





- Statistics —definition—

,/

Statistics is a science of collecting, analyzing,
presenting and interpreting data

Biostatistics is the application of the statistical
methods in the field of medicine and healthcare:
biostatistics is a science of collecting, analyzing,
presenting and interpreting data in the field of
medicine and healthcare.

It has a central role in medical research.



Why do you have tostudy statistics

Modern medicine is based on the statistics.

All studies rely on the statistical methods to prove
better ways to cure the patients.

All newly invented medicines rely on the statistical
methods to prove which medicine has better effect.

The statistics is the one, that proves if something is
harmful for the human health.

The modern medicine is an evidence based
medicine and uses the methods of statistics to
postulates which evidence could be judged as
significant and which could not.



- 3'stages of studying biostatistics

Read and interpret statistics in the medical
studies/papers

Write medical papers

Criticize and evaluate medical papers



Therole of th%nﬁledizcaJﬁtaLi%tifm/n

-

* Plays important but not central role
e To help and support

 To give ideas



The role of the medical statistician

Invite a statistically skilled person at the earliest stage
of your research
He/she will advise you for the:
e Sample and its size
e Variables to be included and their type
e Possible analyses that could be carried out with the data
e The easiest way of data entry
e How to present the results (mean or median?)
e Help with the analyses and interpretation

e Help for answers to the statistical questions of the
editors/reviewers



Basic principles-of medical statistics

Statistics is a science of collecting, analyzing,
presenting and interpreting data

Data (plural) that are collected, analysed, presented,
and interpreted by the statistics are the facts and
figures about the objects we survey. Similar type of
data is called variable. It varies between the objects
but is still related to one and the same fact about
them. For example gender, age, weights, height,
country of origin of the surveyed people, are
variables



Types-of variables —

—

Quantitative (continuous and discrete). For them
we ask “how much/how many?” - numbers

Qualitative (categorical). For them we ask “what
type?” — categories, names. Ordered and
unordered.



age

weight

gender

height

educational
level

blood type




/Tra nstorming thewariab

* Smoking - is it qualitative or quantitative variable?

* Smoking status

* Number of cigarettes smoked per day

N of cigarettes |Smoking status

0 Non smoker
0 Non smoker
1 Smoker
5 Smoker

15 Smoker

20 Smoker
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Always collect numerical variables (when
possible)

You could transform them later into qualitative

It’s not possible to calculate summary measures
for qualitative variables

Quantitative variables allow performing more
powerful statistical analyses



| Colle he data

Statistics is a science of collecting, analyzing,
presenting, and interpreting data.

Computers and special statistical software are used
Each column is a variable, each row is a patient

Categorical variables should be coded (for the gender
1 stands for female, 2 for male etc.)

1 1 1.76 4
2 2 25 1.72 55 3
3 1 22 1.85 80 3
4 2 22 1.77 59 2
5 1 25 1.78 78 1



““Presenting.the data
/ (descriptive statistics

e Tables
® Charts

¢ Calculating summary measures



o ChartsvsS™ables —

- Advantages of charts:
simplicity and clarity
memorable visual images
being able to show complex relationships

They also emphasize numbers and tend to be
popular, as evidenced by their use in general
publications where tables are rarely used.

Advantages of tables:
displaying more complex data with precision and
flexibility
requiring less technical skill or facilities to prepare
using less space for a given amount of information.



~ Mean, medianora -~~~

[f the distribution is normal, use m
the mean and present it together
with SD/Variance/SE/CI PEBERS

If there is an asymmetry, present
the median together with the range
(min; max) or interquartile range

(25t and

If there is a multiple mode -

present t

X =Me= Mo

75t percentile)

ne mode or find out WHY

there is more than one mode and
resent the data separately (chooseA

etween the mean and median F o 3

depending on the symmetry)




- Populationand-sample—

Population: a large set or collection of items that
have something in common. In medicine
population generally refers to patients or other
living organisms, but the term can also be used to
denote collections of inanimate objects, such as
sets of autopsy reports, hospital charges, birth
certificates etc.

Sample: is a subset of the population.



Population
N =4 000 000




Random-sample —

The subjects are

Population C&@
N =4 000 000 —

could |

special

randomly selected

The number of the
subjects in the sample is
enoug|

h (the exact value
be calculated by

formulas)

Representative/stochastic sample



o The samplessize ——==

Use online calculators

The more subjects you study, the better become the
accuracy of the results

The largest sample size is for proportions around 50%
and chose what error is acceptable for you.

You need to know the size of the population



- Confidenceinterval (CH—

Several samples drawn from the same population
generally provide different values of the same statistic
(mean height, for example), yet they are all estimates
of the same population parameter. The variation
between these individual estimates is due to sampling
error

The confidence interval is the interval of values where
the population parameter could be found (with some
probability of guarantee, usually 95 or 99%)

CI has lower and upper bound and somewhere in
between them is the mean



HypotheSIS testing and statistical
significance

Null hypothesis: the observed difference is due to the chance;
it’s not significant

Alternative hypothesis: the observed difference is due to
systematic factor(s); it IS significant

p-values express the probability of getting observed results
given a true null hypothesis

A small p-value (typically < 0.05) indicates strong evidence
against the null hypothesis, so you reject the null hypothesis

A large p-value (> 0.05) indicates weak evidence against the
null hypothesis, so you fail to reject the null hypothesis

p-values very close to the cutoff (0.05) are considered to be
marginal (could go either way). Always report the p-value so
your readers can draw their own conclusions.



* Paired design - the same group tested several times
* Unpaired - comparison between different groups

Independent | Dependent Method
variable variable
0IF1Ir s\ 8 Qualitative Chi-square test (unpaired)
McNemar test (paired)

ONFEIETIN I Quantitative  t-test or non-parametric test: Mann-
(dichotomous) Whitney U test (unpaired); Wilcoxon’s

rank sum test (paired)

OIEIHEA N Quantitative  One-way ANOVA or non-parametric
(more than 2 test: Kruskall-Wallis ANOVA

categories) (unpaired); Friedman Test (paired)

Q)IELa=1a0 I (Quantitative Regression and correlation



— BI3as ==

e
Sampling error

—a

Systematic error:

e selection (recruitment) bias: when participants select
themselves for a study, either because they are unwell or
because they are particularly worried about their health ->
randomization

o measurement (a.k.a. classification/observation) bias - when
the individual measurements are inaccurate; they do not
measure correctly what they are supposed to measure. For
instance, biochemical or physiological measurements are
never completely accurate and different laboratories often
produce different results on the same specimen

« A form of measurement bias in retrospective case-control studies is
recall bias

- If the investigator, laboratory technician or the participant knows the
exposure status, this knowledge can influence measurements and
cause observer bias ->blinding the study (single/double/triple)



et Confounding ——

In a study of the association between exposure to a
cause (or risk factor) and the occurrence of disease,
confounding can occur when another exposure exists in
the study population and is associated both with the
disease and the exposure being studied.

Coffee —  LUNg cancer

w

Smoking



P Confounding ——

To control confounding in the design of the study:
randomization
restriction

matching

At the analysis stage:
stratification

multivariate analysis



Understanding diagnostic tests”

Disease present Disease absent
Test positive a(TP) b (FP)
Test negative c (FN) d (TN)
Sensitivity: Specificity:
a/ (a+c) d/ (b+d)

TP: True positive, FP: False positive, FN: False negative, TN: True negative

Positive likelihood ratio: ratio between the probability

of a positive test result given the presence of the
Sensitivity disease and the probability of a positive test result
— given the absence of the disease, i.e. = True positive
1— Specificity rate / False positive rate

Negative likelihood ratio: ratio between the probability
1— Sensitivity of a negative test result given the presence of the
— disease and the probability of a negative test result
Specificity  given the absence of the disease, i.e. = False negative
rate / True negative rate




Understanding diagnostic tests”

Disease present Disease absent
Test positive a(TP) b (FP)
Test negative c (FN) d (TN)

Positive Predictive Value: probability that the disease is present
when the test is positive a/(a+b)

sensitivity = prevalence
PPV = Jr T

sensitivity % prevalence + (1 — speci ficity) x (1 — prevalence)

Negative predictive value: probability that the disease is not
present when the test is negative =d / (c+d)

spect ficity % (1 — prevalence
NPV — pecificity x (1 —p )

(1 — sensitivity) x prevalence + specificity = (1 — prevalence)
Accuracy: overall probability that a patient will be correctly

classified = (a+d) / (a+b+d+c)

Prevalence = (a+c)/ (a+b+d+c)



- Do yourresultsmatter?—==

Validity
Does the research have internal validity: to what
extent do the results from the study reflect the true

results by taking into consideration the study design
and methodology?

* Does the research have external validity: to what
extent can the results from the study be generalised to
a wider population?



g Loyo

* Statistically significant difference vs. medically
significant difference

e Hb among healthy controls compared to Hb among
patients

* pP<0,01

145 mmol/] 135 mmol/]



Do your results-matter?—==

P-value to be not just smaller than o,05 but smaller
than o,01

How large are CI calculated by the data? Are they
meaningful or too large?

Is the association causal or not?



g Fower istical
e

True False
Test result Significant Type I error

Not significant Type II error

* The probability to accept false null hypothesis; the
results are actually significant but we accept that they
are not

* Type Il error is denoted by 3

* B depends on the sample size - gets smaller is the
sample size increases

» Power (1-P) is greater for all tests designed for
numerical variables (normally distributed)

» Power (1-f) of 80% is arbitrary accepted



