhe correlation has now no
Statistical éignificancé. It may be concluded, then, thai the
Provision of assistance to pfegnant and parturient women is in

Counties/




counties reflected on the still-birth rate and slightly lesc g0
on the neo-natal mortality rate, and that after approximately
tﬁe first month of life, the effects of this factor cease to
have any significant influence on the death rates of infants,

Among infants born alive, it is to be noted that
enviromment pleys a greater part early in life than does the
health of the mother, which at this period of infancy is
apparently of no great importance, whereas after the neo-natal
stage of life has been passed, the health of the mother would
appear o take slight precedence over external environmentecl
inTluences,

Finally it remains to be determined what is the sun
total effect of these three varisbles on the death rates at each
of these three periods of infant life, Adopting Yule's (19z2)
notation, the multiple correlation coefficientgﬁbetween each of
the infant death rates and these three faciors have been
calculated and are given in Table 15,

TABLE 15, -Coefficients of multiple correlation.

R 1,459 = ,40%4.086
R2.459 = .5564.071
R3.459 = ,698+.053

The coefficient is smallest for the still-birth rate, slightly
tigher for the neo-natal death rate and greatest for the post-
natel death rate., A similar result is obtained if, instead of
Using the total maternal mortality rate, we use the death rates
from all childbed causes less puerperal sepsis. These are given
in Table 18,

TABLE 16, Coefficients of multiple correlation.

24479 = ,5854,068

Rlo479 = o4854,079
§‘:5.4;79 = ,6814.055

An insigafficant increase results in the total

Coefficients/
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coéfficients for the still-birth and neo-natal mortality, cud
an equally insignificant decrease with the post-natal deatl:
rate .

Assuning that variations in each of these three
variables are capable of being to a great extent eliminated,
in the case of environment by éuitable administrative mcasures
end in the remaining two, the health of the mother and the
quality of assistance provided for the mother at the birth &
the child, by organised medical efforts of control, these
results show that least of all can be hoped for by improvement
of these factors in the case of still-births, somewhat more
With neo-natal deaths end most of all with the post-natal deatn
rate, Although this is by no means a complete catalogue of all
the conditions influencing infant life, ahd although the
veriables used here are, at their best, but imperfect measuves
of the factors we wish to investigate, these‘results fully
demonstrate that there is still a problem to be solved. By
eliminating fluctuations in all of these three important
faotors, the variations in the mortalities of infancy can only
be reduced in the case of still~births by 12 per cent, neo-nata
deaths 19 per cent and post-nataul deaths 27 per cent. EBven if
this could, therefore, be effected there would still remain
appreciable differences, presumably determined by measurablec
Cduses, in the rates of mortality in different parts of the
country,

(b) Countvy boroushs, Since data similar in all respects to

those elready examined for counties are available for the
Separate county boroughs of England and Wales, the whole series
of constants has been recalculated for these districts in
1921-3 for purposes of comperison.
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The nean death rates at each of the turee periols of
infant life-and the variability in the distributions throu -l -
out the country are given in Table 17.

TABLE 17, Means, standard deviations and coefficients of

variation of the three infant death rates in
county boroughse.

Standard- Coelfficient )
Mean deviation | of variuation
Aﬁﬁ:jﬁf%} 35,18 9,75 27,70
N omberity| 38e27 | 555 16462
Pgiﬁ;ﬁf% 49.52J 15419 26463

-

Compering these figures with those for counties, it will be notud
thet all the death rates sre higher in large towns than in tic
country cenerally, butbt that the difference is greatest in ths

Case of the post-natal death rate. ITan county borouchs the ductn

rate

4]
cr

this period is 30 per cent, higher than in counties,
Whereas the still-birth rate is only 13 per cent. and the neo-
latal mortality only 9 per cent. higher than in counties.
Evidently, then, the conditions in urban commnities
Prejudicial to infant life are reflected most clearly on the
Post-natal death rate, less so on the ante-nataL, and least of
all on the neo=-natal death rate. With regard to variabilit; iu
the rates of nortality, in county boroughs the coefficlents of
Viriution of the ante-natal and post-nutal death rates are

fquel in magnitude, whereas in counties the post-natal death

tate showed a slightly greater dispersion than the still-birth
Tates The neo-natal death rate, both absolutely and relative to
1ts meen value, in county boroughs is only slightly more variable
than in counties,

TABLE/




Table 18.

Coefficients orf

38—

correlations

between each of

the

inTent death rabes wnd certzin influenticl factors
in county borouchs.
Ante-natal | Neo-natal { Post-nata
mortality | mortality [ mortality
Death rate in females, *2414,070 04184,001 | 4707+,035%
15-45
Maternal mortality 0083+,0064 00394,0606 | o183+.072
rate
Pucrperal sepsis eRB804,069 «1894.072 e1554,075
death rate
Meternal death rate «3194.067 oR444,070 | o108+.,074
less sepsis
Roows per person =ell44,074 |=o61l8%4,047 | =a9714.005
Domsstic servants per -el7144072 [|=443744000 | =40584,042
1000 populction

The crude coefficients of correlation between the

three divisione of the infant death rate and the variables
already referred to are given in Table 138, These resulis

counties,

compare very well with those already found for and,
although in most instances the coefficients seem smaller, none
of the obssrved differences is of any statistical significacce.

T4BLT 19, Coefficients of partial correlations in county

boroughsX¥e
!*14.59 = ,1564,073 Taz,59 = «1754,072 .r54.59 = 44914,057
?T15°49 = 45594.065 V25,49 = ,5124.067 V35,49 = «1064,074
|
‘Yi9.45 S=e0504.074 729,45 mma2061¢4.069 1’:;)9./’3 ReeB90+,005

]

The subscripts have the same meeaning as the counties,
The coefficients of partial correlation are given in

Tdble 19, Here again in all esmsential respects this series of
toefficients agrees with the previous series.

TABLE/
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TABLE 20, Coefficients of multiple correlation in county
toroughse.

R

1,459

R2.459

«4054.062
R':—) o453 = 45944.048
The total correlations (Pable 20) are also of the
same order of magnitude and show the same differences in the
three sectlons of the infant death rate as those already given
for counvies, Consequently it would appear that all of these
Tindiungs give support to the couclusions previdusly reached,

(c) Ucban end rural districts. In urban and rural districts,

returns of still-births are not available, but the
statistical constants have been calculated for the neo~natal
and postenatal death rates. As will be seen from Tuble 21,
TABLT 21, Meaons, standard deviations and coefficicats of

variation of the infant death rates in urban an?
rural districts,

Urban districts Rural districts
Neo~natal | Post-natal Neo=-nutal Post-n%tul
mortality jmortality mortal ity |mortality
Mean 350481 38,608 29693 31,67
Standard devia~ 4,27 10.18 4,02 Cedi
tion - R N
Poelficient of 13,84 2075 15,71 2974
varviction ‘
4 e
H

2 1

the rates of mortality in both periods of infant life are Liglis:
In urban than in rural districts, but that each of the deatbl
Tates of these two aggregates of districts is lower than in
county boroughs. Here again, however, it will be seen thut ths
Post-natal death rate varies more from town to counviry thas duss
the neo-natal death rate. Comparing county boroughs and rurcl
districts, the neo-natal rate is 13 per cent. higher, but the

nirhier

Post-natal death rate in county boroughs is 56 per cent, iiher

than/
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than in rural disbtricte. Similarly the aggregatz of urbun
districtsc shows & neo-natal death rate 5 per cent., and & pout-
natal rate 20 per cent., higher than in rural districts. The
coefficients of varietion of the neo-natal mortality rates teni.to
be slightly greater in towns than in rural districts, wherecs tic
varicblility in the post~natal death rate tends to diminish in
passing from rural districts to large towns.

TABLT 22. Coefficients of correlations between. the infant

deatihh rates and certain influential Tfactors iun
urban and rural districts.

Urban districts.; Rural disvricts
Neo~natal |Pogt-natal | Neo-natal | Post~-nutul
morvality |mortallity nortality postallity

Deavhl rate in .

Tenules 15-45 « 5060644070 07734043 0420544084 | 45874.007
Maternal mort-
ality rate e308+.093 | o34134.091 | 43854.003 | +5204.074
Puerperal sep~

sis decth rate| 40434.103 | #1514.100 | ,1804.10C | 572¢.02%
Maternel deatn

rate less

Sepsis e4404.083 | #3774.088 | ¢3814.050 | +4004.000
Rooug per ‘
person 652944074 | =e77544042  [aD1044075 [—e7404.040

Domestic ser-
vants per

i 100 popula- ,
botion, ~e5764.069 | 064844060 [e49744077 |=4629%,004

— .

The coefficients of correlation are given in Table z2.

From these it eppears that there are no great differences frou
tie rezults already found.
IiBLY 23, Goefficients of partial correlation.

(a) Urban districts.

T5ii58 = ,2204.097 754,59 = .5524.071
To5ias = .1424.100  T55.49 = .0844,102
T29.45 = —a3234.002 ’—59.45 ® ~32604.096
J1E2~R ral districts
2459 = ,0774.102 154,59 = .198+.099
T25.40 = ,2734.095 755,49 = 457,085
L:’:zi.% = —u3414.091 739,45 = -.454+.082

The/
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The coefficients of partial correlation, however,
(Pable 23) do show some distinet differences. Consider fivsd
the neo-natal death rates, in both urban and rural districts
there 1s a positive and significant correlation with the index
of environment, and these are of the same order of magnitude as
already found both for counties and county boroughs. Also in
both aggregates of districts the health of the mother shows no
significent relationship with the death rate at this period of
life, With the total maternal mortality rate, however, the
coefficient for rural districts is barely significant, and tlat
for urban districts, although positive, is, with regard tc its
probable error, quite insignificant. These results, therefore,
contrest with the previous findings. With the post-natal
death rabes, differences are also noticeable. In urban
districts =211 the coeffioienﬁs agree with what has already
been found, The index of maternal health shows the hishest
correlation, environment a smaller but apparently significunt
correlution, end the mortality rate of women in childbed no
relationship, In rural districts, on the other hand,
environment would seem to play a larger part than the health
of the mother, which shows a positive but statistically
insignificent correlation, whereas a definitely significant
Positive correlation is found with the maternal mortel ity
Tate in childbearing, A result similer to this was found for
tOunties, but when, instead of the total maternal mortallty,
the death rate from causes in childbed other than puerp eral
Sepsis was taken as the index of medical care of women in
Pregnancy and at childbirth, the final correlation became
losignificant, Consequently all the partiel correlations
have been recalculated in county boroughs amd in urban and

™ur al/




rural districts.,

TABLE 24,

There are given in Table 24.

Coefficients of partial correlation,

County Urban Rural
baroug s districts districts
Yaa.,79 .1914.072 | .1804.100 | ,083+.102
T27.49 221,071 | ,3784.088 | .2854.095
V25,47 ~e252$,070 | =43664.089 | =,3424,001
Yoa,75 04964.056 | 45404.073 | .2364.097
V37,49 00364074 | 024144097 | 432440092 ;,
V39,47 ~e3914.063 | —a2024.095 | ~u4364.083 ;

In county boroughs, it will be seen that no differcice
is made in any of the coefficients by substituting this second
index of medical care, In urban districts, the neo~nctal decuth

rate now shows a significant positive correlation with this

b

}

index, and the renaining two factors, environment and lealth ©
the mother, show no significant changes in their relationships.

With the post-natal death rate, the correlation with thls sec ul
intex of the quality of obstetrical supervision is greater tlan

thak found by using the total maternal mortality rate, althou i

1% s%111 does not reach the customery standard of significance.

In rural districts the correlations involving the neo-natal

A .

leeth rate do not differ substantially from the results alres”,

s

buit those involving the post-natal death raite show sSome

founa;

Slizh% change, The correlation with the measure of naternel
health has been raised, but not to any significemt degree; tuub
“ith enviromment remains unchanged; but the asscciation with dle
desth rate of females from childbed causes other than sepsis,
8lthoush somewhat lower than that which was found vi th the tolal
Baterna] mortality rate, is still quite significant with rewra
Yo itg probable errgr,L{Cqmpapingﬂthe’porrelations with thic

factor/




factor in the three aggregates of districts, there seens to be
a definite tendency for its value to increase as we pass fron
highly urbanised commnities to scattered rural districts. A
series of results such as this would, therefore, lead to the
suspicion that this index of the medical supervision of
pregnant eamd parturient women was also indicative of some other
factor influential_in infant life, It has been suggested
previously that, as this death rate is dependent on the
proxinity to medical care, a relationship such as this might
arise where, in any group of districts, a part of the death
rates Cepended on the rapidity with which coupetent medical
skill could be summoned, The trend of this series of
coefficients seems to be sufficiently definite to justify the
assumption that some such explanation may suffice, If it be
true, then it leads to the conclusion that in rural

courmunities there is some portion of the post-natal death

rate of infancy, due presumably to acute conditions, which
could be prevented by the timely arrival of medical assistance,
and that deaths such as these form an insignificant part of the
death rates in urban communities.

TiBLE 25, Coefficients of multiple coprelation.

rban Rural
R2.459 e 635 4.062 056844070
R5.459 0 7904.058 0 7494.045

The coefficients of multiple correlation for the two
death rates, neo-natal and post-nstal, in urban and rural
districts are given in Table 25, These agree very well both
With one amother and with those already found in counties a:d
tounty boroughs, the coefficients being in both instances
bigher for the post-natal than for the neo-natal mortality

Trateg/
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rates.

These results for widely different parts of the
country are so generally consistent one with amother, both with
regard to sign énd magnitude, that the inferences to be drawm
from them may be stated with a reasonable degree of assurarce,

(1) Ante-natal deaths, The ante~-natal death rate is definitely

asgocliated with the rates of mortality of mothers from causes

of death peculiar to childbearing. A reservation must, however,
be made in that the main single cause of maternal death,
puerperal sepsis, has no significant relationship with the death
rate at this period of infant life, The size of the correlation
between the two rates of mértality, however, 1s not of the order
of magnitude which would lead to the belief that this was the
ouly factor of importance in determining the height of the «t11l-
birth rate. Although the results seem to justify the hope that
the increased attention to mothers during pregnancy and both 2%
and o ter labour will be the means of reducing some causes o7
death of infants in ante-natal life, the actual saving of infunt
lifte ¢t this stage will, in proportion to the total, not be ver;
greats Further, so far as our data can be trusted, the heaitl
Of the mother and differences in environment or social status do
no%, vhen allowance has been made for variations in the child-
bearing mortality rates, appear to have any influence on the
81111-birth rate, Although there is a significant correlation
With naternal health, the partial correlation coefficients 50T

+ 1

“hat this is a secondary association due to the fact that botx

<

~

the ante-natal death rate and the general mortality of wamen of
Teproductive ages are related to the mortality rates of mothers
in childbearing. These results are in accord with the finding:
Of Bruce Murray (1924). The camparison of the weights and

lengths/
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lengths of the offspring of primiparous women in the pre-var,

war and post-war periods made by this author shiows that the
health snd nutrition of the mother during pregnancy has no effech
on the state of the nutrition of the infant at birth, and thas
"the foetus lives, like a true parasite, regardless of the
expense of the mother", It seems not unreasonable toconclude,
then, that extermal factors acting on the mother do not affect
the infant®s chance of survival prior to birth. The coefficient.
of multiple correlation show that the sum total effect of theue
three factors on the ante-natal death rate is not very large,

and leads to the conclusion that a large part of this death rute
would st1ill remain, even if it were possible to remove the
conditions which these indices measure, and which are prejuilicicl
$0 the survival of the foetus,

(2) Neo-natal deaths, The neo-natal death rate is slsa

significantly associated with the death rates of mothers in'
chilébearing, so that it seems justifiable to infer that soue
part of this early morg¢ality is within the scope of an ener giic
Obstetrical service, Further, our results show that at this
stage of life, changes in enviromment seem to be factors of
importonce in deternining the height of the mortality rate,
This Tinding would appear to be contrury to accepted opinioi.
Brend (1917), comparing the average death rates from nec-ncitul
Causes in various groups of social class, concludes that "tie
great bulk of these deaths are due to some obscure internal
derangenient of normal processes in the mother or infant which
¢ either independent of externel environment or are due o
Some factor or factors in the extermal environment equally
comnon among all classes under all circumstances." The figures
@oted by Brend do, however, show a rise in the neo-natal

mor ta 11 ty/
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mortality rates with descent in the social scale although tha
differcnces =re nbt very great. But, as the precent analysis
shows, the variations exhibited in the mortality at this period
of life are not nearly so wide as those shown by the post-netal
death rate. Comsequently, provided the correlations with

soclal status were egual, a simple comparison of the meun values
iIn difTerent groups of social classes will not show such strilin
differences with the neo-natal as with the post-natel mortality
rates. Our results show that, in spite of the low variabilit:

in the neo-natal mortality, these smaller variations are alumo:?’
&s lntimately connected with changes in the external enviromacn?
as gre the wider variations in the post-natal desth rates. The
only difference between the two is that for equal changes in
envivomment the neo-natal death rate will not show a recction s
extensive as will the post-natal death rate. That iz, althou
the correlations are almost équal, the coefficient of regreccion

on envircnment of the neo-natal rate is lower than thai of tn

[

bost-natal rate, That a relation such as this should exist zc
farly in infancy is by no means absurd. Bven if it be true

that at birth infants of all social classes are eyually lik-ly to
Survive if they could be placed under similar circumstances clftor
blrun it must be remembered that the infant hes suffered a
Sudden and complete change in its mode of existence. In uters,
all the rfunctions characteristic of extra-uterine life had been
berformed for it by the mother., Its food 1is pre-digested ani
tonveyed to the foetus in a form immediately available for
“¥similation, and aeration of its blood and the excretory
Processes are also carried out by the ;bcental circulagion cu?
10t by the foetal organs themselves. But examination of the

“miotic fluid has revealed traces of foetal urinary conmstitu:nte,

and/
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end in obstructed delivery meconium mey be passed from the Toebol
bowel, 50 that in all probability, at term, foetal developuzut
hes reached a stage when the organs are capable of performing
the funcvionz reguired of them in after-life. A comparisoir oy
the exira and intra-uterine environments, however, shows thutb
imediat:ly after birth a sudden difference occurs., In utero,
the foetus lies Dbathed in a fluid of almost uniform (body)
teuperature, whereas af birth it is expelled into a much colder
atuosyplicre, And it is obvious that the heat-regulating
uechanisin can have had no previous trial of its eflficiency, uc
seems to be possible with the heart, kidneys, and bowel, Thus-

1t does not seem uureasonable to suppose that ofle of the imporbuni
factors at this stage of life is the adequate conservation ol the
body heat of the new-born child., In this connection, some
results recorded by Louise McIlroy (1925) are of extreme interest
@ud importence in demonstrating the sensitiveness of the new-born
%o changes in environment. A series of bebies at birth were
cleaned with olive oil instead of by bathing, and it was Toun”
that these lost less weight after birth than did the infants wio
Were bathed in the ordinary manner. Bven better resulls were
found when, in addition to being oiled, the infant wa

.transferred to a cot with warm blankets and hot water bottlew.
These recults show that the loss of heat is an important
Consideration to the inrfant at birth. Thus 1t does 1104'; seei:
Liprobeble that, as our results show, differemces in the
€avironnent into which an infant is born may be of no small
liportance, The health and nutrition of the mother do not s=ai
%0 be factors of such great moment in determining the fate ol ike

Infant 4n this early stage of life. The coefficients of

"Wl¥iple correlation show that, together, these ithree factors cun

Only/




only account for 19 per cent, of the veriability in the neo-
natel retes of mortaelity. Here apain we must recognise the
existence of other fuctors than these determining the chance

of survival,

(3) Post-natal deaths. The causes of death in post-natal life

seern to be those which are most amenable to control by

adninis trative neasures or organised medical effort. At this
stege, the health of the mother takes precedence over envirocuwie:nsd,
whereas the effects of the obstetrical aid afforded to the

mothers in childbearing have by this time worn off, It has

also beern suggested, from a comparison of the results found for
large cities and scattered rural communities, that in the latter
there is a portion of the post-natal death rate, and this most
probably due to urgent condifions, whidy could be removed if

medical ascistance were more readily available,
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IV, THE CAUSES OF STILL-RITTH.

In the offidal reports of this country there is no
record of the causes of death emong still~born infants., Table
26 has, however, been prepared frou the admirable statistical
returns of the Netherlands to show the causes of ante-natd
deaths in that country., The figures are given separatsly for
males and females, and the rates of mortality per 1000 birtls
and the percentage fregquency of each of the causes of death are
given together, The births and deaths on which these rates
and frejuencies are based relate to the twelvs years 1911-22.
TABLE 26. Showing the proportional frequency of, and the

nortality rate per 10,000 live~births fron
several causes of still-birth in the Netherlands

1911-22,
Mortality Freguency
Male Female Male Female
Syphilis 0.58 0.64 1,44 1.81
Other zeneral diseases 0.85 0.79 2005 2ol
of the mother
Habit abortion 0.36 0,506 0.39 1l.01
Albuminuria 1.42 1.46 5,52 4408
Traunctism and prolonged| 0.28 0.25 0.70 0.69
labour
Placenta praevia 2,84 2 50Q 7604 701
Foetal deformities 2«48 2495 6o14 827
Premeture pirsh ! 7411 6,04 17.59 16,995
Difficult labvour I 4,76 D eBR 11.77 9,31
Torgion en? compression i 2080 2.04 092 5.71
of the umbilical cord
Foetul asphyxia 2430 1,95 Ee09 Ge4l
Unclassified causes 1,74 1,53 4451 4.26
Uilmowr causes 12,91 11,90 01e95 DD 60D
e e e .
All causes 404,42 535,70 {100,00 {100,00
-’-\—-—‘__‘

A grave objection which is most obvious in these
fiures is the large proportion of foetal deaths in whidh tlic
leeth 15 registered from an unknown cause. The defect is oue
Talel prevents accurate comparison with eny figures collected
from a nore accurate source, such as a hospital, in wlaich tLe
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examination of the dead-born foetus. The proportion of deuiiiz
from unknown causes in this series is probably the result of
the two factors: (1) that many of the women have not been zeen
by either a doctor or midwife before the infant was born, aud

(2) that postmortem examinations are seldou, i ever, carri-i

out in general practicea. If the defect in these figures viereo

~

solely due to the fact that in all these cases the mother hs?
not been attended until &fter the child was born, by
dlstrivuting these deafhs from unknown-causes to each of the
known cause groups according to the proportional frequency of
each of these, a fair degree of comparability between those
fisures and more accurate statistics might be obtained, Bust
since this is not the sole cause of such a proportion of
unknown deaths, this procedure must obviously by wholly
inaccurate, since it would amount to the assumption that &ll
causes of foetal death were equally easy to dlagnose - an
extremely improbable assumption. On the other hand, thece
Tigures are of some value as a general guide to the most
lnportant causes of foetal death in a random sample of the

total population. More accurate investigations, due to tzcs
selected nature of the material, normally afford a biassed

View of the reletive importance of certein causes of deaih,

The type of selection will depend on the source of the datea,
Hospital statistics would be weighted in favour of foetal

deeths from causes which at the same time endanger the liTe

Of the mother. Conseguently these causes which endanger ii:c
lives of both mother and foetus in ubero will be over-reursceni-

ed as causes of foetal death as compared with the frequeicy

pertaining/
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'ﬁertaining to'the seneral population~'whereas Toetal deatlis
;*ﬁL%dﬁe 5o conditions proper o the foetus, which cause nsitler
dlseuse in the mothe;, nor q1fflcult1es in dellvery from
dlsproportlon between.the presenting part and the maternzl
pelvis;.will be under~represented. That this is the case can
be shown by a comparison of the proportion of foetal deaths
from a compliCation such as torsion of, or pressure on the
‘umbilical cord, This condition will of itself cause no
difficulty to the mother, and consequently should be under -
represented in a hospital population of still-births, Iu 2
recent report by Hollemd and Lane~Claypon (1926}, in 41 ou?
of 1673 dead-born infents, the death was due primarily to
this complication, In the figures quoted here for the
Netherlands, 5219 of the total 81,773 still-births were ‘duc
%0 the same cause. In the former case the proportion,
therefore, is 2.45 per cent., in the latter 6,38 per ceni.,
that is more than double the proportion from this cause cre
found in the general population as compared with a selectcd
hospital population. The group comprising foetel defomiitice

oes offer the same grounds for comparison, because,

=
O
ot

£

LR - [l -3 +thoe
althoush meny of these are due to hydrocephalus and thz

obstruction resulting from the excessive slze of thes head in

- ]

meny instaunces causes interference with lzbour, otner
ieformities, such as congenital cardiac malfometions, wiil

cause no obsbruction to delivery; so that conmgenitul mal:

foruintions will only be included under causes of foetal

deeth which alse end%éer the life of the mother provided Tlv
“u excessive proportion of deformities are those causing

obsiruction to deliverye. Actually in the Netherlands

Statistics, the proportion due to foetal deformities 1is 7,08

per/
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per cente. whereas in the Report by Holland end Lane-Clayion
Beah Per cent. of the total still-births were frow thic caurie.
Table 27 has been quoted from these authors to shov
the differences between the Dutch figures and those collecied
in their extensive special enguiry., (The figures for Holland
relate to the years 1901-22,) The enormous excecs in the
hospitel series of such causes as placenta praevia, pelvic
malformations and malpresentations, which are conditions
obviously endangering both mother amd child, the correspond:
:ing defect of suckh conditions as pressure and torsion of
the cord, premazture lebour ani asphyxia at birth, which, «u
a rule, only encanger the child, support the suggestion tihut

the data are not really in pari materia . We should expect

such a difference of classification if the hospital data
really included an over-averape proportion of lebours in
which the mother's life was jeopardisec, and need not
attribute the whole of it to more accurate diagnosis, If

Ve ere to try to measure the advantage to be gained by the
foetus by careful supervision of the parturient during
Pregnancy and at laboury it 1s surely better to err on the
side of under rather than over-statement. Hence it is better
to estinate the proportion of avoidable causes of foetal
mortality on the basis of general populetion statistics,

faulsy

¥, no doubt, but not opemn to the suspiclon - as

Institutional records clearly are - that the relative
Trequency of factors endangering both mother and child is
Over-stated,

The total still=birth rate in Holland for the
twvelve years 1911-22 (irrespective of sex) is 3090 per 1000
live~births compared with a rate of 3.11 per 1000 live~bixzti:z
for England and Wales (1921-3). In view of the small

difference/
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difference in the ante-natal loss of life in the two
countries and in spite of the fact that there may be saue
international differences in the frequency of the several
causes of death, probably something of value is to be gained
from these Tigures and possibly the amelioration likely to

be effected by intensive prophylactic effortd on the part of
our national obstetrical services will be more conservatively
judged Trom these than froa the records of lying~-in
inctitutions. Table 26 shows that the ante-natal mortulity
of males 1is 13 per cent, greater than that ol females., TFor
individual cause groups, the greatest proportional excess in
the male death rate is in the group nqifficult lebour”, el
this is followed closely by the death rate froa pressure on

or torsion of the umbilical cord. The former group shovg

a death rate 43 per cent, higher in males than in fewmalec, tue

o}
=

c’

latter 37 per cent. excess in males. These figures might
taken as evidence in support of the view that the greater

size of the male head is & cause of some greater Gifficulty

—

in lebour than there is with a female birth. The other grougs

of causes of death in which such a factor might be revesaled
1s the relatively unimportent cause, "traumatism and prolonged

lebour™ in which, however, the male death rate is only 1o pev

D

~

cent, in excess of the female, The sole cause o death in

{
=

which Temales have & fairly large excess mortality is fr
foetal deformities, in vhich the male death rate 1s 16 per
cent. lower than the female, The doubtful figures for de:zvic
from syphilis give a rate 9 per cent., lower in males thean i
fenales; but, as fxg this country, probably little reliance
cen be placed on these figures.

With regard to the relative impartance of the

Causes/
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avh, leaving out of consideration the deaths fro..

=
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gLuse
unknowl causcs, premature birth claims the sreatest number ol
the deuths botlh in males and females, Difficult labour is
the second largest cause of death, and is followed close;y oL
placenta praeVia, and foetal deformities. Torsion and
coupression of the cord accounts for 6.4 per ceunt. of deuils,
and albuminuria for only 2.1 per cent, It will be seen e
thet many of the causes of foetal death are also important
causze of maternal death, and gives reason for the beliel

thek thie further extension of care to pregnant women will
result in benefit for both the mother and child. But 1if, cc
seems probable, the majority of the group of uninown causec
is not associated with maternal distress (if so they wauld
have been included under difficult lsbour or some similaw
category), and noting the large proportion of deaths Irou
premature birth snd foetal deformities, the latter being
entirely, the former in great measure, outwith human cont—ol,
it would appear that even with the best obstetrical servicss
in the world, a high ante-natal loss of life will always
remain, Hospital statistics in this connection are apt to
produce a too optimistic outlook, since, as has been showx,
these contain an undue proportion of foetal deabhs Trom
causes in which obstetrical supervision would benefit boih
mother and child, This results from the selected

population studied. But the figures given here afford rouson

Tor some scepticism as to the advantages to the foefus of

increasing attention to the mother.
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V - VISCERAL V.RIABILITY Iy FOETAL AND TNFANT

BRIV L

LI"=, AN“ ITS BDARING ON THE PRORLEM OF
MORTALITY,

TR AL SR S e S e T S Mt e e e e T T G e S et = . B = A s n Wee e B o

In wost statistical investigations of the mortaliti s
in infancy probably more éonsideration is given to the effects
of external factors acting on the infant than to the changes
which talie pluce in the infant itself as growth proceeds,
Brownlee (1917), from a study of the mortality rates at agec

rom virious causes of deaths in infancy andAchildhood, has

showw TLub these obey certvein definite laws, and his reoultc

serve to euphasise the importance of further exploration of

the changes in the physiological processes of the developin

child.

The biomettic constants Belating 10 man have in *he

bact been practically always confined to the adult period of

liZe, Visceral and skeletal measurenents and interrelationihip:c

a% this period are fairly well knownj; but until receunt yearo
little intercst seems to have been taken in the foetul and =uil;

infant stuges of life. Signs are not wanting, however, thai tin

lefect ip being appreciated. Holland (1928), in & part of hic

lnvestiation into the causes of foetal death, published dutba
Wlth resurd to the weights of five viscera, in addition to Lody
Velght and length and placental weight in a series of dead-buii

nfants collected from several lying-in hospitals. The total

Serles of 300 foetuses is divided into three set (L) foetuces
n state, (2) those born in a maceraied

condition, and (3) a small group of syphilitic Toetuses. Siuce

the sutolytic processes associated with maceration affect tlLe
Organ weights to varying degrees, depending for the most pori o
the enzyme content of the organ, end since such data can

throw/



throw no 1liglit on the anatomical differences in health cud
disease, the chort series of foeluses born and examined in tie
fresh state is only considered here.

(1) Visceral veriability in foetal life. A difficulty which

confronts eny investigation of this kind is thet amalysis can

only be carried out on the statistics of dead infants, and i% is
essential thet the statistical constants be compared with soue
control seriess Since we obviously cannot know What is the
degree of voriation in the viscera of living healthy foetusces wu
infents, an attempt must be made to obtain the closest
approximation to this. From the already short series of 143
fresh foetuses, 71 of these, in which the cause of death wus
prolonged iabour, instrumental delivery or torsion of or
on the cord, have been extracted as a presumably normal scier,
This selection is, of course, open to the objection that nout
of these causes of death are probably associated With mewst Sowse
pelvic deformity of the mother causing dystocia, so that the
selection may be one of a series of foetuses fron mothers viv.c

general health is below the average. But it ic the marect

approach to normality which can be extracted from the data,

and, if our previous results can be trusted, the health of “he
mother Joes not appear to be of any significant impariance in
lile of the infant at this stagee

The analysis of these data will be confined %o 2
discussion of (a) the relative variabilities in the foetal
Orgahs of the "™normal® end total series, (b) a compsrison of

foetal with asdult visceral variability, and (c) the differenccs

in the veriation of the sexes.

TABLE/
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PABLE 28. Showing the coefflclents of veriations for certain
- body chzracteristics of the Toetus
(a) "Normal" series, (b) Total series.

(a) "Normal" (pb) Total
Body weight 25,56 3le31
Body length 9.05 10,67
Thymus 43,79 47 432
Liver 33059 37062
Spleen 35643 56,48
Suprarenals 30665 41,47
Kidneys 30,24 _ 04479

(a) Table 28 contains the coefficients of variation in the
two series of foetuses., In the normal series the thymus 1s the

most veriable organ and the kidney the least variable. Body

weitht and body length show less variation than does any of tie

viscera, 1In the total series, the spleen takes precedence ovor
the thymus in variability, but the other orgen weights 5OV 0o
change in their position relative one to another. Comp ax i
the two series, it will be seen that in every.instance, the
variction is greater in the total than in the normal series.
The excess is more marked with body weight then with bO4y
length,  Amons the viscera, the spleen vrould appeer to be uvho

organ which suffers the createst change in disease at this

period of 1life. The suprarenal glands are ©lso greatly

affected, end the liver, kidneys, and thymus shovw the smallest

changes, There is, however, ai obvious objection to the wbove

comparison. Our normel series consists of foetuses which nuve

survived until full time and consequently &re all of

approxinabtzsly the same age, whereas the total series cousists

of foetuses who have reached a stage of viability but whose

ages Qiffer more widely (although not t0 a very greah degree).

S0 that we have been comparing two groups of foetuses in one

of which differences in age are S0 relatively small as to be

legligible, whereas in the other, differences in age may be of

great/




great importance, =ince in the few months precediin: full tinc,
the foesus 1is growing very rapidly. I Lhave therefore
proceeded a stage fTurther and calculated in both series the
coefficients of varietion for constant body weight ang length,.
This will rcwove as far as possible the limitations of the

previous comparison. The new coefficients arc collected in

Table 29,

TABLE 29, Showing the viscgral coefficients of variations for
constant body weight and length.

(a) "Normal" (b) Total

Thymus 3De406 40,39
Liver 19,61 20,16
Spleen 28672 52.88
Suprarenals 29e41 05. 63
Kidneys 26480 26.78

Except in kidney weights, the normal series still shows a lecs

degree of variability than does the total series, It will

also be seen that the liver is not affected to any significant
extent in passing from a normal to a diseased population of

Toetuses, Further, the spleen still shows the greatest

reaction in diseases The two ductless glands, thymus anc

suprarenals, are affected approximately to the same degrie,

Showing the coefficients of variation in "hecltny”

DABLT 30,
o 1 "hospital® populations (adulis)

and
(a) Healthy (b) Hos_itel
Liver 14,82 §%°é§
Spleen 3842 50.5C
Kgdneys 16,80 24465
Body welght 19,57 -
Body length 5699 T
Heart 17,71 33609

-
E,

(b) The verisbility in the viscera of foetuse:
RoW be compared with the following table (Table 50) frou
Pearl (1905) showing the coefficients of variction in the
adult "healtny" and "hospital" populations. 1In all the

comparable data it will be noted that the foetal orgens sLuw
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a much wider range relatively than do all the organs of
healthy adults, except the spleen. From this table also we
see that, in comparing a healthy and @ diseased population,

\,‘the differences in variability produced by disease in adult

. life are much gfeater than are those found in the two foetal

series given here. Sinqe chronic diseases affect the organs
to a greater extent than acutely fatal illnesses, we must
conclude either that diseases affeéting the foetus in utero
are rapidly fatal conditions which allow but little time for
the production of gross changes in the organs, or that the
foetus is already in such an unstable concition physicelly
thet any untoward circumstance of however slight a character
rapidly upsets the normal processes.

The results of the ebove comparison, therefore, lead
%0 the conclus ions that the foetal viscera are extremely'
variable both in health and disease; that disease affects the
foetal organs to a less extent than does disease in adult life,
and that to judge by analogy, foetal death from disease occurs
Very rapidly,

IABLE 31, Showing the coefficients of variation for the sexes
in the total series of foetuses.

Male Female
Body weight 34673 24,38
Body length 11.50 8,99
Thymus 53,07 41.06
Liver 38643 31.93
Spleen 63,42 34,89
Suprarenals 40,54 40,35
Kidneys 35.38 33475

(c) The coefficients of variation for the sexes are given in
Table 31, These show that the male foetus in every instance
€Xceeds the female in variability and, although here again
the differences are small, the uniformity in the series is
Sufficiently striking to warrant the conclusion that the nale

8% this stage of life is really the more variable, Pearson

(1897)/
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(1897) has shown that in adult life the female is slightly
more variable than the male, and this he atbtributes to a
relatively less intense struggle for existence. This
explanation is obviously insufficient to account for
differences in variability in intra-uterine life where any
struggle for existence must be shared equally by the two
sexes, The extremely high variability of both sexes in
foetal 1ife, however, can probably be explained én this
assumption, Before birth, the foetus is a parasite, not
depending on its own organs for carrying ouf the functions
required of them in post-natal life, so that the organism
has little need of them at this early stage, and it would
appear "that each organ has a life and growth of its own,
irrespective of the needs of the organism as a whole”. The
lack of any.strqggle for existence, therefore, would appear
to be reflected on the physical characters of the foetal

viscera,

(2) Visceral variability in infancy. From data collected by

Professor Turnbull in the Pathological Department of the
London Hospital, and to which I have been allowed access, a
series of coefficiénts of varistion have been calculated for
certain organ weights and for body weight and length in the
Tirst year of life to show the changes that occur during this
period, The data available are insufficient 1o extract from
them a "healthy"™ series at each of the ages under one year, soO

that the vast majority of these infants have died from some

disease processes. Still the short comparison which 1t has

been possible to make reveals certain points of interest.

TABLE/
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TABLE 3% o Showing the coefficients of variation for certain
- characters at several age periods in infant life.

(e) Males
ynded 1| 1 week- 1-53 BB 6=9 9 =12
week 1 month | months| months months | months

Body weight 3l.34 34445 30,44 | 284,79 29,59 27.89

'Body length 9.3 8410 9.19 Be56 8e62 9,27
Hear?t 40,35 47,31 40,35 | 35,58 | 32,67 32 467
Spleen 70,51 91,21 82,83 63637 76,89 52,02
Kidneys 40,48 50,86 42,64 36,86 31.91 294095
Thymus 61.88 74,77 |102.51 | 98.98 85,42 78.79

(b) Females
Body weight 32 699 28,96 26,84 31690 5% e 04 25.43

Body length 9.48 9,36 9.16 9,18 9456 8047
Heart 51.90 43,66 46,91 | 42.21 | 33.90 31.90
Spleen 52468 73,79 |105.45 76,54 | 59.99 57,02
Kidneys 52484 45,49 49,71 | 42.66 | 33.97 26425
Thymus 59.05 74e43 87.61 | 83.91 | 85.22 88,01

The coefficients of variation are given in Table %%
In nearly every instance the coefficients are lower both in males
end females in the first age period (foetuses and deaths under
one week) than in the immediately subsequent group. The values

given for this early age compare reasonably well with the values

given already for male and female foetusec. After the first week,

the variability shows a general tendency to decline as the infant

grows up. Irregularities jn some of the age groups are apparent,

especially with the thymus and less so with the spleen, but the

variability at the end of the first year of 1life has become

definitely less than it was in the fipst month with the other

orgens, And further, when 1% is remembered that the older the

infent the greater is the chance of death from some chronic

condition, and therefore that, other things being equal the

Variability should increase with ege in this set of data, it

would be even more likely thalb the decrease 85 represented by

these figures is smaller than wha¥b sotually does occur. With

regard to the lower variability in e sirst week of life as

Qompared/
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compared with later ages, it is in all probabllity not a real
phenomenon because all of these deaths are from accidents‘of
birth, and consequently these cases really represent a more or
less "healthy" population, so that the series of foetal deaths
and deaths under one week are not really comparable with those
occurring later in infancy, which are due chiefly to broncho-
pneumonia or gastro-enteritis. In this series no constant
differences in the sexes can be demonstrated.

From the foregoing analysis, then, it may be
ooncluded that the variatioms in infent viscera tend to become
smaller as age advances., Under a given environment, high
veriability is likely to be indicative of instability, and
Greenwood (1904), from his comparison of the viscera in
diseased and normal adults, has shown that this is typical
of the diseased state in adult life., To this it seems
Justifiable now to add that high variability is also
characteristic of certain phases of life, diseased conditions
entirely apart, Instability in this sense is apparently
Present at puberty. It is also a feature in ante-natal life
in which the male is probably more unstable tham the female.
In infancy, too, instability is evident, and, as the infant

continues to grow, part of this wears off gradually.
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VI, = INFANT MORTALITY AND ECONOMIC STATUS:
A NEW METHOD OF ASSESSING AND ELIMINATING
THE INFLUENCE OF THIS FACTOR ON RATES OF
MORTALITY,

When we desire to measure the effect upon the death
rate of some possible or probable factor we always seek to
neutralise any other variable factor the influence of which,
however intrinsically important, is not relevant to the object
of the immediate inguiry. Thus if we are for the moment
interested in the influence of occupation upon mortality we
should seek to allow for the fact that the age distributions
of workers in different occupations vary much, because we know
that age is a predominant factor of mortality and that
variations of age might mask any other difference. Many
expedients have been devised for this end, and each has its
advantages and disadvantages.

A much used method, rejoicing in the formidable title
of the method of Indirect Standardisation, may be simply
illustrafed. Let us suppose a simple dichotomy of the
Population into A's and B's, and that the average death rate
of the A's is twice that of the B's, say 20 per 1,000 and 10
ber 1,000 respectively for all the A's and B's of the
Population, without regard to their occupations, place of
residence or any other matters. We now wish to study the
effect of, say, occupation upon mortality and we find that the
Proportions of A's &0 Bts vary from occupation to occupation
and that in each occupation we can measure the ratio of all
deaths to population but not distinguish between the deaths of
A's anq deaths of B's although we can distinguish between the
Slumerated A's and B's at a recent census. Then we might

Proceed/
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proceed in this way. Ve might take as a t*standardt® a

- population with 50 per cent. each of A's and B's which, by

‘hypothesis, would have a death rate of 15 per 1,000. Now suppose

we have two occﬁpations in one of which the proportion of Ats is
25 per cent., and in the other it is 75 per cent. and that in one
the death rate is 12 per 1,000 and in the other 18 per 1,000, Ve
should expect the former group to have a lower death rate,
whatever the effect of occupation on mortality may be, because it
contains a much smaller proportion of A's who, under average
conditions, have a higher rate of mortality than Bfs. Is it
reasonable to attribute all the difference to this circumstance?
Let us suppose that in each district the rates of mortality were
exactly average and the gross difference wholly due to a change
in the proportions of A's. In the first gioup we should expect

a death rate of 0.25 x 20 - 0,75 x 10 = 12,5 per 1,000 instead of
15 per 1,000, and in the second group we should expect a death
rate of 0,75 x 20 = 0,25 x 10 = 17,5 per 1,000 instead of 15 per
1,000 the gross rate when A's and B's are equal in number. We
thus see that the group rates actually found, 12 and 18, are not
exactly what they would have been had the assumption been

correct, but we also see that this factor might so nearly account
for the observed difference that it would not be semsible to
compare 12 and 18 as if the varying proportions of A's could be
heglected, What shall we do? An obvious suggestion is to
mltiply the observed rates by factors which would make the
resultants exactly the same if the differences were entirely due
o warying proportions of A's. The required factors are 15/12,.5
and 15/17,5 respectively, ise. 1lo2 and 0.8571. Multiplying the
Observed rates 12 and 18 by these factors we reach 14.4 and 15.4
8s values which, on our hypothesis are reasonably comparable as

2
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neasures of contrasting factors other than the varying
proportions of Ats,

The most serious assumption involved in this process-
from the point of view of medical-statistical interpretation - is
that, in different groups the relative mortalities of A's and B's
should be the same., It is easy to imagine cases where the
assumption is absurd, Thus suppose our A's were soldiers and
our B*'s civilians and that a *little war®' was on, and one of
our groups was in the fighting zone. The method of correction
would go a very little way towards freeing the geographical
comparison from the effects of varying proportions of A's and B's,
because if it was really a very little war, its effect upon the
standard rates of mortality for all soldiers and civilians would
be very small., Nevertheless, the me thod is a valuable one and
has been widely used to eliminate variations of age constitution
in population groups it is desired to compare. The object of the
present section of the study is to illustrate its use in another
demographic field.

We know that economic status is a factor of mortality -
wvhether directly or indirectly 1is a question which does not now

arise - and we know that the rate of Infant Hortality seems to be

Particularly sensitive to wvariations of economic well-being. Ve
know also that the proportions of *rich' and 'poor' vary greatly
in different administrative areas, If we adjust the local rates
of infant mortality by the method described above, do we
appreciably reduce the inter-local variation? The recent
Publication of the Registrar~-General's Decennial Supplément

(Part IT) relating to occupational mortality, fertility end
infant mortality has made it possible to answer that question.
The objects of the present note are (1) to describe a simple

method/
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method by which such a correcting factor for differences in

social position may be obtained, and (2) to ascertain (a) how farJ

when such correction is made, the variation observed in the rates

of infant mortality in a sample of districts will be reduced,
and (b) whether the position of the several districts in
respect of mortality is altered by such a correction.

(1) Method of correcting for variations in social status: From

Table H of the report referred to previously, the number of
births and the number of deaths from various causes or cause
groups of infants under one year of age can be obtained for
each of the five social classes recognised in these official
reports. (These are classes I, III and V consisting of the

upper and middle classes, skilled workers and unskilled workers

respectively, and groups II and IV intermediate between I and

ITT and ITI and V respectively). From these data the rates of

mortality per million births are calculated, and comparative
mortality figures (C.M.F.) for each disease group then obtained
by expressing the death rates pertaining to the legitimate

births of each of the classes as a fraction of that of all

legitimate births in England end Wales. (The data refer to

the single year, 1921.) In Table 33 , these are presented

for all the causes of infant death supplied by the report.
The varying degrees to which economic conditions affect the

several cguses of death in infancy are thus clearly

demonstrated. They range from cases where the higher the

social class the higher the rate of mortality, e.g. injury

at birth, through a point of indifference in the group

congenital malformetions, to an immense advantage for the more

Prosperous classes in such groups as the common infectious

diseases, bronchitis end pneumonia, syphilis and infantile
. e A T owaiuion
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diarrhoea, Discussion of the reasons for these differences
will not be attempted here.

The male inhabitants of the district to be consider:
ted must now be distributed into the five social groups of
oceupation, Information relative to the occupations of the
male population is obtained froum the Census reports, in which
the occupations of males aged 12 yearé and over are given for
individual districts; and combined with table A, column 7 of
the Occupational Mortality Report, which gives the recognised
social rank of each occupation, we are enabled to obtain the
social distribution of each district. The further procedure,
which is only an elaboration of my hypothetical example of A's
and B's is mede more intelligible by reference to the example
given on Table 34, where the case of the lMetropolitan Borough

of Hampstead is considered,

TABLE 34, BExample of method of correction for social status,
Metropolitan Borough of Hampstead,

Social class Population Weights Weighted
populat ion. B

I 2686 4847 1301,9042

II ' 8523 « 6998 5964 ,3954
IIT 8433 09708 8186,7564
Iv 1789 1.1295 2020,6755

.V 1603 1,2264 1965,9192
23034 1.9439,6507

'23034,0000 = 1,1849

Correcting factor = 16450 6507
Crude infant mortality rate (1921-3) = 55,3 per 1,000

births.
Corrected infant mortality rate (19281-3) = 55.3 x 1,1849 =

65,5 per 1,000 births,
The comparative mortality figures for total infant mortality
are shown in the third' column of this tsable, The adult male

populat ion/
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population of the borough, enumerated at the Census of 1921 in
each of the five 8ocial classes (column 2) must now be
multiplied by their appropriate C.M.F., and these weighted
populations (column 4) summed., It will be apparent, & priori,
that in any district having a social distribution exactly
similar to that of the country as a whole, the sum of the
weighted populations must be equal to the actual numbers
enumerated at the Census., If, however, the proportion of males
classified to groups I and II be in excess of that pertaining
to England and Wales (and the remaining social groups
correspondingly in defect) the sum of the weighted population
will be smaller than that actually enumerated. Conversely, a
population relatively defective in males of the upper classes
will have a weighted population in excess of that enumerated.
To obtain the correcting factor for any disease group, then,
the actually enumerated population must be divided by the sum
of the socially-weighted population. The factor thus obtained,
When in excess or defect of unity, denotes the existence in the
district under consideration of a population constituted with
respect to infant mortality (or any of its components)
favourably ar adversely respectively compared with the country
as a whole (the *'standard! population)., The crude rate of
mortality in each district, stated per 1,000 births, is now
miltiplied by its correcting factor for social status, and we
thus obtain a distribution of mortality rates for a series of
districts for which variation of economic distribution have
been stabilised, so far as the method permits this to be done.
From the example furnished by Hampstead (table 34) we see, as is
well known fran other considerations, that this borough is well
above the average social level, end that, reduced to the status

of/
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of the standard population, the rate of infant mortality would
be 18.5 per cent. above that actually recorded, i.e, & rate of
65.5 compared with the crude rate of 55,3 per 1,000 births.

(22) Reduction in variability of the rates of infant mortality:

For the purpose of testing how much closer to one another the
rates of mortality would be in a given set of districts if the
effect of varying economic status among them be eliminated, the
ideal sample of districts chosen for investigation would be one
in which as many as possible of the other factors influencing
the rates of mortality in infancy could be deemed sensibly
constant. From this point of view, the lletropoliftan Boroushs of
London form as near an approach to the desired sample as it is
possible to obftain in this country. They are all essentially
urban in character, the type of housing (as opposed to the
amount of accommodation available) varies little, and
geographical and climatic influences may be presumed constant
for all, These therefore have been chosen for this investigation.
Correcting factors have been calculated, as described above, for
each Borough for total infant mortality and for several groups

of diseases; and comparison has been made between the
conventional mortality rates and those found after correction

for social status has been applied. Table 35 presents a contrast
between the mortality experienced by the socially best and worst
boroughs in the group, namely Hampstead and Poplar. In the
triennium 1921-3, Poplar showed & rate from all causes under one
year 35 per cent. in excess of that obtaining in Hampstead, but
when allowance is made for the wide divergence in the social
level of thesa@ two districts, this excess is reduced to 8 per
cent, Similarly in the chief cause groups of death considered,
much of the original difference between the two is effectively,

R e
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or, in thé case of diarrhoea and enteritis, completely
eliminated.  These figures suffice to show that in isolated
instances we afe able tb effect a great reduction in the range
of the mortality rates when suitable corréction is applied for
economic divergences. |

But the real problem is a more generalised one., What
in bulk is the difference im the amount of dispersion in the
rates of mortality when correction is or is not made for social
differences? Do we, in fact, after much correction tend to
reduce all districts to a mortality experience sensibly equal?
The only suitable statistical measure for furnishing an answer
to such questions is‘thevcoefficient of variation, & constant
which expresses the absolute variation in terms of the mean -
value of the rates of mortality. These, with their probable
errors are given in table 36,

TABLE 36, Coefficients of wvariation
(Metropolitan boroughs).

Crude rates, Corrected rates.

Congenital debility 11.09 £ 1.01 9.32 3 0,84
etc,

Diarrhoea and 27.05 4 2461 24465 4 2434
Enteritis

Bronchitis and 29,06 ¢ 2. & 25,55 4 2444
pneumonia

Infectious diseases 3le79 4 3.14 28495 ¢ 2.82

Tuberculosis (all 39462 4 4409 38,11 + 3,90
forns)

Infant mortality 14.99 % 1.38 12,58 ¢ 1l.15

Prom these results it is clear that although in every group the
variability is slightly reduced, in not one instance is it
pPossible to attach statistical significance to the difference
found. Thus in this sampled population, the tendency towards

a levelling of the rates of mortality is a very slight one,

Moreover, when we recollect that the various disease groups

considered/
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cbnsidéred'here are affected in different degrees by the
conditions pertaining to'differences in social status (as

Table 33 readily shows), no evidence is contained in these
figures that the differences in the dispersion of each of these
rates would be eliminated if we considered only districts of
the same level socially. Stated otherwise, the death rate Trom
all forms of tuberculosis varies much more from place to place
then, for example, that from congenital debility, and this
greater variation is not at all because tuberculosis is more
closely related than is congenital debility to sociel and
economic factors.

(8b) Alteration in the relative position of the districts:

The 28 boroughs have been ranged in order from the lowezt to

the highest with regard to both the crude and corrected rates
of infant mortality from all céuses and from separate cause- -
groups, Correlations have then been deduced between the rank
which each borough occupies in the distrivution of crude and

corrected rates., These are collected in table 37,

TABLE 37, Coefficients of correlation
(Metropolitan boroughs).

et

Infant mortality 0,951
Infectious diseases 0.970
Tuberculosis 0.992
Diarrhoea 0.945
Congenital debility 0.953
Bronchitis and pneunonis 0.978

It is &t once clear from the magnitude of these coeffiziznt:z
thet no great change has been effected in the posiiion of ihe
boroushs generally. Those whichk originally occupisd fzvourzule
positions have gtill, sfter elimineting economic verlations,
the more desirsvle rsnke. The mozt noteworthy dirferesuces,
which, 1t will be seen, are by no means very greas, need om -

be sumarised, The two fimures efter each borough mentions=:

relate/
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relate to the position occupied when crude and corrected rates

respectively are considered,

‘A1l causes. Finsbury (23, 18); Poplar (17, 10); Hempstead
| (2, 6); Holborn (20, 24); Greenwich (8, 4);
St. Marylebone (12, 16).

Common infectious diseases: Finsbury (13, 9); Poplar (16, 11);

Wandsworth (9, 13).

Tuberculosis¢ Hampstead (5, 8).

Diarrhoea and enteritis: Bermondsey (21, 15); Finsbury (18,13);

Poplar (11, 5); Hampstead (2, 9); Holborn (15,21).

Concenital debility: Hampstead (2, 8); Poplar (23, 17).

Bronchitis and pneumonia: Poplar (21, 15).

Are we entitled to infer fron these results that economic
status has little intrinsic influence upon rates of mortality,
or -~ %o put it more bluntly -~ that if Mr, Bernard Shaw's ideal
were realised and all family units enjoyed. the same incomes,
the variability of rates of infant mortality of the London |
boroughs would be much what they are now? I pointed out at the
beginning that this method of standardisation rests upon an
assumption which may lead us into error. Until I have had an
Opportunity of applying it more widely = it can obviously, now
that we have the rich harvest of results contained in the new
Decennial Supplement, be used to standardise mortelity in all
0r any cause groups of death - I prefer to draw no more definite
conelus ion than that, in spite of the great contrasts between
the rates of mortality of different economic groups, standard:
iisation for economic status does not reduce variability so
mich as seemed.g_priori probable.,

These findings, it should be pointed out, are in no
Way inconsistent with those alreédy given (Section III), There
1t was shown that infant mortality (excluding the ante-natal

death/
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death rate) was significantly correlated with various measures

" of housing conditions and economic status; but if from these

correlation results we deduce the statistical constant

equivalent to what the process described in this section is
measuring (namely, the reduction in variability of the rates
of mortality which is effected by eliminating differences in

housing and economic conditions) then the results are in great

measure consistent one with another. The s imple procedure

outlined in this section, moreover, provides a rapid and

(so far as any general measure of poverty available in official
statistics is concerned) an accurate measure designed to free
rates of mortality from the disturbing effects of differences
in the economic position of the districts investigated. Its
utility and importance in future statistical inquiries is

thus comparable with thatAfollowing the introduction into

vital statistics of methods of correcting déath rates for

differences in age distribution of the population,
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VIII - SUMMARY AND CONCLUSIONS.

In the present study the chief aim has been to
inquire into the causes of the decline in the nortality of
infants and to assess the relative impartanée of several
influential factors at different periods of infant life
(includingythe énte—natal). The chief findings may now be
sunmar ised, |

In Part II it has been shown by an analysis of the
changes in the course followed by the sebarate causes of infant
death that the decline in mortality has practically been
restrebted to post-natal causes. The gastro-enteric infections,
diarrhoea and abdominal tuberculosis, have shown the greatest
relative decrease, Other causes in which a sensible
amelioration has been shown are: overlying, measles, atrophy,
debility and marasmus and infantile convulsions. Whooping
cough, syphilis, bronchitis and pneumonia, premature birth
and still=births have shown no tendency in the period under
review to decline, whereas congenital malformations and injury
at birth have definitely increased in frequency. No change
of any importance could be demonstrated in the secular
movement of the rate of maternal mortality (which in view of
its relafions to foetal and infant mortality has been subjected
to analysis for the sake of campleteness). The possible causes
of the decline were then discussed, and the evidence subnitted
makes it probable that more adequate and more intslligﬁnt

maternal csre bestowed on the infant can best explain the

changes in mortality found., Although it was admitted that

administrative measures may have exerted an indirect (but
certainly no direct) influence, there is much room for

scepticism as to the part played by these in the improvement of

the/
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the infant death rate, and there is no evidence derivable Trom
mortality statistics that the decline in infent mortality and
the increase in welfare work etc. are cansélly—related phenomena,
The most simple interﬁretation, and the one which we suggest as
the most probable, is that the decline in the birth rate,
probahbly due in great measure to deliberate restriction of +the
size of the family to a desirel number, is iﬂ part of the
expression of a praiseworthy attempt on the part of the parents
to provide the family with the best prospect of survival and
success in l1life.

Part III ¢omtains the results of a study of the
mortalivy data in different areas of England and Wales in the
most recent available period., Here it was shown that the still-
birth rate is definitely related to indices of the availability
of skilled medical assistance in confiﬁement, but unrelated to
external envirommental conditions (housing and econonic
circumstances) and the health of the mother. The total effect
of all of these three possibly influential factors will only
account for a small fraction of the total number of still-births;
and here the conclusion was advanced that the greater
Proportion of foetal deaths ere not amensble to preventive
measures‘in the present state of medical knowledge. (?his is
supported by the evidence of Part IV) Noe-netal deaths also show
definite association with weriations in the provision of skilled
nedical assistance, indicating the probability that a substantial
Proporﬁion of these deaths is within the scope of a more energetic
Obstetrical service. These deaths, moreover, contrary to general
Opinion, are definitely influenced by envirommental conditions.,
The mortality at this period of life was found to be appreciably

heavier in families in low economic circumstances and living

under/
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under conditions of overcrowding., The health of the mother
could not be shown to be a factor of much imporfance to the
infant at this early age. Here again, horever, we cannot
account for this neo-natel death rate wholly in terms of even
ell of these factors, and Wé submit that at least part of the
remainder is at present ﬁncontrollable. The post-natal deeth
rate, even at 1ts present low level, is the part of infant
mortality to which we can still lodk for the greatest relative
~improvement. The health of the mother, we have been led to
conclude, is of more importance than are differences in the
less intimate surroundings of the infant, The great ﬁart of
the mortality in post-natal life we have found to be explicable
in terms of the more pormonly recognised influential factors.
The causes of still-birth have been submitted to
scrutiny in Part IV. The major causes in a random sample of the
general population are developmental defects, unknowvm causes and
prematuritye. A point of importance, hitherto entirely overlooked,
is thet hospital statistics produce a far too optimistic outloolk
in this connection. The very nature of the hospital population
will make it evident that those causes of still-birth in which
the lives of both mother and foetus are endangered will be over-
represented in frequency compared with the true frequency in a
general population of childbearing women. Thus when we attempt to
estimate the amelioration to the still~birth rate which is likely
t0o be effected by more intense ante-natal and natal supervision
and treatment of the mother, statistics from a hospital teken at

their face value will lead us to expect a greater improvement

than cen possibly heppen. The claims put forward as to the value

of pygch methods, being too optimistic on this basis, will not be

Justified by future experience and mey ultimately lead o en

Otherwise/
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otherwise extremely efficacious measure being brought into
disrepute. The majority of still-births are at present outwith
human control. '

Part V contains the fesults of a study of the
statistic@® - anatomical features of foetuses and infants. The
Weighfs of five viscera in addition to body'weight.and length orf
a series of foetuses and of infants who had died in the first
year of life have been subjected to analysis; and from this we
~have been able to show that the foetus is physically in a state
of extreme instability, that the conditions which kill in utero
are rapidly fatal, and that the male is more unstable then the
female., During the first year of life this instability (as
evidenced by visceral veriatim) tends to wear off gradually;

so that some time is obviously necessary for the foetus to adapt

- .

itself to its entirely new mode of exiétence after birth., This
physical state of unstable equilibrium in foetal and early
infant life has been suggested as a further reason for the
higher mortalities at these than at later years of childhood
because of the greater ease with which adverse circumstances

may upset a bodily mechanism, the parts of which are not yet

fully coordinated.

Finally in Part VI is desoribed a method for
standardising rates of infant mortality for differences in the
social énd econonic level of any series of districts. This
provides us with an easily calculated and accurate arithmetic
measure of how far any given difference from the average
economic position will affect the rate of mortality; and by
multiplying the crude death rates by the correcting factors
found by the method suggested we reach rates from which the

effects of the social and economic factor are eliminated.

Applied/
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Applied to the statistics of the metropolitan boroughs we have
shown actually how much snaller than is generally believed is
the quantitative effect on rates of mortality of differences
from the average economic position. The scope énd advantages
of the method have been set out in detail in the text.

In a sense, then, the conclusions to be derived from
these researches are pessimistic. A great proportion of still-
births and a somewhat smaller pr0portibn of neo-natal deaths
are not amenable to the measures generally advised. More
thorough research into deaths especially from ill-defined and
unknown causes but alsc into the causes. and prevention of
prematurity seems to be urgently called for., A certain
proportion of deaths in early infant 1life are amenable to
obstetric control, a smaller proportion should react to efficient
ante-natal care; but little can be hoped for from improvements
in the general surroundings (housing and economic) to which the
mother is exposed during pregnancy, nor have we any reason to
hope that the improvements now taking place in the general
health of mothers will react‘favourably on the ante-natal death
rate., Later in infent life, mortality can be furtherreduced
by improvements in housing conditions, economic circumstances,
parental health aﬁd, above all, maternal care, The
administrative measures designed to effect such improvements
are as yet in their infancy. With further extension.of and
cooperation between the various medical services, the outlook

at this period of life in respect of mortality is comforting.
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Vil APPENDIX NOTES.

l. Regression coefficient: A coefficient of regression may be
regarded as a veloecity - the raté of change per unit of
time. In the case to which it is applied in this sfudy
(the decline in infant mortality), the coefficient
represents a percentage decrease (or increase) in

mortality from any cause per annum.

2; Coefficient of Correlation: For the non-statistical reader

a ¢oefficient of correlation may be regarded simply as an
arithmetic measure of the degree of association between

two variables. The values can range from 0 (in which case
the two variables are said to be independent of one another)
to 21 (in which case the variables are perfectly, i.e.
causally related). Most of the values found are intermediate
between O and 1; but the nearer to unity, the closer is the -
degree of association. A positive éign indicates that as
one of the variables increases in value, the associated

one also tends, on the average, to increase; a negative
coefficient means that as one variable increases, the other

tends, on the average, to decrease.

3. Coefficient of Partial Correlation: This is a measure used

when more than two variables are considered and we desire
t0o measure the closeness of association between any two of
them apart from any indirect assoclation which:might be
introduced by reason of these being both correlated with
the remaining ones., For example, if we denote infant
mortality by 1, maternal health by 2 and housing conditions
by 3, we know that mortality is related to both health of

mother and housing conditions and that matermal health is

also/
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also related to housing conditions. We may then wish %o
find‘what is the association between infant mortality and
the health of the mother in a .'sample in which there were
no differences of housing conditions. This can be found

by determining the partial correlation, which in this

case would be denoted by 7;23

4, Coefficient of Multiple Correlation: If we find that

(€ege) inTant mortality is related to several individual
factors, say as before, health of mother and housing
conditions, we desire to know what is the quantitative
degree of association between infant martality énd both
of these otherA variables. Statistically this is measured
by a coefficient of multiple correlation, and would be

denoted in the above example by RI.ZB,
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