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Critical Evaluation of the §éientific

Confounding

tatistical error or “moisc” has 2

broad deleterious impacts on our
ability to accurately estimate the effect:
(B) of a treatment or management
procedure (Fig 1). [Imprecision, we.
have seen (Vol 4 No 22, Sept 1§, °
1991), reducss our ability © resolve
true effecss, but the problem can be

avoided by providing adequate sample

size. Readers of research reports can -
almost always evaluate the degree of -
imprecision and the accuracy of con--
clusions by, at most, a few simple-
computations (conideacs intervals).
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Bias, the other deleterious impact of Figure I Confounding bias results from differences in
error, is much more insidious, and the  exzraneous variables berween comparison groups.

reader must seek clues in the methods -
and results secdions. The degres to
which an cstimats is free of bias is
termed its validity.
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Fig. 2 contrasts precision and validity.
Where imprecision results in a random
scatter of the “builez holes” around the

*bull's eye", bias results in the pattem

being displaced away from the true ef- .

fect. Increasing sample size will always
improve an imprecise estimate but will
only make a biased one worse since the

pattern will "tightea® around the wrong ..

center. Several sources of bias exist, but
confounding bias is the most difficult +

for researchers to avoid and thus must 3 -
receive substantal aention in critically |

revicwing scientific papers. R
As an example of confounding, sup-

pose a clinical trial was attempting to
evaluate the effect of iron injectons in
pewborn Holstein heifers on gtv.i\fvth"i
rate and morbidity. In the trial herd,
fike in most US hexds, 40% of ncw-
born calves had low passive immmune
levels a3 defined by < § Grdl tonl |
serum protein (TP). Suppose further
that in allocating calves to treatment |
group, the control group ended up with
60% low TP and the treatment group
with only 20%. Evenif iron injections
truly have no effect on morbidity or
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growth rate, we would not be surprised
to scc an advantage (especially in
morbidity) among injected calves. Our
ability to evaluate the eifect of irom
injections is said to be confounded by
TP. Even though we have every reason
to believe that TP is an important var-
iable in the health of calves, it is
considered an extraneous variable here
because it is not the varisble of im-
mediate interest,  Confounding is pro-
.| duced by exraneous variables that are
"' unequally distributed among the treatment
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Figure 2. Imprecision results in scater around the bull’s
eye. Bias results in a pestern centered away from the bull’s
1

eye.

Literature

bias is the grear nemesis of empirical research, and the abiliry to identify ir in scientific
. papers is fundamental to critical evaluation.

groups. It can either obscure a true ef-
fece, create the illusion of an eifect
where aone exists, or give us an effect
estimate (eg, for benedt/cost analysis)
that is artificially high or low.

4 ways to control
confounding.

Several tools are used to ceagol con-
founding bias. The following is a brief
description of each. Case studics in
upcoming issues will relas them to
parcicular scientific articles.

Random allocation. In the iron injec-

tion trial, the strong aggregaton of low
TP in one group should lead us to con-
clude that effective random allocation
was not used. The treatment and control
group will not be perfesty identical in ail
ways even when random allocation is
used correctly, but large differencss are
very unlikely. The beauty of effectively
used random allocation is that it will
usually distribute, a¢ least roughly, a
myriad of potential confounders, both

_ Ynown and unknown. Indeed, random al-

locadion is the only way to control for un-
known confounders, and we cannot be
fully confident in the validity of any
eifect estimate where random alloca-
tion was not used. PO
At Jeagt 3 good methods of random al-
location exist. The best is o use &
random numbers table to assign animal -
ideatification numbers to treatment.
Systemadc allocation of alemating
animals in some sequential order (say
birth order or cartag number) is effec-
tive if it is faithfully followed. Anath-
cr scheme that is sometimes used effec-
tively is to place coded pieces of paper
(poker chips, etc) into 2 paper bag
(hat, urn, etc) with each code standing
for 1 different treatment.  As ech
animal becomes available, 1 marker is
dmawn for it and it is allocated to the



appropriate group; this method could be -

called “random distributon”.

Assessing the random aflocation scheme
is the single most important aspect of ezi- -

tical reading of articles reporting the re-
sults of clinical trials and experiments.
Some writers make this simple: they spell
out the means of random allocation (on
what basis was a particular animal assign-
ed), and they show us the disaipution of
suspected conjounders (say TP) in the
different wearment groups. Most do not,
and we must look for clues:

Clue 1. If materials and methods states
that random allocation was used but does
not indicate how it was done, the most
likely reason for the omission is that the
scheme did not adhere to any conventica-
al sandard (ie. the ever-popular Hapha-
zard Allocation Scheme was used in-
stead).

Clue 2. If 2 random allocation scheme
is mentdoned in the materials and meth-
ods thac would be expected to result in
roughly equal group sizes but the group
sizes reported are gready different, it is
likely that at least some animals found
their way into groups without being ran-
domly allocated. )
Clue 3. If the descriptive statistics of
poteatial confounders (or any variable
even if not a suspected confounder) are
gready  dissimilar between Geament
groups, it is unlikely that an effective al-
location scheme was followed (e.g., dif-
ferences in TP distibution in the treat-
ment groups of a neonatal calf trial). "<

v .

Stacisticians who have analyzed data from

haphazardly “randomized” trials are ex-
tremely critical of the above omissions

and discrepancics because they have seen
the insidious effects of confounding and
how common they are unless effective al-
location is used. The wary reader will
not trust the conclusions of stdics in
which such problems are observed. T X

)
Restriczion. Two forms of restricdon ex-
ist. In complete restriction, we limit
our trial to animals that meet specified’
criteria. For example, the above men-’

tioned iron injection trial in ncomaml -
c:lvacouldbcmiwdtnalveswim:'

TP > 5.0 g/dl. Compice restricdon ' is’

sometimes used in an agempt o improve

power of morbidity/mortality studics. In'
this use, the trial is limited to high risk
individuals—say, calves with TP < §
g/dl. A smaller sample 3ize is required

to detect an effect of specified magnitude * .

if high risk individuals arc used.  Yet,

this use of complete restriction inevitably )

raises questons of external validity, a
concept to be addressed in a later jssue.

In partial restriction we agempt o
provide equal numbers of animals n the
strata of poteadal confounding variables.
We randomly allocate within the straca.
For example, in the iron injection trial,
we could determine a calf's TP satus (<
S or 5+ Gidl) and randomly allocate
within each group. This would ensure
equal numbezs of calves in the TP strata,
thus avoiding confounding. In pair
matching, the strata consist of only one
individual per treatment closely matched
on several extraneous variables. Though
this approach has intuitive appeal. itis
usually unnecessary in properly random-
ized and analyzed trials. We should not
pecessarily discriminate against studies
that do not use partial resgicdon even
when obvious confounders exist.

Phvsical control of extrancous variation.
In cormin types of scicadfic studies
(clinical trials and cbservational studies),
the animals under observatdon are not
maintained in 2 carcfully controlled
research facility but are dispersed in dif-
ferent locations, fed different diets,
housed somewnat differently, and gen-
erally exposed o wide differsnces of
environment. If animals are randomly
allocated across the different types of eo-
vironments, fajiure to physically control
the environment does not introduce con-
founding. If randomization is mnot
possible (observational studies), dif-
ferences in eavironment introduce some
major difficulties in interpreadon. § o
. g
Statistical _control _of confo
Avoiding coniounding does not require .

that treatment groups be identical with

respect to poteadal confoundess as long’
as we know what the confounding vari-
ables are and measure them for each in-

dividual in the wial. A welbox of sm-"

tistical methods has been developed to -
segregate the effect of confounders from -

the effect of interest (c.g., the treatment
effect). An important bonus of this seg-

regxdonisdz&bymovingmceﬁeg‘
of sclected: extraneous varisbles, we xg-_f’

duce the noise and thus increase the pow- = -,

er of the study. In the iron injection trial
the segregation of TP from error would

‘occur by extending the model:

Y=BX+ CT + E

where Y is, say, number of sick days for
agivenalf.Xisthctramentmup"
(iron injection=1 or no injcction =0), B
is the cffect of iron injection vs oo

injecdon, T is the total protein of
given calf, C is change in Y for each
increment change in TP (ie, the slope),
and E is error.  Compared to the simpler
model in which the effect of TP is con-
tained in E, the power of the model wit
CT is greater since E has been reducea
(assuming that C is non zero and that TP
does have an effecs on number of sick
days).
Anyone who foilows the scientific Lit-
czamure, particularly the Animal Sciences,
encounters mathemasical models far more
compiex than the simple example shown
here. A full grasp requires a few grad-
vate level stadstics courses, but an
intuitive understanding is needed to czi-
ticaily evaluate ardcles conwining such
modeis. Simpiy put, their purpose is to
isoiate the effects of seiected confounders
from ezror. This results in 2 beneds:
(1) the diswordon of coniounding bias is
eliminated if the treatment groups wers
not idendcal with respest to the
confounders, and our estimate of treat-
ment eSest is thereby "adjusted” as if the
confounders did not exist; and
(2) by seducing the overall noise in the
model we get more power out of 1 given
sampie size and can thus get 1 mors
precise sstimate of treatment eifest.
Returning to the target shooting metapho*
of Fig 2. statsdcal conwol of confoun:
ders heips to ceater our shot pattern
around the bull's eye and to tighten up its
disgibudon. What stadstical models
cannat do, however, is climinate the con-
founding due t variables not in the mo-
dei (e, unknown extrancous variables).
This point is key to intespreting obser-
vational studies, a subject to be takea up
eved
Coming in the next issue: critical
review of allocation in 3 clinical triais
evaluating prostagiandin therapy for
postpartum disease in dairy cows. "}
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