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WHY CATS MAKE BAD SCIENTISTS

DID YOU EAT
THE CONTROL

(C) Edwin Tan 2014 edtansrant.blogspot.com

From: https://me.mel/i/why-cats-make-bad-scientists-did-you-eat-the-control-1696661



Randomize whenever possible

« Randomization: The only method that controls for both known and unknown confounders
I « Avoid potential bias from unconscious or conscious selection of animal characteristics

* Avoid potential bias from animal positioning in cages/room

- Avoid potential batch effects for outcome measurements

Use a random number generator
- Get help from a professional biostatistician

“Stats in the Lab” Vignettes
httos://www voutube.com/watch?v=a4fUU85ABwC
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Account for clustering and nesting

For treatments applied to cages with multiple animals per cage, the unit of analysis is the

cage NOT the individual animals
Power and sample size are functions of cages AND animals

Account for clustering and nesting in the statistical model

-

-
o

atment A ==

“Stats in the Lab” Vignettes
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Account for the interference effects

I Overall effect _ _
Ample evidence that interference occurs
e e9© ® © ‘“ INn senescence and aging research:
‘O O D " : O ‘the developmental dietary history of an animal
& .OO © O regulates its own longevity and that of its conspecific

0® © ‘. O @) neighbors” obata et al. 2020

C @ ® D results suggest that physical interference between
. o neighboring individuals due to crowding negatively

affects growth and reproduction in daphniids” sanetal.
2012

O Individual assigned to treatment .
It has been shown that senescence and SASP

production can trigger senescence in neighboring
cells via paracrine signaling, a phenomenon that has

been referred to as bystander senescence” childs et al.
2014
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. Individual assigned to control

Adapted from Benjamin-Chung et al. 2018




Consider environmental and design heterogeneity

Highly standardized conditions are often used in

experimental studies. PLOS BIO LOGY

I Could the outcome of the study, e.g., mean life span, be & OPENACCESS B PEERREVIEWED
dlﬁe rent META-RESEARCH ARTICLE
1. Had the animals been left in their natural habitat? Reproducibility of preclinical animal research improves with
2. If the conditions or the design are slightly altered? heterogeneity of study samples
Bernhard Voelkl, Lucile Vogt, Emily S. Sena, Hanno Wiirbel [=]
HOW does thls aﬁ‘ect reproduc:lbl“ty Of results |n anlmal Published: February 22, 2018 « hitps://doi.org/10.1371/journal.pbio.2003693
studies?
Naked mole-rat The call:

1. More comparative empirical work needed to
ascertain and bridge any differences, if existing.

2. Collaborations between bio-gerontologists and
field biologists.

3. Encourage data sharing and design regulations
that allow for data sharing across laboratories

In the wild In the lab and different fields of studies.

Image credit: Shutterstock
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Utilize the appropriate between-group statistical
comparison in randomized experiments

I Conclusion of “Nordic walking for geriatric
rehabilitation: a randomized pilot trial” is based on

faulty statistical analysis and 1s Inaccurate

David B. Allison &, Michelle S. Williams, Gregory A. Hand, John M. Jakicic & Kevin R. Fontaine

=

Pages 1692-1693 | Published online: 19 Jan 2015

"l:. Chack for updates

gk Download citation http://dx.doi.org/10.3109/09638288.2014.1002580

Incorrect statistical method in parallel-groups RCT led to
The American Journal of unsubstantiated conclusions

C LINICAL NUT RlT ION David B. Allison i , Lisa H. Antoine and Brandon ). George
Best (but Oft forgotten) pracﬁces: testing Lipids in Health and Disease 2016 15:77 | DOI: 10.1186/512944-016-0242-3 | © Allison et al. 2016
for treatment effects in randomized trials

Received: 3 December 2014 = Accepted: 21 March 2016 | Published: 15 April 2016

Abstract
by separate analyses of changes from
baseline in each quoup iS a IIliSlBad_iIlg The article by Aiso et al. titled “Compared with the intake of commercial vegetable juice, the intake of fresh
1 fruit and komatsuna (Frassica rapa L. var perviridis) juice mixture reduces serum cholesterol in middle-aged
a Iloach N : men: a randomized controlled pilot study” does not meet the expected standards of Lipids in Health and
pp dOI ’ 10 3945/a]cn ’ 115 ’ 119768 Disease. Although the article concludes that there are some significant benefits to their komatsuna juice

mixture, these claims are not supported by the statistical analyses used. An incorrect procedure was used to

- 2 o 3
J Martin Bland ** and Douglas G Altman compare the differences in two treatment groups over time, and a large number of outcomes were tested




Plan your power and sample size

Power and sample size for survival analysis under
the Weibull distribution when the whole lifespan is

of interest Murine genetic models of obesity: type | error rates and the power

Moonseong Heo, Myles §. Faith, David B. Alison * of commonly used analyses as assessed by plasmode-based

simulation
1.0 ——
kappa = 5 f/ Keisuke Ejima'? - Andrew W. Brown (5? - Daniel L. Smith Jr*>® . Ufuk Beyaztas’ - David B. Allison'
08 /
/
/ /
/
_ 0B 7 / /r’ kappa = 3 .
§ /" / // Accurate and flexible power calculations on the spot:
/ 4 o . . .
04 - /’ /f' /// Applications to genomic research
/ - g
/ / /,-/ kappa = 1 Hemant K. Tiwari ,
02 - Ve //‘” Department of Biostatistics, Section on Statistical Genetics, University of Alabama at
/ _— Birmingham, Birmingham, Alabama, USA, htiwari@uab.edu
0.05 4 — Thomas Birkner,
! ! ! Department of Biostatistics, Section on Statistical Genetics, University of Alabama at
1.0 1.1 1.2 1.3 1.4 1.5 Birmingham, Birmingham, Alabama, USA
(a) R Ankur Moondan,
10 - o — Indian Institute of Technology, New Delhi, India

ya Shiju Zhang,
ff St. Cloud University, St. Cloud, MN, USA
08 - kappa=5 /

Grier P. Page,

fx / Research Triangle Institute International, Atlanta, GA, USA
0.6 1 : ,’/ - Amit Patki, and
% /’ kappa = 3 /,-'/ Department of Biostatistics, Section on Statistical Genetics, University of Alabama at
(=%

/ / Birmingham, Birmingham, Alabama, USA
0.4 / David B. Allison

) /"/ Department of Biostatistics, Section on Statistical Genetics, University of Alabama at
" kappa = 1 Birmingham, Birmingham, Alabama, USA
0.2 7 Clinical Nutrition Research Center, University of Alabama at Birmingham, Birmingham, Alabama,
USA
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(b) R

Fig. 2. Power curves for the varying k: (a)=0, (b)=1.



Testing for effects beyond the mean

Generalized lambda distribution for flexibly testing differences
beyond the mean in the distribution of a dependent variable
such as body mass index

K Ejirma’™ G Pavela®™®, P LIY and DB Allison -2

Research Letter

(UANTILE REGRESSION—OPPORTUNITIES AND CHALLENGES FROM A USER'S PERSPECTIVE

012 w— low educated
high educated
& 0.08
¥ !
3 £
0.04 y N
0.00 .‘ B
0 20 40 60 80 s
BMmi 2 0.12
0.12 noemal dstrbution GLD
d 0.10 0.10
- 008 ~ |
i i ’
0.04 14 . 0.08 0.08 4 |
L N
' ta 5, \ o ; v
0.00 ' .y foo e \ -
' 2 006 : # 006 (i
0 20 40 60 80 2 \ 2 ‘
BMI ‘ | j \
Figure 1. Distribution of BMI by education. The dashed lines show 0.04 / 0.04 4 f \ e
the estimated distributions. Upper panel: complete data set; lower \ ] \
PADSE N IRENTEIac B Reape. 0.02 i ' 0.02 ) Figure 1. Two distributions may differ with respect to A) their mean
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Figure 2. Distribution of residuals. Right panel: normal distribution;
left panel: GLD. The lines show the fitted distributions.

Issue: Distributional assumptions of conventional statistics Issue: Measures of central tendency

methods may be violated in some situations. only change a little when the
distribution changes at the tails.
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Maximum Lifespan testing

Objective: To compare longevity among the animals that
lived the longest

Available online at www.sciencedirect.com

Set threshold 1 for “old” age across sm“ce@m“cv mechanisms of ageing
animals in all groups combined o and development
lI ELSEVIER Mechanisms of Ageing and Development 125 (2004) 629-632
www.elsevier.com/locate/mechagedev
Set variable Z;

— T Statistical methods for testing effects on “maximum lifespan™

— HH‘-H_* - a,b.1 - -a - ab - - c . - a,b, %
7. =Y, where Y, for animal i if Chenxi Wang™™', Qing Li", David T. Redden™", Richard Weindruch®, David B. Allison™™"
b ! Z; = 0, otherwise

survival time ¥; > 1

BMC Medical Research O)
MEthOdOlogy BioMed Central

Perform a Wilcoxon-Mann Whitney
test to compare the distributions of Z
between the two groups. Research article
Testing for differences in distribution tails to test for differences in
— 'maximum’ lifespan
The Kruskal-Wallis test could be used Guimin Gao!, Wen Wan#, Sijian Zhang>, David T Redden!23 and
for multiple group comparisons David B Allison*1.2.3

NOTE: 1 is commonly the 90" percentile of survival across the two groups
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Tests and power for negligible senescence

. Mortality rate doubling, initial mortality rate, * Thus, there is the need for solid statistical

I and survival methods have previously been approaches to accurately determine negligible
used to test negligible senescence. senescence.
b s of S
« Some of these measures are averred to po1 i bSOy
have failed to accurately capture negligible
senescence. TESTING FOE MONOTONE INCEEASING HAZAERD EATE
A of Grotsialots: MIOLOGICAL SCHDICES Copvriahe FPOE b Toe Geranpebeion Seciey of A BY PETER HALL AND INGRID VAN KEILEGOM!

1 '-\.:J .".‘-.ﬂ. Mo 4, BIN-BOW
Australian National University, and Australian National University
and Universite Catholique de Louvain

Variations in Senescence and Longevity Include
A test of the null hypothesiz that 2 hazard rate is monofons nondecreas-

the PDSSiblht}’ Df Neghgiblﬂ Senescence ing, versus the altemnative that it is not i proposed. Both the test statistic

and the means of calibrating it are new. Unlike previons spproaches, neither

is based oa the assumption that the oull disoibutdon is exponential. Instead,
Caleb E. Finch emnpirical information is used to effectively idsntify and eliminate from for-
ther consideration parts of the line where the hazard rate is clearly increasing;
and to confine subsequent attention only to those parts that remain. This pro-
duwces a test with greater apparsnt power, without the excessive conservatism
of exponentizl-based tests. Ouar approach to calibration bormows from ideas

Andrus Gerontology Center and Deparimeni of Biological Sciences, University of Southern California.

The variation: in senescrnce obtorved fn different species span an enormous roage of rates thad may be describved . B - . . i s i (e
by movtality rare doubliag fimer. This review condiders examples of very slowly cemeicing conifers and fich from used in EE:-F‘ID ‘!]IEE.IIE. for 'I.L'I:I.L'III:IIj.EllT_'rl:IfE. q@.Elﬁ. ]II ‘EI.E 2 tlal:lli'l'rl.ﬂu:l =

natural populations in which advanced age may not compromise reproductive functions. There is thus a bavis for creased uatil a dismibution with the desired FToperoes 1 obtained However,
coniidring the postibility thai iome organiims may expericnce nepligible degrees of iémedcence in ceriain environ- the test statistic does not imvolve any smoothing, and is, in fact, based directdy
aneais, A bzsue bank v wrgently aceded b0 provide specimeas of loag-lived onpaaitmy for study of potsible arki- iy s " g
aging mechaniims that peronit achievement of grear ages. on an assessment of coovexity of the distnbution fmction, using the comren-

tional empirical distribution. The test is shown to have optimal power prop-
erties in difficult cases, where it is called upoa to detect a small departure, in
the form of 2 bump, from monotonicity. More general theoretical properties
of the test and ifs oumernical performance are explored.
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Compression of morbidity versus survival curve-squaring

» These are two different concepts.
« However, they are often confused and conflated.

Compression of Morbidity Theory by Dr. James Fries (1980)

Possible scenarios for future morbidity and longevity. Present lifetime morbidity,
portrayed as the shaded area, is contrasted with three possible future scenarios.

Squaring the survival curve in human populations
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Sources: Fries JF. Measuring and monitoring success in compressing morbidity. Annals of Internal Medicine. 139(5 Pt
2):455-9, 2003 Sep 2. ; Rafael de Cabo,

Translational Gerontology Branch, National Institute on Aging, NIH.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2424092/pdf/0981163.pdf

Report well; follow the ARRIVE Guidelines

Animals Housing and Husbandry  Diet
e Strain/genotype e Type of cage e Background chow
o Sex e Type of bedding e Control diet
e Age e Room temperature e Eating frequency
e Source e Photoperiod e \Water quality
e Number of companions
Examples of items in the ARRIVE reporting guidelines

“ARRIVE Essential 10” (the basic minimum)
1. Study design 6. Outcomes
2. Sample size 7. Statistical methods
3. Inclusion and exclusion criteria 8. Experimental animals
4. Randomization 9. Experimental procedures

5. Blinding

INDIANA UNIVERSITY BLOOMINGTON

10. Results

https://arriveguidelines.org



Report well; use standardized effect size indicators

I Not all metrics of effect size are easily interpreted.

Aging ANATQMICAL
EREEIDE Abstract
ORIGINAL PAPER | @ OpenAccess | @ @ In genetically heterogeneous mice produced by the CByB&6F1 x C3D2F1 cross, the
17-a-estradiol late in life extends lifespan in aging UM-HET3 male “non-feminizing” estrogen, 17-a-estradiol (17aE2), extended median male lifespan by
mice; nicotinamide riboside and three other drugs do not affect
lifespan in either sex 19% (p < 0.0001, log-rank test) and 11% (p = 0.007) when fed at 14.4 ppm start-
David E. Harrison &%, Randy Strong, Peter Reifsnyder, Navasuja Kumar, Elizabeth Fernandez, Kevin Flurkey. |ﬂg at 16 and 20 month Sy rESﬂECtiVEIY. 20th perce ntile |ifE5pa ns were extended 7%

Martin A. Javors, Marisa Lopez-Cruzan, Francesca Macchiarini, James F. Nelson ... See all authors

Effect size was reported as 11% median longevity increase from birth. If calculated from time of treatment (20
months), the effect size was 45%.

Standardized mean difference (Cohen’s d) , Cohen’s f, Eta Squared, Hazard ratio reduction,
etc. each has advantages and disadvantages.

For the ideal situation (freedom in reporting and comparison across studies):
publicly deposit your raw data
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“To call in the statistician after the experiment is done
may be no more than asking him to perform a post-
mortem examination: he may be able to say what the
experiment died of.”

R.A. Fisher

Contact the NSC for study design and analysis assistance:

- https://nathanshockcenters.org/university-of-alabama
- shockcenter@uab.edu
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FULFILLING the PROMISE



