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Kingdom noted the association be-
tween low birth weight and low
social class. Baird8'9 took a wide view
of the mother's reproductive effi-
ciency as being greatly influenced
by the quality of her environment
from birth to maturity, and he attri-
buted the high prevalence of still-
births and premature labour in the
low social classes to the poor health
and nutrition of the mother. He
considered that the high neonatal
mortality in the lower social classes
was largely due to the high propor-
tion of infants of low birth weight.
Drillien'0 found that the social class
into which a woman marries has
only a very minor influence on her
chance of having a premature baby
compared with the class in which
she was born and brought up (i.e.,
that of her father). An association
was even found between risk of
prematurity and unemployment of
the grandfather. On the other hand,
Douglas," from a national survey of
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Table I-Infant mortality in British Columbia by birth weight (data for weighed infants only)

Birth weight (g)

Variable <2000 2001-2500 > 2500 Total

1958
No. of live births 802 1750 36 748 39 300
Total no. of deaths in
first year of life 347 118 507 972

Infant mortality (%) 43.3 6.7 1.4 2.5
1966
No.oflivebirths 811 1506 30512 32829
Total no. of deaths in
first year of life 324 90 335 749

Infant mortality (%) 40.0 6.0 1.1 2.3
1977
No. of live births 732 1422 34 717 36871
Total no. of deaths in
first year of life 203 53 233 489

Infant mortality (%) 27.7 3.7 0.7 1.3



more than 13 000 singleton births in
Britain, considered that social class
differences in the risk of premature
delivery were present but relatively
unimportant. He found abnormally
high rates of premature births only
in two well defined groups of work-
ing-class women, namely primiparas
aged 20 years or less and multiparas
with closely spaced pregnancies.

Categories of low-birth-weight
infants

In 1948 the World Health Assem-
bly designated children who were
born weighing 2500 g or less as
immature" and further stated that

a liveborn infant with a period of
gestation of less than 37 weeks or
specified as "premature" may be
considered as the equivalent of an
immature infant.'2 This almost syn-
onymous use of the terms "imma-
ture" and "premature" led to con-
siderable confusion. Drillien'0 was

one of the first to note that one half
of "premature" infants born to pri-
miparous women and one third of
those born to women in the high-
parity group had a gestation period
of 38 weeks or longer. She conclud-
ed that babies classed as premature
on a weight basis were a mixture of
two categories, early and small. The
mothers of small babies were signifi-
cantly shorter than those of early
babies. Liability to early delivery
was related to the social class of
upbringing and not at all to stature,
whereas liability to produce a small
baby at term was affected about
equally by social class and maternal
stature. In general the proportion of
underweight children born at term
was found to be higher in the lower
socioeconomic groups and in devel-
oping countries. Accordingly, in
1961 the expert committee on ma-
ternal and child health established
by the World Health Organization'3
recommended that babies weighing

2500 g or less should no longer all
be referred to as being "premature"
and that the concept of "prematuri-
ty" in the definition should give way
to that of "low birth weight". Lub-
chenco and her colleagues'4 and oth-
ers'5'6 then devised intrauterine
growth curves for liveborn males
and females from data on birth
weight and gestational age. As an
example, we may simplify the curves
drawn by Babson and his associ-
ates'6 in Portland, Oregon, where the
social situation and altitude are sim-
ilar to those in Vancouver (Fig. 1).

Infants born prior to 37 complet-
ed weeks of gestation whose weight
lies between the 10th and 90th per-
centiles on such curves may be
called preterm with a weight appro-
priate for gestational age (AGA),
whereas infants born after any
length of gestation whose birth
weight is at or below the 10th per-
centile may be named hypotrophic
or small for gestational age (SGA).
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Table lI-Factors increasing the risk of low birth weight

Low maternal weight (and height) before pregnancy
Low maternal weight gain during pregnancy
Prior delivery of a low-birth-weight infant or prior abortion after first trimester
Maternal smoking, alcoholism or use of drugs during pregnancy
Low socioeconomic status
Maternal age (risk is greatest for infants of teenagers and of mothers more than 40 years
old)

Complications of pregnancy and delivery (e.g., bleeding, toxemia, breech presentation)
Parity (risk is lowest in second pregnancy)
Antenatal factors, such as physical overwork, coitus and lack of medical care
Race (risk is greater for nonwhite infants)
Altitude (risk is greater at higher altitude)
Female gender of infant
Congenital malformation or infection of infant (e.g., chromosomal defects, rubella)
Multiple pregnancy



Table 111-Measures for the prevention of low birth weight

Family planning
Avoidance of pregnancy before age 18 years and after age 35 years
Spacing of pregnancies

Adequate nutrition during pregnancy
Educational programs
Dietary supplements, especially in last trimester

Correction of anemia by improved intake of iron, folate and vitamins
Treatment of infections, especially urinary tract infection, hookworm and malaria
Avoidance of physical overwork and coitus in later stages of pregnancy
Antenatal obstetric supervision
Cessation of smoking and limitation of drinking and drug intake during pregnancy



among families of higher socioeco-
nomic rating. An advantage of girls
over boys and of white over non-
white children was also noted, and
the latter was thought to be second-
ary to socioeconomic factors. Simi-
larly, Robinson and Robinson,42 in a
controlled. follow-up study of low-
birth-weight children aged between
8 and 10 years, concluded from
analysis of covariance that, aside
from physical size and major physi-
cal defects, social class assumed
more importance than birth weight
in a child's developmental prognosis.
On the other hand, Wiener and his
coworkers43 concluded that the psy-
chologic impairment of low-birth-
weight children was not due to so-
cial class or to maternal practices.
Although there were highly signifi-
cant differences between white and
black subjects, which tended to in-
crease with age and were assumed to
be influenced by environment, it
appeared that black children were
no more impaired than white chil-
dren as a function of birth weight.
Low-birth-weight children appeared
to have a greater risk of impaired
mental performance largely because
of associated indications of neuro-
logic defect.
With respect to intelligence Dril-
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lien44 had already shown that it
varies directly with both birth
weight and social class. While men-
tal retardation with a global IQ
below 70 occurred particularly in
children with a birth weight of 3.5
lb (1600 g) or less and in the lowest
social class, it ensued most of all in
those with a very low birth weight
who were also in the lowest social
class; in contrast, gifted children,
with IQs of 120 or more, were most
likely to be in one of the two highest
social classes and to have had a
normal birth weight - more than
5.5 lb (2500 g). In a study of child
development on the island of Kauai
in Hawaii, Werner and her associ-
ates45 noted the cumulative risk of a
depressed IQ in children with a low
socioeconomic status or family in-
stability who were exposed to severe
perinatal stress.
Our own findings may be quoted

in this connection.46 We examined
501 low-birth-weight infants (most
with a birth weight of 4.5 lb [2041
g] or less) in the newborn nurseries
at the Vancouver General Hospital
during the years 1959 through 1965
and managed to follow 335 of them,
80% of the survivors, to school age.
We were also able to follow 139 out
of 203 control children of full birth
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Fig. 2-Mean general developmental quotient (GQ) or intelligence quotient (IQ) scores
according to birth weight of all low-birth-weight and full-birth-weight children in
prospective study in Vancouver. GQ determined with Griffiths' technique,47 IQ with
Stanford-Binet Intelligence Scale before 78 months and Wechsler Intelligence Scale
for Children at 78 months. N = number. Reproduced with permission from reference
46.
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weight who were intentionally se-
lected largely from nonpaying pa-
tients so that their mean social class
was somewhat low and not signifi-
cantly different from that of the
low-birth-weight infants. When the
developmental and intelligence quo-
tients of these children are shown
graphically at successive ages (Fig.
2) one can clearly see the associa-
tion with birth weight, but it should
also be noted that the scatter of
scores diminishes from about 23
points for the developmental quo-
tient (determined with Griffiths'
technique47) at 3 months, uncorrect-
ed for gestational age, to about 13
points for the full-scale IQ on the
Wechsler Intelligence Scale for
Children (WISC) at 61/2 years.46 It
appears, then, that the effect of
birth weight diminishes somewhat as
the children become older.
On the other hand, the association

of developmental and intelligence
quotients with socioeconomic status,
measured by the Hollingshead two-
factor index (derived from the fa-
ther's education and profession),
only became definite at 21/2 to 4
years (Fig. 3).48 The difference in
IQ, as determined with the Stan-
ford-Binet Intelligence Scale, be-
tween low-birth-weight children in
social classes I to III as compared
with those in classes IV and V was
already significant (p = 0.01) at 21/2
years of age, but by the age of 4
years the social classes had sorted
themselves out more clearly. Among
the full-birth-weight control chil-
dren the correlation of developmen-
tal quotient with social class was
already significant (p = 0.02) at 11/2
years.

In this context one of our research
assistants, Dr. Brian Warriner, cal-
culated that there was a significant
difference (p = 0.01) between the
mean full-scale WISC IQ of chil-
dren whose fathers were in different
educational classes but that the dif-
ference was less marked between the
mean IQs of children whose fathers
were in different occupational class-
es on the Hollingshead scale. Fur-
ther, there was a very significant
difference (p = 0.005) in the mean
full-scale WISC IQ at 61/2 years
between foster children and children
from stable homes but not between
adopted children and those from
stable homes. The mean WISC IQs
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Table tV-Comparison of adjusted mean full-scale intelligence quotients (IQs) determined with the Wechsler Intelligence Scale for Children at
6½ years of age in low-birth-weight children and full-birth-weight controls in Vancouver study (excluding those with an IQ less than 50) by
analysis of covariance*

Birth weight Adjusted Level of Comparisons yielding
and social class n mean IQt significance significant differences

Low birth weight (. 2041 g) 311 96.0
1 23 109.8 F = 12.32 I v. III
II 18 103.8 p=0.OOO Iv. IV
III 38 99.5 II v. V
IV 117 96.8 III v. V
V 115 85.8 IV v. V

Full birth weight (> 2500 g) 139 108.7
I 9 119.8 F = 6.969 1 v. III
II 7 119.9 p=0.000 Iv.IV
III 11 106.7 I v. V
IV 61 109.4 II v. Ill
V 51 103.9 II v. IV

II v. V
IV v. V

*Age at testing and sex were included as covariates but were not found to be significant in this analysis. Social class, however, was a significant
covariate (p = 0.000) in the comparison of mean IQs in the total groups of low-birth-weight and full-birth-weight infants.
tThe means for the total groups of low-birth-weight and full-birth-weight infants were significantly different at p = 0.000 (F = 87.17).



period to the 5 that together were
the most predictive; as shown in
Table VI, birth weight and socioeco-
nomic status are 2 of the 5*47 With
this combination of variables 71% of
the low-birth-weight children would
have been correctly classified as to
their neurologic status at age 61/2
years: namely normal for 76% and
abnormal for 63%.
We then reduced the number of

variables at 12 and 18 months simi-
larly and by further discriminant
analysis determined the five most
predictive factors of the total avail-
able in the first 2 years for each sex
separately. Birth weight range was
among the five best predictors of
neurologic outcome for low-birth-
weight girls, whereas social class
and weight percentile at 12 months
were among the five best predictors
for low-birth-weight boys. With
these combinations of variables
about 83% of the low-birth-weight
girls would have been correctly clas-
sified by the age of 1 year as
neurologically normal or abnormal
at 6V2 years, and about 74% of the
low-birth-weight boys would have
been correctly classified by the age
of 1 1/2 years. The fact that minimal
brain dysfunction, which is com-
monest in boys, was the hardest to
predict seems to account for the
lower accuracy of prediction in the
boys.
One can then calculate a weighted

formula that would enable the phy-
sician to forecast neurologic status
at age 6V2 years from the findings in
infancy. The five most predictive
variables for boys are listed in Table
VII; with appropriate scoring these
can be multiplied with a coefficient
and then added to a constant. A
positive sum would mean a prediction

Table VII-The five best variables avail-
able by age 18 months, selected by dis-
criminant analysis, for predicting neuro-
logic status of boys at age 6½ years

Variable Coefficient

Neurologic status at 18
months - 1.87

Neonatal truncal tone - 1.34
Social class
(Hollingshead index) -0.43
Weight percentile at 12
months +0.38

Landau reflex at 12
months -1.31

Table V-Neurologic or ophthalmic disor-
ders in 140 (42%) of 335 Vancouver
children of low birth weight followed to
6½ years of age

No. of children*
(and % of total

Disorder cohort)

Minimal brain dysfunction
(IQ . 80) 61(18)
Mental retardation
(IQ < 70) 30 (9)

Cerebral palsy 27 (8)
Major visual defect
(excluding strabismus) 16 (5)

Epilepsy 14 (4)
Sensorineural hearing defect 12 (4)t
Miscellaneous (e.g.,
borderline low-normal
intelligence, more than
minimal cerebral
dysfunction) 21 (6)

L Constant +6.92



of neurologic normality, while a
negative sum would mean a predic-
tion of abnormal neurologic out-
come. For instance, a boy with a
birth weight of 1559 g has a normal
neurologic status at 18 months
(score 1) after having had truncal
flaccidity in the neonatal nursery
(score 4). His social class is 5 on the
Hollingshead scale. At 12 months
his weight was between the 50th and
74th percentiles (score 5) and his
Landau reflex was normal (score 1).
The calculation of the sum would be
as follows:

lx -1.87=-1.87
4X -1.34=-5.36
5 X -0.43 = -2.15
5 X +0.38 = +1.90
lx -1.31 = -1.31
Constant = +6.92

= -1.86

Since the sum is negative, an abnor-
mal neurologic outcome would be
expected.

Thus, social class is clearly one of
the most important variables in in-
fancy determining the neurologic
outcome in the early school years.
Social class is also one of the most
predictive variables with respect to
the final IQ and educational
achievement.

Implications for management

If it is, then, accepted that socio-
economic status represents one of
the most important factors in the
neurologic and intellectual prognosis
of low-birth-weight children, the fol-
lowing seem important facets of the
management of these children:

* Optimal obstetric and perina-
tal care.

* "Bonding" by parents visiting
the intensive care nursery and hand-
ling the baby.

* "Anticipatory guidance", par-
ticularly for single mothers and
those who lacked one parent in
childhood.

* Regular pediatric follow-up for
at-risk infants (perhaps at a special
clinic).

* Infant stimulation, special day
care and enrichment programs (e.g.,
Operation Head Start) from infancy
to kindergarten, particularly in the
lower social classes.

* Early correction of refractive
errors, strabismus, other visual de-
fects, hearing defects and orthope-
dic deformities; occupational and
physiotherapy for cerebral palsy;
speech stimulation and therapy; spe-
cial education and social services as
required.

* Developmental assessments
and school readiness tests; detection
and treatment of minimal brain dys-
functions, including learning disabil-
ities and attention deficit disorder,
and of secondary emotional distur-
bance.
A few further comments may be

appropriate. Evidence has accumu-
lated that optimal obstetric and pe-
rinatal care for low-birth-weight in-
fants is best provided when facilities
are regionalized and expert tertiary
care centres are available for mother
and baby.55'56 With respect to the
pediatric follow-up, criteria for a
high-risk group and for predictive
scoring should be established col-
laboratively. Service-based, mul-
tidisciplinary follow-up programs
should be established for high-risk
low-birth-weight infants, along with
those suffering from severe malfor-
mations, congenital rubella syn-
drome, neonatal seizures and other
serious conditions. Such selected in-
fants should be placed on an at-risk
register.57

Ideally one would like to provide
a stimulating, affectionate environ-
ment at a high social level for all
handicapped children, and particu-
larly for those of low socioeconomic
status. Detailed documentation from
the United States concerning the
benefits of Operation Head Start in
comparison with more traditional
methods of treatment for underpriv-
ileged children with mental or physi-
cal handicaps is still awaited. How-
ever, initial reports indicate that
such programs are indeed particu-
larly helpful to children of low so-
cioeconomic status but must be
started early in infancy and contin-
ued until the school years if they are
to be of lasting benefit.5860 Infants
with mild brain dysfunction may
benefit from the provision of social
stimulation and early learning expe-
riences. Attempts at assessing the
value of these programs face great
methodologic difficulties,6'62 but it
seems that a poor, nonstimulating
environment, and especially one

with emotional deprivation, can re-
duce a child's cognitive develop-
ment, whereas children with mild
forms of brain dysfunction can bene-
fit from enrichment programs based
on sensory stimulation applied with-
out undue pressure in an affection-
ate environment. Further long-term
research is required to devise opti-
mal methods for helping the handi-
capped to achieve their maximum
potential.63

Conclusion

Socioeconomic status appears to
be one of the most important deter-
minants of the ultimate level of
brain function in children of low
birth weight, and this is true with
respect to neurologic, psychologic
and educational outcome. Social
class also has an indirect effect
through birth weight, frequency of
perinatal brain injury and other bio-
logic variables, as well as maternal
habits, the quality of nutrition and
health care for mother and child,
and other "cultural" factors. To
some extent it may be possible to
compensate for social disadvantage
by careful environmental, medical
and educational assistance through-
out early childhood.

The studies reported in this lecture were
accomplished by a team including Drs.
Margaret Cox, John U. Crichton, Linda
C. Eaves, Ruth V.E. Grunau, Annetta
K. McBurney, Ann-Marie Robertson,
Michael Schulzer and Brian Warriner. I
am indebted to all of them and to other
research associates for their contribu-
tions. The studies were supported by
national health grants 609-7-115 and
610-1030-29 from the Department of
National Health and Welfare and by
grants from the Vancouver Foundation
and from Mr. and Mrs. P.A. Wood-
ward's Foundation.
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200mg slow-release tablets
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Actions
Metoprotot tartrate a a beta-adrenergic-receptor-btocking
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heart failure, since inhibition with beta-blockade always
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cardial contractility and precipitating cardiac failure. in
patients without a history of cardiac failure, continued
depression of the myocardium can lead to cardiac
failure. At the first si9n of impending cardiac failure,
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Lopresor does not abolish the inotropic action of digitalis
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action of digitalis may be reduced by the negative no-
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Clinical Laboratory: The following laboratory parameters
have been rarely elevated: transaminases, BUN, alkaline
phosphatase and bilirubin. Thrombocytopenia and
leucopenia have been reported rarely.
Symptoms snd Treatment of Overdosage
Symptoms: bradycardia, congestive heart failure, hypo-
tension, bronchospasm, hypoglycemia.
Treatment: Discontinue Lopresor and observe patient
closely. In addition, if required, the following therapeutic
meaures are suggested.
1. Bradycardia, and hypotension:

Initially 1-2 mg of atropine sulfate should be given
intravenously. Ifs satisfactory effect is not achieved,
a pressor agent such as norepinephrine may be
administered after preceding treatment with atropine.

2. Heart Block: (second or third degree)
Isoproterenol or tranavenous cardiac pacemaker.

3. Congestive heart failure:
Conventional therapy.

4. Bronchospasm:
Aminophylline or a beta2-agonist.

5. Hypoglycemia:
Intravenous glucose.

Large doses of isoproterenol can be expected to reverse
many of the effects of excessive doses of Lopresor.
However, the complications of excess isoproterenol, e.g.
hypotension and tachycardia, should not be overlooked.
Dosage and AdmInistration
a) Hypertension: Initial Dose: 50 mg b.i.d. If adequate

response is not seen after one week, dosage should
be increased to 100 mg b.i.d. In some cases the daily
dosage may need to be increased by further 100 mg
increments at intervals of not less than two weeks up
to a maximum of 200 mg b.i.d., which should not be
exceeded.
Usual Maintenance Dose: 150-300 mg daily.
When combined with another antihypertensive agent
which is already being administered, Lopresor should
be added initially at a dose of 50 mg b.i.d. After 1 or 2
weeks the daily dosage may be increased if required,
in increments of 100 mg, at intervals of not less than
2 weeks, until adequate blood pressure control is
obtained.

b) Angina pectoris: Initial Dosage: 50 mg b.i.d. for the first
week. If response is not adequate, the daily dosage
should be increased by 100 mg for the next week. The
need for further increases should be closely monilored
at weekly intervals and the dosage increased in 100 mg
increments to a maximum of 400 mg/day in 2 or 3
divided doses.
Usual Maintenance Dosage: 200 mg/day.
Dosage Range: 100-400 mg per day in divided doses.
A dose of 400 mg/day should not be exceeded.

c) Slow-release Lopresor SR 200mg: Lopresor SR 200 mg
is intended only for maintenance dosing in those
.atients requiring doses of 200 mg per day.
reatment must always be initiated and individual

titration of dosage carried out using the regular tablets.
Patients with hypertension or angina pectoris on a
maintenance regimen of one 100 mg tablet twice daily
may be changed to one Lopresor SR 200 mg tablet
taken in the morning.
Lopresor SR 200 mg tablets should be swallowed whole.

AvaIlabIlIty
Lopresor
Tablet: 50 mg:
Film coated, light red, capsule-shaped tablet, embossed 51
and scored on one side and GEIGY on the other.
Tablet: 100 mg:
Film coated, light blue, capsule-shaped tablet, embossed
71 and scored on one side and GEIGY on the ot her.
Lopresor SR
Slow-release Tablet: 200 mg:
Film-coated, light yellow, round tablet, embossed GEIGY
on one side and CDC on the other.

Product monograph supplied on request.Geigy
Mississauga, Ontario
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