Common Statistical Errors
iIn Medical Research:

How to Report Statistics in Medical Journals
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1.

2.

American Statistical Association’s
Statement on P-values

P-values can indicate how incompatible the data
are with a specified statistical model.

P-values do not measure the probability that the
studied hypothesis 1s true, or the probability that
the data were produced by random chance alone.

. Scientific conclusions and business or policy

decisions should not be based only on whether a
p-value passes a specific threshold.

Proper inference requires full reporting and
transparency.



American Statistical Association’s
Statement on P-values

5. A p-value, or statistical significance, does not measure
the size of an effect or the importance of a result.

6. By itself a p-value does not provide a good measure of
evidence regarding a model or hypothesis.

* In some sense the p-value offers a first defense line
against being fooled by randomness, separating signal
from noise...The p-value 1s a very valuable tool, but it
should be complemented — not replaced — by
confidence intervals and effect size estimators (as 1s
possible 1n the specific setting). Tal Galili (R-bloggers)



« A power analysis is a way to find either:
The effect size you'll be able to detect
given a set sample size, OR

« The sample size you'll need to detect a
specific effect size.

« «Doing a power analysis makes you think
critically about your proposed study.
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5.

AN Y2 T 200S

O o =

The design of the study and the type of measurements
— Paired data? Two groups? Three groups? Continuous data?

Nominal or ordinal data?

T'he variability of the data (e.g., standard deviation)

T'he significance level of the test

— Usually 0.05

The effect size of interest (Clinical significance)
— Ask yourself “What am I hoping to find?”

— And “Would 1t be important if I found half that difference?”
The sample size

What can you afford to do?



B A0 28 4=

1. The design of the study and the type of measurements

— Paired data? Two groups? Three groups? Continuous data?
Nominal or ordinal data?

2. The variability of the data (e.g., standard deviation)
3. The significance level of the test
— Usually 0.05
4. The effect size of interest (Clinical significance)
— Ask yourself “What am I hoping to find?”
— And “Would 1t be important if I found half that difference?”
5. Adequate power
— Usually at least 80% (or 90%)
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Common Statistical Errors
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Frequently used statistical methods
for independent continuous response

Parametric: One sample t-test
2. Non-parametric: Wilcoxon signed rank test

[

One sample

1. Parametric: Independent two-sample t-test

Independent . Non-parametric: Wilcoxon rank sum test (A.K.A. Mann-Whiteny U
two-sample comparison

test)
Three or more group 1. Parametric: analysis of variance(ANOVA) with multiple comparison
Comparison 2. Non-parametric: Kruskal-Wallis test
Relationship with 1. One predictor: simple linear regression

continuous predictors 2. Multiple predictors: multiple linear regression

Relationship with
continuous and
categorical predictors

[

Analysis of covariance (ANCOVA) or
2. General linear models (GLM)

26



Frequently used statistical methods
for correlated continuous response

1. Parametric: paired t-test
Paired data
2. Non-parametric: Wilcoxon signed rank test on differences

1. Repeated measures ANOVA (RM-ANOVA) or
Repeated measures
2. Linear mixed model (LMM)

27



Frequently used statistical methods
for independent categorical response

Relationship with one
categorical predictor

Relationship with
categorical and
continuous predictor

. Chi-square test with large sample

. Fisher’s exact test with small sample

. Simple linear logistic regression

. Multiple logistic regression for binary response

. Multinomial or ordinal logistic regression for categorical

response (more than two levels)

28



Frequently used statistical methods
for correlated categorical response

Paired categorical
data analysis

Repeated categorical
responses

1.

1.

McNemar’s test

Marginal model wusing generalized estimating
equation (GEE)

. Generalized linear mixed model (GLMM)

29



Frequently used statistical methods
Other methods

Correlation between
two continuous
variables

1. Pearson correlation coefficient or
2. Spearman’s correlation coefficient

1. Kaplan-Meier survival curve
Survival data 2. Log-rank test

3. Cox’s proportional hazard model

1. Sensitivity, Specificity

2. Kappa measure

3. Concordant correlation coefficient)
4

S

o
b
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. ROC Analysis including AUROC curve
. Bland-Altman analysis

30
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10.

Guideline

If in doubt, consult a statistician when you plan your study.

Define and justify a critical significance level a appropriate to the goals
of your study.

Identify your statistical methods, and cite them using textbooks or
review papers.

Control for multiple comparisons.
Report variability using a standard deviation.

Reportluncertainty about scientific importance using a confidence
Interval.

Report a precise P value.

Report a quantity so the number of digits is commensurate with
scientific relevance.

In the Abstract, report a confidence interval and a precise P-value for
each main result.

Interpret each main result by assessing the numerical bounds of the
confidence interval and by considering the precise P-value.
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— A Z0et AAe e AO[O £=H QI X}O| (systematic
difference)’ =X|SIH H 3k (bias)0| LA | RJCED SHC}

Z AR H2F (observer bias) X H7HHZF (assessment bias) — &
SAE(=7H)

w 2HHZF (confounding bias)

MEHI BF (selection bias) - 2t

St Sk (allocation bias) - A2 S 0| A{ H] FZEHHIH
MEH3F (information bias) - &8 2K}

ZTHHSE (publication bias) — Systematic Review

7| A4S (recall bias) — AH-CH =

AL 22T} (healthy entrant effect) - Z2E A
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.. a poor design cannot be salvaged by good
statistics.”

e Good Work = Team Work

— Get biostatisticians on board in the beginning
of the study.
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Study)
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e ZHE A (Observational Study)

- 290 OX|= 225 SHY = glel tHX|
2tEAE st g4t

— Of|: Cohort Study, Case-Control Study, Cross-
Sectional Study (E2Z&Af)

— A5t (epidemiological study): Y8k QI E]
Chs o2 Al FEINO| AE
J7tot= A0 & A0 Sotit
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W ZHEAESF (Confounding Bias)
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— MX[Zd 2T OM WEHH0| 2 S S USHA St 7HMZ
MEHSH= 2 (O] one-to-one matching)

- &3
o WEHASO| ZF £F0| A K| ot ROl =7F HAESHA EE ECHH
Of 2 WEtHSHS XAt = = 2250 Y
« Matching 22| 24U 2 HIX 2=,
ChA
- |
- WEHSO| 2T JUtE =8 WX 2 VN E H7|7F oE2
- BX2 AEUCER FET AEHEE A2 E EE2| =7t 7{ofg
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HoES ey L —
DEHENS BALE SAH Y
=3} (Stratification)

— WetH==0] FA F(homogeneous strata) LH Al X X[t 4
S Bk

— Of| A

TABLE |l Stratified Analysis of Nail Fixation Compared with Plate Fixation and the Effect on Development of Adult Respiratory Distress

Syndrome or Multiple Organ Failure™

Chest Injury No Chest Injury Total Cohort
Nail Plate Nail Plate Nail Plate
Developed adult respiratory distress 5 2 4 1 9 3
syndrome or multiple organ failure
Number at risk 117 104 118 114 235 218
Risk 0.043 0.019 0.033 0.009 0.038 0.014
Risk difference (95% confidence interval) 0.024 (-0.022, 0.069)* 0.025 (—-0.012, 0.062)* 0.024 (—-0.004, 0.054)
Summary risk difference (95% confidence 0.024 (-0.005, 0.053)1 P value = 0.11F
interval)
*Risk differences between strata are not significantly different; that is, no interaction (test for heterogeneity; pvalue = 0.96). 1Given the absence
of interaction, a pooled summary validly estimates the risk difference, adjusting for chest injury. $P-value testing the null hypothesis of no
association between treatment method and outcome, adjusting for chest injury and assuming no interaction.

Saam Morshed et al. Analysis of Observational Studies: A Guide to Understanding
Statistical Methods. J Bone Joint Surg Am. 2009:;91 Suppl 3:50-60
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» LA 2| E A (Multiple Regression)
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Ol = 2 X|AEl 3| Q X H| (odds ratio)
AATTER[ ] Al ZE S A0 H| [ Q& H| (hazard ratio)

|2
= (rate) ZOtS 3|4y £9| H| (rate ratio)
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0

— ZCt, o|& (2015) EHZANI XA H21&H N2
CH At

— HHEH{FEE FHOoZ AYE|D Qe AL AT AN (Korea National Health
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ratioZ} 1.23 (95% ClI: 0.76,
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1.98)C 2 0|=0| 7|ZHLI L2235

oLt Rolstx| Ye.
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