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What is a normal weight for a baby?
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What is a normal weight for a baby?

No two babies weigh exactly the same

— weight is continuously variable

So what is a “normal” weight?
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What is a normal weight for a baby?

continuous!'y variable
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WHO growth standards

These summarise weights in a large reference sample of
children from high social class families, with non-smoking,
breastfeeding mothers, from 6 sites around the world
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www.who.int/childgrowth/standards/en
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Weight-for-age BOYS
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||+ The 97" centile has 97% of b
it, 3% above it
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The distribution of boys” weights at 6 months
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Scatterplot
Sample of 10 boys

5 6 7 8 9 10 11
Weight at 6 months (kg)
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Scatterplot
Sample of 20 boys

5 6 7 8 9 10 11
Weight at 6 months (kg)

nd The London www.smd.gmul.ac.uk

Sirens o Mmiae rat Doty




Scatterplot
Sample of 100 boys
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Scatterplot
Sample of 1,000 boys

« starting to get harder to see differences in density
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Weight at 6 months (kg)
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Back to the sample of 100 boys

" Ne St e
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Box and whisker plot of the distribution

Sample of 100 boys
« central line marks the median in the sample (half the sample below)
« box marks out lower and upper quartiles (1/4 & 3/4 of the sample below)

« whiskers mark out full range of values (with some additional subtleties
— see Bland)
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Weight at 6 months (kg)
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Histograms

Sample of 100 boys
« divide the possible values into equally-spaced intervals

« calculate how densely the points are concentrated in each region
« plot a graph of this density — called a histogram
' ' ' '

)
)
)
)
)
! ;
st
5 6 7 8 9 10 11
Weight at 6 months (kg)

www.smd.qmul.ac.uk

28/09/2012

Histograms - sample of 100 boys

4 Provides a good
visual indication of the

distribution of weights
5 6 7 8 9 10 11 12 13
Weight at 6 months (kg)
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Histograms - sample of 100 boys

20% As an alternative to
z density, histograms
§ 15% often show relative
g frequency on the
»:—) 10% | vertical axis —
> i.e. proportion of the
% 50 sample in each interval
@

0%
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Histograms - sample of 100 boys

The width of the interval
makes a difference:

too wide, and the
histogram is chunky...

Density

ok M w » w»
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Weight at 6 months
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Histograms - sample of 100 boys

... too narrow, and the

H_l-l‘h-mﬂ histogram is spiky...
5 6 7

8 9 10 11 12 13
Weight at 6 months (kg)
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Histograms

Density

- sample of 100 boys

ok N w » WU

5 6

7 8 9 10 11 12 13

Weight at 6 months (kg)

... but with the right
interval width we may
get a feel for the “shape”
of the distribution.

Also, with larger
samples we can use
narrower intervals...
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Density

Histograms

- sample of 1,000 boys
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Histograms - sample of 10,000 boys
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... until we start to
discern a smooth,
idealised distribution...
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Population distribution

Density

ok N w » WU

Weight at 6 months

... called the population
distribution, where we
imagine the samples to
have been drawn from a
large (perhaps infinitely
large) idealised
population.

NB the shape in this
case is slightly

5 6 7 8 9 10 11 12 13 asymmetric or skewed
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Numerical summaries

Sample of 100 boys

Density

Ok Nwbdw
o

6 7 8 9 1011 12 13
Weight at 6 months (kg)

Median 8.0kg

Interquartile range 7.4 to 8.8kg
(the range from the lower to the
upper quartile)

NB interquartile range technically
means the difference between
upper and lower quartiles
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Numerical summaries

Sample of 100 boys

Density

Ok Nwbdw
o

6 7 8 9 1011 12 13
Weight at 6 months (kg)

Mean 8.1kg
Standard deviation 1.0kg

The mean is the sum of the
100 weights divided by 100

The standard deviation is a
measure of how much a baby’s
weight typically differs from the
mean — see Bland
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Means and medians

« Mean and median are both ways of describing a
“typical” value

« The mean has some useful mathematical properties,
but is only really “typical” when the shape of the
distribution is symmetric
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Means and medians

The mean is the “balancing” point of the distribution, if you
imagine it balanced on a pivot.

With a strongly asymmetric distribution the mean is unduly
influenced by the long tail

50% | 50%

A

mean
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Means and medians

The mean is the “balancing” point of the distribution, if you
imagine it balanced on a pivot.

With a strongly asymmetric distribution the mean is unduly
influenced by the long tail

50% | 50%

mean
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Means and medians

The mean is the “balancing” point of the distribution, if you
imagine it balanced on a pivot.

With a strongly asymmetric distribution the mean is unduly
influenced by the long tail

50% | 50%

mean
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Means and medians

The mean is the “balancing” point of the distribution, if you
imagine it balanced on a pivot.

With a strongly asymmetric distribution the mean is unduly
influenced by the long tail

50% | 50%

A

mean
The majority (> 50%) of measurements will be less than the
mean in this case

{Qj Barts and I:.l.'f London www.smd.gmul.ac.uk

et o Mscion and

Means and medians

« For a symmetric distribution, summarise using mean and
standard deviation

« For an asymmetric distribution, summarise using median
and interquartile range
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An important population distribution:
the Normal distribution

— T T —

mean mean mean mean mean
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An important population distribution:
the Normal distribution

* Symmetric
« Bell-shaped

» Around 95% of
measurements are within
£

D atandard Aaviatinng A
< 3taiiGaid Geviauidns Gi

the mean

« Called “Normal” because
it often occurs in nature

mean mean mean mean mean
-2SD -1sD +1SD  +2SD
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Not all variables are continuous

Type of variable Example Values

Binary Mortality Dead / Alive

. . Blue / Brown /

Categorical ~ Nominal Eye colour Grey / Green

Ordinal Severity of disease pildlivodetate

| Severe

Discrete Number of siblings 0,1, 2,3, ...
Quantitative

Continuous Weight
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Not all variables are continuous
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Type of variable Example Values
Binary Mortality Dead / Alive
. . Blue / Brown /
jo
Categorical  Nominal 3 Eye colour Grey / Green
o o
5 K] . 5 Mild / Moderate
Ordinal B Severity of disease IS
Discrete Number of siblings 0,1, 2,3, ...
Quantitative
Continuous Weight
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Continuous and discrete quantitative variables

« Measurements are almost never truly on a continuous
scale — we record values to a certain number of decimal
places or digits

« Any discrete quantitative variable where the difference
between successive values is small compared with the
range of possible values is often treated as continuous

« Discrete quantitative variables are often summarised
with mean or median, just like continuous variables
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Frequencies and relative frequencies
of a discrete variable
e.g. smoking status in a sample of 500 people

Table Bar chart
50% 1
Smoking Frequency Relative > 20%
k) o
status frequency <
Never 219 43.8% Z30%
o =
Ex 161 32.2% ® 200 |
Current 120 24.0% K|
& 10%
Total 500 100.0% o«

0%

Never Ex Current
Smoking status
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Relationships between variables

When thinking about the relationship between two
variables, it often helps to think of one as the outcome and
the other as the predictor (or exposure)
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Relationships between variables

The same variable might be an outcome in one context,
and a predictor in another

e.g.
sex (M/F) vs smoking status (never/ex/current):
sex is predictor — smoking status is outcome

but
smoking status vs symptoms of breathlessness:

smoking status is predictor — breathlessness is outcome
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Summarising relationships

Numbers and percentages of people in different
smoking categories, by sex

Smoking Sex Total
status Male Female

No. % No. % No. %
Never 76 33.3% 143 52.6% 219 43.8%
Ex 87 38.2% 74 27.2% 161 32.2%
Current 65 28.5% 55  20.2% 120 24.0%
Total 228 100.0% 272 100.0% 500 100.0%

{Qj &ﬂli.iﬂd Li:‘—;‘ London www.smd.gmul.ac.uk

13



Summarising relationships

Numbers and percentages of people in different
smoking categories, by sex

Smoking Sex Total
status Male Female

No. % No. % No. %
Never 76 33,3% 143  52.6% 219 43.8%
Ex 87 38.2% 74 27.2% 161 32.2%
Current 65 28.5% 55 20.2% 120 24.0%
Total 228 100.0% 272 100.0% 500 100.0%

Relative frequencies of the
outcome worked out within
categories of the predictor

3
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Summarising relationships

Clustered bar chart showing the
distribution of smoking status by sex

60% 1

>50% -
I9)

N
]
=

30% -
Men (n=228)

20% ®Women (n=272)

Relative frequen

10% -

0%
Never Ex Current

Smoking status
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Summarising relationships

More in seminar handout!
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Normal weight for a baby:
what does “normal” mean?
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Normal weight for a baby:
what does “normal” mean?

“normal” = Normal distribution?

Don’t be confused by this terminology — not all naturally
occurring measurements are Normally distributed

e.g. distribution of boys’ weights at 6 months is skewed
(non-Normal)
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Normal weight for a baby:
what does “normal” mean?

“normal” = commonly seen

Could summarise this with a mean or median

e.g. median weight for a 6-month-old boy is 7.9kg

but this ignores variability
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Normal weight for a baby:
what does “normal” mean?

“normal” = commonly seen

Often summarised using percentiles

e.g. boys’ weights at 6 months:
31 centile = 6.4kg
97 centile = 9.7kg
94% of six-month-old boys weigh between 6.4kg and 9.7kg
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Normal weight for a baby:
what does “normal” mean?

“normal” = commonly seen

Often summarised using percentiles

If a variable is Normally distributed, then 2.5t and 97.5"
centiles are

mean - ( 2 x standard deviation )
and mean + (2 x standard deviation )
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Normal weight for a baby:
what does “normal” mean?

“normal” = commonly seen in a healthy population

e.g. WHO growth standards limited to children from high
social class families, with non-smoking, breastfeeding
mothers

rtsand Li:‘—;‘ London www.smd.gmul.ac.uk

16



Normal weight for a baby:
what does “normal” mean?

“normal” = leads to good health outcomes

Requires evidence of the health consequences of different
weights

“Normal” in this sense does not necessarily mean
“commonly seen”!
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Birthweight — Wilcox 2001

What birthweights lead to good health outcomes?

1000, .
5 e Low birthweight (LBW)
% i defined as < 2.5kg
g \ Y LBW is associated with
E{ \ "'\ increased neonatal mortality.
= L UsA
£ 10 \ nJeso . Health risks for heavier-than-
g e average neonates are not so
3 usa great, so “normal = healthy”
g \\‘919/' is any infant > 2.5kg

e —no upper limit.
10 20 30 40 pp
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Birthweight — Wilcox 2001

What birthweights are commonly seen?

40000

PEEE

Number of Births

JBEE

Birth Weight - (kg)
Births in Norway 1992 — 1998
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Birthweight — Wilcox 2001

What birthweights are commonly seen?

40000
a0y Wilcox identifies a
£ 0000 i mixture of two
£ 2500 distributions:
8 20000 a “predominant” and a
2 15000 “residual” distribution.
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Birthweight — Wilcox 2001

What birthweights are commonly seen in babies born at
37 weeks or later (a healthy population)?

40000

23000+ The predominant
£ 20000 i distribution is the one
% 25000 seen in a healthy
8 20000 population, and is also a
Z 15000 Normal distribution!

10000

5000

% 1o
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Summary

The word “normal” is used in a variety of ways in health
statistics:

« a Normal distribution

« what is commonly seen
« what is commonly seen in a healthy population

< what leads to good health outcomes

Always make sure you understand which is meant!
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