Confounding in health research
Part 1: Definition and conceptual issues
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Why is confounding so important in 000

epidemiology? §§:°

e BMJ Editorial: “The scandal of poor epidemiological
research” [16 October 2004]

e “Confounding, the situation in which an apparent
effect of an exposure on risk is explained by its
association with other factors, is probably the
most important cause of spurious associations in
observational epidemiology.”

BMJ 2004,;329:868-869 (16 October)



Overview

e Causality is the central concern of epidemiology

e Confounding is the central concern with establishing
causality

e Confounding can be understood using at least 4
overlapping approaches

e A strong understanding of various approaches to
confounding and its control is essential for all those
who engage in health research



Causality (etio-gnosis): the central

concern of epidemiology

e Most fundamental application of

epidemiology: to identify etiologic (causal)
associations between exposure(s) and

outcome(s)

Exposure

Outcome




ontradictory causal claims have greatly
tarnished the reputation of epidemiology

Figure 3: New England Journal of Panic-Inducing Gobbledygook.
Source: Jim Borgman, The Cincinnati Enquirer (27 April 15997, E4)
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Epidemiology Faces Its Limits

The search for subtle links between diet, lifestyle, or environmental factors and disease is
an unending source of fear—but often yields little certainty

The news abour health
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these days, and it seemsal
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Do We Really Know What Makes Us Healthy?

Once upon a time, women took estrogen only ta relieve the
hot flashes, sweating, vaginal dryness and the other
discomforting symptoms of menopause. In the late 1960s.
thanks in part to the efforts of Robert Wilson, a Brooklyn
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papers and other media often report the
claims uncritically (see box on p. 166). And
50 the anxiety pendulum swings at an ever
more dizzying rase. “We are fast becoming a
nuisance to sociery,” says Trichopoulos
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Question: Do you want to reduce .

your risk of Alzheimer’s? °

Answer: be dutiful and conscientious about your
601 coursework!



Here is why...
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Goal-driven achievers less prone to . YoM
Alzheimer's

FPurposeful pers
® 3Some achievers

Mext Article in He:

TEXT ZIZE

CHICAGO, lllinois (AP) — A surprising study of elderly people suggests that those who see themselves as
self-disciplined, organized achievers have a lower risk for developing Alzheimers disease than people who
are less conscientiocus.

A purposeful personality may somehow protect
the kbrain, perhaps by increasing neural
connections that can act as a reserve against
mental decline, said study co-author Rohert
Wilsan of Rush University Medical Centerin
Chicaga, lllinais.

Astoundingly, the brains of some of the dutiful
people in the study were examined after their
deaths and were found to have lesions that would
meet accepted criteria for Alzheimers — even
though these people had shown no signs of
dementia.

When the researchers took into account a combination of risk factors, including smoking, inactivity and
limited social connections, they still found that the dutiful people had a 24 percent lower risk of Alzheimers
compared to people with the lowest scores for conscientiousness.




Confounding: a central concern 14

with etiologic research -

e Confounding is one of the most important issues
with establishing causality in epidemiologic research

e Spurious causal claims may often be due to
unaddressed confounding

e Most of us intuitively understand confounding, even
If we have never formally studied it!



Who has higher wound infection oeee

rates: junior or senior o0
surgeons?

Anti-snake venom: too much is fatal?

Tropical Medicine and [mcrnminnal{l:?calth doi 10111141 565-31 56 200501 555 x

VOLUME TT NO I PP 22-30 JANUARY 2006

Clinical predictors of in-hospital mortality in patients with snake
bite: a retrospective study from a rural hospital in central India

Shriprakash Kalantri'-2, Amandeep Singh', Rajnish Joshi'%, Samuel Malamba®, Christine Ho?, Joseph Ezoua® and
Maureen Morgan"

1 Department of Medicine, Mabatma Gandhbi Institute of Medical Sciences, Sevagram, India
2 Division of Epidemiology, University of Califormia at Berkeley, Berkeley CA, USA

Summary opfEcTivE  To determine the association between selected admission risk factors and in-hospital
mortality in patients admitted with venomous snake bite to a rural tertiary care hospital in central India.
METHODS  Retrospective cohort study of patients aged 12 years or older admitted to a rural hospital in
central India between January 2000 and December 2003 with venomous snake bites. The primary
endpoint was in-hospital mortality, We wed Cox proportional-hazards regression analysis to evaluate
the association between risk factors (home-to-hospital distance, bite-to-hospital time, vomiting,

It serum inine o ion and whole-blood clotting time) and

NEUrotOXICItY, urine
in-hospital mortality.
rResULTS Two hundred and seventy-seven patients [mean age 32 (SD 12) years; 188 men (68%:)]
were admitted with venomous snake bite, 29 patients (11%) died. The probability of survival at day
7 was 83%. Vomiting [hazard ratio 6.51 (95% CI 1.94-21.77), P < 0.002], neurotoxicity [hazard
ratio 3.15 (925% C1 1.45-6.83), P = 0.004] and admission serum creatinine concentration [hazard
ratio 1.35 (95% CI 1.17-1.56), P < 0.001] were associated with higher risk of death in the adjusted
analysis,
coNcLustons  In our rural hospital setting, the overall mortality rate was 11 per 100 cases of snake
bite, Vomiting, neurotoxicity and serum creatinine are significant predictors of mortality among inpa-
tients with snake bite. These predictors can help clinicians assess prognosis of their patients more

ly and parsimoniously and also serve as useful signposts for clinical decision-making.




Confounding is one of the key biases in identifying

causal effects

Causal Effect
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Adapted from: Maclure, M, Schneeweis S. Epidemiology 2001;12:114-122.
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Confounding: T
4 ways to understand it!

1. “Mixing of effects”

2. “Classical” approach based on a priori
criteria

3. Collapsibility and data-based criteria

4. “Counterfactual” and non-comparabillity
approaches



First approach: eecs

Confounding: mixing of effects| :

e “Confounding Is confusion, or mixing, of
effects; the effect of the exposure is mixed
together with the effect of another variable,
leading to bias” - rothman, 2002

Latin: “confundere” is to mix together

12
Rothman KJ. Epidemiology. An introduction. Oxford: Oxford University Press, 2002



Example

Association between birth order and Down syndrome

Affected Babies per 1000 Live Births

Birth Order

Data from Stark and Mantel (1966)

5+

Source:

Rothman 2002

13



Association between maternal age and Down syndrom

Affected Babies per 1000 Live Births

i - T — -
<20 20-24 25-29 30-34 40+
Maternal Age

Data from Stark and Mantel (1966) Source: Rothman 2002

1T

14



Association between maternal age and Down syndrome, stratified

birth order

Cases per
000 Births
S
222X

1
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o
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Birth Order

Age

T f

Data from Stark and Mantel (1966) Source: Rothman 2002

15



Mixing of Effects: the water pipes analogy 994

[/ —_

Exposure

Confounder

Exposure and disease
share a common cause (‘parent’)

[/ —_

QOutcome

Mixing of effects — cannot separate the effect of exposure from that of confounder

16

Adapted from Jewell NP. Statistics for Epidemiology. Chapman & Hall, 2003



0000
.. y 0 (Y
Mixing of Effects: “control” of the confounder | ese®
o
@ Confounder
If the common cause (‘parent’)
is blocked, then the exposure —
disease association becomes
clearer
[/ —_ [/ —_
Exposure QOutcome

Successful “control” of confounding (adjustment)

Adapted from: Jewell NP. Statistics for Epidemiology. Chapman & Hall, 2003 o



Second approach: “Classical” approach | sss.

based on a priori criteria 3T

“Bias of the estimated effect of an exposure on an outcome
due to the presence of a common cause of the exposure
and the outcome” — Porta 2008

e A factor is a confounder if 3 criteria are met:

e a) a confounder must be causally or noncausally
associated with the exposure in the source population
(study base) being studied,

e Db) a confounder must be a causal risk factor (or a
surrogate measure of a cause) for the disease Iin the
unexposed cohort; and

e C) a confounder must not be an intermediate cause (in
other words, a confounder must not be an intermediate
step in the causal pathway between the exposure and the
disease)

18



Confounding Schematic

Confounder

N\

Exposure = Disease (outcome)

E D

Szklo M, Nieto JF. Epidemiology: Beyond the basics. Aspen Publishers, Inc., 2000.

Gordis L. Epidemiology. Philadelphia: WB Saunders, 4" Edition.

19



Intermediate cause s

EXPOSUIE wmp Confounder = Disease

E C D

20



General idea: a confounder could be a o
‘parent’ of the exposure, but should not be
be a ‘daughter’ of the exposure

E D

Confounder

C

21



0000
Example of schematic (from Gordis) 11T
o
A. Causal B. Due to Confounding
Coffee Coffee
- Drinking f Drinking f o)
o o
© o
< >
g 7
> 8.
O Pancreatic f Pancreatic f =
Cancer Cancer

Gordis: Epidemiology, 4th Edition.
Copyright © 2008 by Saunders, an imprint of Elsevier, Inc. All rights reserved

22



Confounding Schematic 44+

Confounding factor:
Maternal Age

C

Birth Order =——————————m Down Syndrome

E D

23



Are confounding criteria met? |s::

Association between HRT and heart disease

Confounding factor:
SES

/ N\

HRT use ——————p Heart disease

24



Are confounding criteria met? |s::

Should we adjust for age, when evaluating the association
between a genetic factor and risk of breast cancer?

Confounding factor:
Age

/ \No!

BRCA1 gene — Breast cancer

25



Are confounding criteria met? ool

Confounding factor:
HPV

7\

Sex with multiple partners = Cervical cancer

26



What if this was the underlying causal
mechanism?

Sex with
multiple
partners

cancer

27



Are confounding criteria met? ool

Confounding factor:
Hypertension

/N

Obesity —>  Mortality

28



What if this was the underlying causal | se2

mechanism? 5

Obesity =——=>b Hypertension = Mortality

29



Direct vs Indirect effects :e

Indirect effect

Obesity =——=>b Hypertension = Mortality

Indirect effect _
Obesity =——» Hypertension = Mortality

Direct effect

Direct effect is portion of the total effect that does not act via an intermediate cause



Confounding




Epidemiologic Perspectives & 0) 000

H . 0000
Innovations BioMed Central ©® 5o
00
Analytic Perspective Open Access o0
Teaching: the role of active manipulation of three-dimensional o

scatter plots in understanding the concept of confounding
Cora MC Busstra*!, Rob Hartog? and Pieter van 't Veer!

Exercise 'A 3D view to confounding’

Explanation:

The total module consists of three parts, each describing the results of a (hypothetical) study on fiber intake and blood pressure. Body weight is taken into
account because this is a risk factor for blood pressure and therefore might confound the association between fiber intake and blood pressure.

In the first part, there is no association between body weight and fiber intake in the study. Guided by several questions the student had to conclude that
body weight was not a confounder. In the second part, fiber intake was negatively associated with body weight. In that study, body weight is a confounder.
The demo on this site shows the introduction to this part together with two of the questions. The third part of the module describes a study in which fiber
intake is positively associated with body weight, in that study body weight is also a confounder.

Confounding: Study 2

Another research group conducted a similar study but in a different
population. In this population subjects with high fiber intake tend to be
more health conscious and also have lower body weight, i.e. fiber intake
is inversely associated with body weight.

View the animation of this study in a 3D plot (animation 2). Study the plot
and the projections in this plot (take your time). After that go to the next

question http://pkedu.fbt.wur.nl/cora/demdsite/



Simple causal graphs :

T

v
v

Maternal age (C) can confound the association
between multivitamin use (E) and the risk of certain
birth defects (D)

Hernan MA, et al. Causal knowledge as a prerequisite for confounding evaluation: an appftéation
to birth defects epidemiology. Am J Epidemiol 2002;155(2):176-84.



Complex causal graphs :

U

v
v

History of birth defects (C) may increase the chance of
periconceptional vitamin intake (E). A genetic factor (U) could
have been the cause of previous birth defects in the family, and
could again cause birth defects in the current pregnancy

Hernan MA, et al. Causal knowledge as a prerequisite for confounding evaluation: an 34
application to birth defects epidemiology. Am J Epidemiol 2002;155(2):176-84.



More complicated causal graphs! | e

Physical
Act|V|ty

\ w7
NN

E—»D

Calcium Bone
supplementation fractures

Smoking

35
Source: Hertz-Picciotto



The ultimate complex causal graph! oo

PopulationiPopular Support
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A PowerPoint diagram meant to portray the
complexity of American strategy in Afghanistan!



Confounding
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Third approach: Collapsibility and data- | see:
based approaches S

According to this definition, a factor is a confounding
variable if

e a) the effect measure iIs homogeneous across the strata
defined by the confounder and

e Db) the crude and common stratum-specific (adjusted) effect
measures are unequal (this is called “lack of collapsibility”)
e Usually evaluated using 2x2 tables, and simple
stratified analyses to compare crude effects with
adjusted effects

“Collapsibility is equality of stratum-specific measures of effect with the crude

38
(collapsed), unstratified measure” Porta, 2008, Dictionary



Crude vs. Adjusted Effects 4

e Crude: does not take into account the effect of the
confounding variable

e Adjusted: accounts for the confounding variable(s)
(what we get by pooling stratum-specific effect
estimates)

e Generating using methods such as Mantel-Haenszel
estimator

e Also generated using multivariate analyses (e.g. logistic
regression)
e Confounding is likely when:
e RR =/= RRadjus‘[ed
e OR =/= OR

crude

crude adjusted

39



Hormone replacement therapy and eeeo

cardiovascular disease oo

Not adjusted for
socioeconomic status

Pleffer et al 1978 .
Hernandez Avila et al 1990 .
Mann et al 1994 -
Heckbert et al 1997 -
Grodstein et al 2000 -
——
-
]

Varas-Lorenzo et al 2000
Combined

Adjusted for
socioeconomic status

Rosenberg et al 1993
Sidney et al 1997
Sourander et al 1998
Combined

0.2 0.5 1 2 ]

Refative risk or odds ratio 40

BMJ 2004,;329:868-869 (16 October)



For a more in-depth analysis of this | g23¢
case study, see B-File #1 :

T #E(B)FILES

Case studies of bias in real life epidemiologic studies

Bias File 1. The Rise and Fall of Hormone Replacement Therapy

41



Stratified Analysis -4

L
Crude Crude 2 x 2 table o
OR; 4 Calculate Crude OR (or RR)

Stratify by Confounder

Stratum 1 Stratum 2 |
Calculate OR’s
for each stratum

OR; OR; If stratum-specific OR’s are similar,

calculate adjusted RR (e.g. MH)

PN

If Crude OR =/= Adjusted OR, If Crude OR = Adjusted

confounding is likely OR, confounding is
unlikely

42



Stratified Analysis: Example

T exposure status (E)
Lung Cancer status ()

Chermucal Worlcers | TOX 1o T3

L’ 27 14
o LiZ 42 &/

Total s =1

Ten-year risks for LC
T 2778 =038

o T2 14/21 =017

L

RR = o03s/017 = 2.1

43

Kleinbaum, ActivEpi



Chemical Woarloers

L 14
Mo LC &/

Total 21

i

RE = 2.1

Cther Variables? SWE history

stnoke more than TCX unexposed?

It ves, that may explan the increased nsk of 2.1,

44

Kleinbaum, ActivEpi



Chetmucal Worlcers

T

o T

Total

L
Mo Lo

77
48

14
&/

41 A
115

Total

fot-snokets
TCE no TUE

75

Total

l
A&

3
12

2

13

=1

156

smokers
TCE no TCE

L
HoLC

L
24 19

Total

il

We say we are “controlling for smoking”
and smoking Is a “control variable”.

Kleinbaum, ActivEpi

RR = 2.1




Chermical Worlcers

T

1o T2

Total

L
Mo Lo

27
43

14
&7

41 "
RR = 2.1

115

Total

nioh-stnokers
TCE no TCE

s

Total

1 2
24 4

k
74

4% 50

a

73

=

156

strokers
TOE no TOE

L
Mol

26 12
24 19

Total

RR =10 o Association

s 3l

o

RR=1.3

Kleinbaum, ActivEpi
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[znore smoking history:
RR = 2.1

v
Control for smoking history:

o o

RER=1.0 &MNoAssociation RRE=1.3%

Perzons exposed to TCX smoke more

than those persons not expozed to TCX!

Smoking history iz a confounder.

Kleinbaum, ActivEpi

47




Examples: crude vs adjusted RR

Study | Crude RR | Stratuml | Stratum2 | Adjusted | Confound
RR RR RR ing?
1 6.00 3.20 3.50 3.30 H ]
2 2.00 1.02 1.10 1.08 H] |
3 1.10 2.00 2.00 2.00
4 0.56 0.50 0.60 0.54 |
5 4.20 4.00 4.10 4.04 [] |
6 1.70 0.03 3.50 |

e La
E.
7@

<
.m v



Fourth approach: Causality: T
counterfactual model

e |deal “causal contrast” between exposed and
unexposed groups:

“A causal contrast compares disease frequency
under two exposure distributions, but in one target
population during one etiologic time period”

If the Ideal causal contrast is met, the observed
effect Is the “causal effect”

49
Maldonado & Greenland, Int J Epi 2002;31:422-29



000
ldeal counterfactual comparison to determine causal effe$38
[

i[s oy
“Initial conditions” are identical in
Exposed cohort the exposed and unexposed groups

— because they are the same
population!

c G
e G
.
@W L > lunexp
5
Counterfactual, unexposed cohort

RR = oy /|

causal — "exp’ "unexp
“A causal contrast compares disease frequency under two exposure distributions, but in one
target population during one etiologic time period” 50

Maldonado & Greenland, Int J Epi 2002;31:422-29



What happens actually? oo

in = lexp

Exposed cohort
counterfactual state
IS not observed
IE > lunexp

Counterfactual, unexposed cohort

/

0 LA
I N N _
¥ f' A RN N > Isubstltute
M Bl b i o
LS
% 1 {_ Substitute, unexposed cohort
A substitute will usually be a population other than the target population 51

during the etiologic time period - INITIAL CONDITIONS MAY BE
DIFFERENT



What happens actually? oo

RR |

causal Iexp/ unexp IDEAL

RR = o/ |

assoc ~ 'exp’ 'substitute ACTUAL

52



Counterfactual definition of confounding

e “Confounding Is present if the substitute
population imperfectly represents what the
target would have been like under the
counterfactual condition”

“An association measure is confounded (or biased
due to confounding) for a causal contrast if it does
not equal that causal contrast because of such an
Imperfect substitution”

RR RR

causal =/= assocC

53
Maldonado & Greenland, Int J Epi 2002;31:422-29



Exposed cohort

“Confounding is
present if the
substitute
population
Imperfectly
represents what
the target would

Counterfactu nexposed cohort

~ 0L > have been like
Tt under the
‘;1:1 rlhl :'l' {'F :!f' :J-.r'::l’:" |'I J:::-:'If‘ ':, | '|.' counte rfaCtual
1& 0 '1._'L|Il i | | J i '|r i .-!,i e .i: el 1l
| aL Lo “ \: U condition
&j\ '\\:\\ ! ,\'.\ | ||I
AN ) i Substitute, unexposed cohort

54
Maldonado & Greenland, Int J Epi 2002;31:422-29



Simulating the counter-factual comparison:

Experimental Studies: RCT

Eligible patients

/

A 4

Randomization

N

Treatment

Outcomes

Placebo

Outcomes

Randomization helps to make the groups “comparable” (i.e. similar
initial conditions) with respect to known and unknown confounders

Therefore confounding is unlikely at randomization - time t,

55



Simulating the counter-factual comparison: cece
Experimental Studies: Cross-over trials coo
o
Treatment Treatment

A 4

Eligible patients

Randomization

N

Placebo Placebo

Although cross-over trials come close to the ideal of counterfactual
comparison, they do not achieve it because a person can be in only
one study group at a time; variability in other exposures across time

periods can still introduce confounding (Rothman, 2002)
56



Simulating the counter-factual comparison: | eees

Observational Studies -4

o0
In observational studies, because exposures are not assigned randomly,®

attainment of exchangeability is impossible — “initial conditions” are likely
to be different and the groups may not be comparable

— Disease present \

Exposed
> Disease absent
compare rates
| Disease present .\ T
Not exposed > j
— Disease absent
PRESENT »> FUTURE

57
Confounding is ALWAYS a concern with observational designs!



Confounding in observational 5

studies vs randomized trials :

e Two case studies:
e Male circumcision and HIV
e Aspirin to reduce cardiovascular mortality

58



. .. . 000
Example: Does male circumcision reduce risk | eeee

o000
of HIV? ooo
Male circumcision and risk of HIV infection in sub-

Saharan Africa: a systematic review and meta-analysis

Helen A. Weiss, Maria A. Quigley and Richard J. Hayes

Objective: To systematically review studies of male circumcision and the risk of HIV-
1 infection in men in sub-Saharan Africa, and to summarize the findings in a meta-
analysis.

Design: A meta-analysis of observational studies.

Methods: A systematic literature review was carried out of studies published up to
April 1999 that included circumcision as a risk factor for HIV-1 infection among men
in sub-Saharan Africa. A random effects meta-analysis was used to calculate a pooled
relative risk (RR) and 95% confidence interval (Cl) for all studies combined, and
stratified by type of study population. Further analyses were conducted among those
studies that adjusted for potential confounding factors.

Results: Twenty-seven studies were included. Of these, 21 showed a reduced risk of
HIV among circumcised men, being approximately half that in uncircumcised men
(crude RR = 0.52, CI 0.40-0.68). In 15 studies that adjusted for potential confounding
factors, the association was even stronger (adjusted RR =0.42, Cl 0.34-0.54). The
association was stronger among men at high risk of HIV (crude RR = 0.27; adjusted
RR =0.29, C1 0.20-0.41) than among men in general populations (crude RR = 0.93;
adjusted RR = 0.56, C1 0.44-0.70).

Conclusion: Male circumcision is associated with a significantly reduced risk of HIV
infection among men in sub-Saharan Africa, particularly those at high risk of HIV.
These results suggest that consideration should be given to the acceptability and
feasibility of providing safe services for male circumcision as an additional HIV
prevention strategy in areas of Africa where men are not traditionally circumcised.

@ 2000 Lippincott Williams & Wilkins

AIDS 2000. 14:2361-2370
Many observational studies had shown a protective effect, but it was

impossible to be sure 59



Cochrane review in 2005: confounding was a | eeee

major concern

HIV and male circumcision—a systematic review with
assessment of the quality of studies
N Siegfried, M Muller, | Deeks, | Volmink, M Egger, N Low, S Walker, and P Williamson

This Cochrane systematic review assesses the evidence for an interventional effect of male circumcision in preventing
acquisition of HIV-1 and HIV-2 by men through heterosexual intercourse. The review includes a comprehensive
assessment of the quality of all 37 included observational studies. Studies in high-risk populations consisted of four
cohort studies, 12 cross-sectional studies, and three case-control studies; general population studies consisted of one
cohort study, 16 cross-sectional studies, and one case-control study. There is evidence of methodological heterogeneity
between studies, and statistical heterogeneity was highly significant for both general population cross-sectional studies
(x’=132-34; degrees of freedom [df]=15; p<0-00001) and high-risk cross-sectional studies (x’=29-70; df=10; p=0-001).
Study quality was very variable and no studies measured the same set of potential confounding variables. Therefore,
conducting a meta-analysis was inappropriate. Detailed quality assessment of observational studies can provide a useful
visual aid to interpreting findings. Although most studies show an association between male circumcision and
prevention of HIV, these results may be limited by confounding, which is unlikely to be adjusted for.

Observational studies had major limitations, especially confounding

Lancet Infect Dis 2005;
5:165-73

NS and JV are at the South
African Cochrane Centre, Medical
Research Council, South Africa;
NS is currently a Nuffield Medical
Fellow at The University of
Oxford, Oxford, UK; )V is also at
the Primary Health Care
Directorate, University of Cape
Town, Cape Town, South Africa;

MM is at the Institute for
Maritime Technology, Simon's
Town, South Africa; JD is at the
Centre for Statistics in Medicine,

Institute of Health Sciences,
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Confounders considered in the Cochrane -9
. [ X )
review o

Panel: Potential confounding factors
Age

Location of study (eq, rural, urban)

Religion

Education, occupation, and socioeconomic status

Sexual behaviour (eg, measured by age at first intercourse,
number of sexual partners, contact with sex workers)

Any 5Tls

Condom use

Migration status

Travel to different countries

Other possible exposures (eg, injections, blood transtusions,
homosexual intercourse)
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In 2005, first RCT gets published
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Background

Observational studies suggest that male circumcision may provide protection against HIV-1
infection. A randomized, controlled intervention trial was conducted in a general population of
South Africa to test this hypothesis.

Methods and Findings

A total of 3,274 uncircumcised men, aged 18-24 y, were randomized to a control or an
intervention group with follow-up visits at months 3, 12, and 21. Male circumcision was offered
to the intervention group immediately after randomization and to the control group at the end
of the follow-up. The grouped censored data were analyzed in intention-to-treat, univariate
and multivariate, analyses, using piecewise exponential, proportional hazards models. Rate
ratios (RR) of HIV incidence were determined with 95% CI. Protection against HIV infection was
calculated as 1 — RR. The trial was stopped at the interim analysis, and the mean (interquartile
range) follow-up was 18.1 mo (13.0-21.0) when the data were analyzed. There were 20 HIV
infections (incidence rate = 0.85 per 100 person-years) in the intervention group and 49 (2.1 per
100 person-years) in the control group, corresponding to an RR of 0.40 (95% Cl: 0.24%-0.68%; p
<2 0.001). This RR corresponds to a protection of 60% (95% Cl: 32%-76%). When controlling for
behavioural factors, including sexual behaviour that increased slightly in the intervention
group, condom use, and health-seeking behaviour, the protection was of 61% (95% Cl: 34%-—
77%).

Conclusion

Male circumcision provides a degree of protection against acquiring HIV infection, equivalent
to what a vaccine of high efficacy would have achieved. Male circumcision may provide an
important way of reducing the spread of HIV infection in sub-Saharan Africa. (Preliminary and
partial results were presented at the International AIDS Society 2005 Conference, on 26 July
2005, in Rio de Janeiro, Brazil.)

First RCT showed
a big effect — 60%
protection!
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First RCT: comparability of the randomized groups o000
o000
o000
ae
Table 2. Baseline Characteristics of HIV-Negative Men Enrolled in the Trial
Background Characteristics Control Intervention
n=1582 n=—1,546
Age Less than or equal to 21 y 52 4% 48.6%
More than 21 y 47.6% 51.4%
Primary level of education completed 98.4% 98.3%
Religion African traditional 47.0% 51.6%
Protestant or Catholic 11.1% 11.9%
Cther religion 41.8% 36.5%
Ethnic group Sotho 47.3% 49.0%
Zulu 38.1% 32.8%
Cther 14.6% 18.2%
Drank alcohol in the past month 41.9% 42.2%
Reported sexual behaviour
Have had first sexual experience 90.5% 91.8%
Median (IQR) age at first sex (years)® 16.6 (15.2-18.4) 16.8 (154-18.5)
Median (IQR) number of lifetime sex par‘cnersb 4 (2-7) 4 (3-7)
Used a condom at first sex” 13.4% 15.2%
Ever used a condom® 81.2% 82.3%
At-tisk behaviour™ 46.7% 46.8%
Married or living as married” 1.8% 1.8%
Mean (IQR) number of non-spousal partners™ 1.4 {3-2) 1.4 (0-2)
At least one sexual partnership with only one sexual confact® 29.8% 30.7%
Mean (IQR) number of sexual contacts® 8.0 (G-8) 8.7 (1-8)
Attended a clinic for a health problem related to the genital area® 10.0% 9.6%
Randomization resulted in highly comparable
distribution of potential confounders; so .

confounding is not an issue!



Male circumcision for HIV prevention in men in Rakai,
Uganda: a randomised trial

Renald H Gray, Godfrey Kigozi, David Serwadda, Frederick Makumbi, Stephen Watya, Fred Nalugoda, Noah Kiwanuka, Lawrence H Moulton,
Mohammad A Chaudhary, Michael Z Chen, Nelson K Sewankamba, Fred Wabwire-Mangen, Melanie C Bacon, Carolyn F M Williams, Pius Opendi,
Steven ] Reynolds, Oliver Laeyendecker, Thomas C Quinn, Maria | Wawer

Summary
Background Ecological and observational studies suggest that male circumcision reduces the risk of HIV acquisition
in men. Our aim was to investigate the effect of male circumcision on HIV incidence in men.

Methods 4996 uncircumcised, HIV-negative men aged 15-49 years who agreed to HIV testing and counselling were
enrolled in this randomised trial in rural Rakai district, Uganda. Men were randomly assigned to receive immediate
circumcision (n=2474) or circumcision delayed for 24 months (2522). HIV lesting, physical examination, and
interviews were repeated at 6, 12, and 24 month follow-up visits. The primary outcome was HIV incidence. Analyses
were done on a modified intention-to-treat basis. This trial is registered with ClinicalTrials.gov, with the number
NCT00425984.

Findings Baseline characteristics of the men in the intervention and control groups were much the same at enrolment.
Retention rates were much the same in the two groups, with 90-92% of participants retained at all time points. In the
modified intention-to-treat analysis, HIV incidence over 24 months was 0-66 cases per 100 person-years in the
intervention group and 1.33 cases per 100 person-years in the control group (estimated efficacy of intervention 51%,
95% CI 16-72; p=0-006). The as-treated efficacy was 55% (95% CI 22-75; p=0-002); efficacy from the Kaplan-Meier
time-to-HIV-detection as-treated analysis was 60% (30-77; p=0.003). HIV incidence was lower in the intervention
group than it was in the control group in all sociodemographic, behavioural, and sexually transmitted disease
symptom subgroups. Moderate or severe adverse events occurred in 84 (3-6%) circumcisions; all resolved with
treatment. Behaviours were much the same in both groups during follow-up.

Interpretation Male circumecision reduced HIV incidence in men without behavioural disinhibition. Circumcision
can be recommended for HIV prevention in men.

In 2007, two other RCT
confirm the first RCT findings

>
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Male circumcision for HIV prevention in young men in
Kisumu, Kenya: a randomised controlled trial

Robert C Bailey, Stephen Moses, Corette B Parker, Kawango Agot, lan Maclean, John N Krieger, Carolyn F M Williams, Richard T Campbell,
Jeckoniah O Ndinya-Achola

Summary

Background Male circumcision could provide substantial protection against acquisition of HIV-1 infection. Our aim
was to determine whether male circumcision had a protective effect against HIV infection, and to assess safety and
changes in sexual behaviour related to this intervention.

Methods We did a randomised controlled trial of 2784 men aged 18-24 years in Kisumu, Kenya. Men were randomly
assigned to an intervention group (circumcision; n=1391) or a control group (delayed circumcision, 1393), and
assessed by HIV testing, medical examinations, and behavioural interviews during follow-ups at 1, 3, 6, 12, 18, and
24 months, HIV seroincidence was estimated in an intention-to-treat analysis. This trial is registered with
ClinicalTrials.gov, with the number NCT00059371.

Findings The trial was stopped early on December 12, 2006, after a third interim analysis reviewed by the data and
safety monitoring board. The median length of follow-up was 24 months. Follow-up for HIV status was incomplete
for 240 (8 - 6%) participants. 22 men in the intervention group and 47 in the control group had tested positive for HIV
when the study was stopped. The 2-year HIV incidence was 2-1% (95% CI 1-2-3.0}) in the circumcision group and
4-29% (3-0-5-4) in the control group (p=0-0065); the relative risk of HIV infection in circumcised men was
0-47 (0-28-0-78), which corresponds to a reduction in the risk of acquiring an HIV infection of 53% (22-72).
Adjusting for non-adherence to treatment and excluding four men found to be seropositive at enrolment, the
protective effect of circumcision was 60% (32-77). Adverse events related to the intervention (21 events in 1-5% of
those circumcised) resolved quickly. No behavioural risk compensation after circumcision was observed.

Interpretation Male circumcision significantly reduces the risk of HIV acquisition in young men in Africa. Where
appropriate, voluntary, safe, and affordable circumcision services should be integrated with other HIV preventive
interventions and provided as expeditiously as possible.
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VIEWPOINTS ON H1V RESEARCH

Male circumcision for the prevention of heterosexually
acquired HIV infection: a meta-analysis of randomized
trials involving 11 050 men™

E Mills,’ C Cooper,® A Anema' and G Guyatt®

'St Paul’s Hospital, British Columbia Centre for Excellence in HIV/AIDS, Vancouver, BC, Canada, *Division of Infectious
Diseases, Ottawa Hospital, University of Ottawa, ON, Canada and *Department of Clinical Epidemiology and Biostatistics,
McMaster University, Hamilton, ON, Canada

Study name  Statistics for each study Risk ratio and 95% CI

Risk Lower Upper
ratio limit limit p-Value

Auvert, RSA 042 0.25 0.70 0.001

Bailey, Kenya 0.41 024 0.70 0.001
Gray, Uganda 0.50 0.30 0.83 0.007

Combined 0.44 0.33 0.60 <0.0001
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Favours Circumcision Favours Control

Meta-analysis of 3 RCTs in 2008

UNAIDS endorsed| ®
this intervention in
2007

@UNAIDSE £ @) gt
WHO AND UNAIDS ANNOUNCE RECOMMENDATIONS

FROM EXPERT MEETING ON MALE CIRCUMCISION FOR
HIV PREVENTION

EMBARGOED: Wednesday, 28 March, 12.00 GMT, 14.00 CET

Paris, 28 March 2007 -- In response to the urgent need to reduce the number of new HIV
infections globally, the World Health Organization (WHO) and the UNAIDS Secretariat
convened an international expert consultation to determine whether male circumcision
should be recommended for the prevention of HIV infection

Based on the evidence presented, which was considered to be compelling, experts attending
the consultation recommended that male circumcision now be recognized as an additional
important intervention to reduce the nisk of heterosexually acquired HIV infection in men.
The international consultation, which was held from 6-8 March 2007 in Montreux,
Switzerland, was attended by participants representing a wide range of stakeholders,
including governments, civil society, researchers, human rights and women's health
advocates, young people, funding agencies and implementing partners

"The recommendations reprasent a significant step forward in HIV prevention”, said Dr Kevin
De Cock, Director, HIV/AIDS Department, World Health Organization. "Countries with high
rates of heterosexual HIV infection and low rates of male circumcision now have an
additional intervention which can reduce the risk of HIV infection in heterosexual men
Scaling up male circumcision in such countries will result in immediate benefit to individuals
However, it will be a number of years before we can expect to see an impact on the
epidemic from such investment "

There is now strang evidence from three randomized controlled trials undertaken in Kisumu,
Kenya, Rakai District, Uganda and Orange Farm, South Africa that male circumcision
reduces the risk of heterasexually acquired HIV infection in men by approximately 60%

This evidence supports the findings of numerous observational studies that have also
suggested that the geographical correlation long described between lower HIV prevalence
and high rates of male circumcision in some countries in Africa, and mare recently
elsewhere, Is, at least in part, a causal association. Currently, an estimated 665 milion men,
ar 30 % of men worldwide are estimated to be circumecised
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Modelling studies show large benefits

QPEN a ACCESS Freely available online

Policy Forum

PLOS meoicme

Male Circumcision for HIV Prevention in High HIV
Prevalence Settings: What Can Mathematical Modelling
Contribute to Informed Decision Making?

UNAIDS/WHO/SACEMA Expert Group on Modelling the Impact and Cost of Male Circumcision for HIV

Prevention”*

Background

Three recent randomised  controlled
trials [1-3] in Kenva, South Africa, and
Uganda have confirmed previous ohser-
varional studies [4] and ecological experi-
ence |3] and demonstrated bevond rea-
sonable doubt that male circumeision
performed by well-trained medical profes-
sionals recduces the risk of men acqu
HIV through female-to-male transmission
by approximately 6G0% |3,6]. Further-
more, results from the Kenyan trial
indicate that the protective effects of
circumcision are sustained for ar least
42 mo |7], which suggests thar circumci-
sion s likely to provide life-long partial
protection.

Although the evidence from the rando-
mised trials s compelling, the longer-term
population-level impact of introducing or
expanding safe male circumeision services
within comprehensive HIV  prevention

Summary Points

® Mathematical models can estimate the population-level impact of male
circumcision on HIV incidence in high HIV prevalence settings, but different
methods, assumptions, and input variables can produce conflicting results.
UNAIDS/WHO/SACEMA recently convened experts to review the outcomes of
six simulation models on key policy and programmatic decision-making
questions.

Large benefits of male circumcision among heterosexual men in low male
circumcision, high HIV prevalence settings were found: one HIV infection being
averted for every five to 15 male circumcisions performed, and costs to avert
one HIV infection ranging from U5$150 to US$900 using a 10-y time horizon.
The models predicted that both premature postoperative resumption of sexual
intercourse and behavioural risk compensation, if confined to newly or already
circumcised men and their partners, have only small population level effects on
the anticipated impact of male circumcision service scale-up on HIV incidence.
® Women benefit indirectly from reduced HIV prevalence in circumcised male
partners and male circumcision service scale-up acts synergistically with other
strategies to reduce HIV disease burden.

The modelling results have informed development of a pragmatic decision-
makers’ programme planning tool.

.

But not reaching the target groups?
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Even without government involvement, demand for circumcision has surged over the last year in Orange Farm, South Africa.

By CELIA W. DUGGER
Published: July 19, 2009
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ORANGE FARM, South Africa — Young men have flocked by the
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“Circumcision has been proven to reduce a man’s
risk of contracting HIV by more than half. Yet two
years after the WHO recommended the surgery, the
government here still does not provide it to help fight
the disease or educate the public about its benefits.”
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Another example: Confounding by indication (a
huge concern with pharmacoepi studies)

T #E(B)FILES

Case studies of bias in real life epidemiologic studies

Bias File 7. Confounding by indication: a most stubborn bias?

Compiled by

Madhukar Pai, MD, PhD
Jay S Kaufman, PhD
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RCT on aspirin for reducing
cardiovascular mortality

FINAL REPORT ON THE ASPIRIN COMPONENT OF THE ONGOING
PHYSICIANS' HEALTH STUDY

STEERING COMMITTEE OF THE Puysicians’ HEaLTH STuDy RESEARCH Grour*

Abstract The Physicians' Health Study is a randomized,
double-blind, placebo-controlled trial designed to deter-
mine whether low-dose aspirin (325 mg every other day)
decreases cardiovascular mortality and whether beta car-
otene reduces the incidence of cancer. The aspirin
component was terminated earlier than scheduled, and
the preliminary findings were published. We now pre-
sent detailed. analyses of the cardiovascular component
for 22,071 participants, at an average follow-up time of
60.2 months.

There was a 44 percent reduction in the risk of myocar-
dial infarction (relative risk, 0.56; 95 percent confidence
interval, 0.45 to 0.70; P<0.00001) in the aspirin group
(254.8 per 100,000 per year as compared with 439.7 inthe
placebo group). A slightly increased risk of siroke among
those taking aspirin was not statistically significant; this
trend was observed primarily in the subgroup with hemor-
rhagic stroke (relative risk, 2.14; 85 percent conlfidence
interval, 0.96 to 4.77; P = 0.06). No reduction in mortality

from all cardiovascular causes was associated with aspirin
(relative risk, 0.96; 95 percent confidence interval, 0.60
fo 1.54).

Further analyses showed that the reduction in the risk of
myocardial infarction was apparent only among those who
were 50 years of age and older. The benefit was present at

*all levels of cholesterol, but appeared greatest at low lev-

els. The relative risk of ulcer in the aspirin group was 1.22
(169 in the aspirin group as compared with 138 in the
placebo group; 95 percent confidence interval, 0.98 to
1.53: P = 0.08), and the relative risk of requiring a blood
transfusion was 1.71.

This trial of aspirin for the primary prevention of cardio-
vascular disease demonstrates a conclusive reduction in
the risk of myocardial infarction, but the evidence concern-
ing stroke and total cardiovascular deaths remains in-
conclusive because of the inadequate numbers of physi-
cians with these end points. (N Engl J Med 1989; 321:
129-35.)

After the trial was stopped early, all participants were then offered the

opportunity to take aspirin, and the study population remained under

observation. Some participants chose to take aspirin while others did
not take it or stopped taking after a while.
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Observational follow-up of the same

RCT population

Self-Selected Posttrial Aspirin Use
and Subsequent Cardiovascular Disease
and Mortality in the Physicians’ Health Study

Nancy R. Cook, 5cD; Patricia R. Hebert, PhD; JoAnn E. Manson, MD;

Julie E. Buring, S5cD; Charles H. Hennekens, MD

Background: The randomized aspirin component of
the Physicians’ Health Study (PHS) was terminated early,
after 5 years, primarily because of the emergence of a
statistically extreme (P<2.00001) 44% reduction of first
myocardial infarction (MI) among those assigned to as-
pirin. As a result, there were insufficient numbers of
strokes or cardiovascular disease (CVD)-related deaths
to evaluate these end points definitively.

Methods: Data on self-selected aspirin use were col-
lected until the beta carotene component ended as sched-
uled after 12 years. Posttrial use of aspirin was assessed
at the 7-year follow-up among 18 496 participants with
no previous reported CVD. Randomized and posttrial ob-
servational results in the PHS were compared, and dif-
ferences between those self-selecting aspirin and those
not were examined.

Reswults: At 7 years, 59.5% of participants without CVD
reported self-selected aspirin use for at least 180 dfy, and
20.8% for 0 to 13 dfy. Use was significantly associated

with family history of ML, hypertension, elevated cho-
lesterol levels, body mass index, alcohol consumption,
exercise, and use of vitamin E supplements. In multivar-
iate analyses, sell-selected aspirin use for at least 180 vs
0 to 13 dfy was associated with lower risk for sub-
sequent MI (relative risk [RR], 0.72; 95% confidence
interval [C1], 0.55-0.95), no relation with stroke (RR, 1.02;
95% CI, 0.74-1.39), and significant reductions in CVD-
related (RR, 0.65; CI, 0.47-0.89) and total mortality (RR,
0.64; CI, 0.54-0.77).

Cenclusion: These associations between sell-selected
aspirin use and CVD risk factors increase the likelihood
of residual confounding and emphasize the need for large-
scale randomized trials, such as the ongoing Women’s
Health Study, to detect reliably the most plausible small
to moderate effects of aspirin in the primary prevention
of stroke and CVD-related death.

Arch Intern Med. 2000;160:921-928

Subjects who chose to take aspirin for 180 days or more (compared with nonusers) were: 1) slightly heavier, 2)
slightly older, 3) about 30% more likely to have a family history of Ml, 4) almost 20% more likely to be under
treatment of hypertension, 5) almost 50% more likely to be under treatment to lower their cholesterol (and still
had higher cholesterol levels), and 6) about 45% more likely to be daily alcohol drinkers.



So, major difference between RCT and
observational designs

Intervention » Qutcome o .
Randomization ensured that aspirin
\ / was not selectively offered to, for
X 4 example, older males who smoke,
Reasons to initiate are overweight, and have family
or refrain from history of cardiovascular problems.
intervention Thus, confounding by these factors is

FIGURE 5.7 Major strength of a random allocation of patients to an intervention.  Unlikely to occur.

In observational studies, it is likely

Intervention = Outcome . . .
that aspirin users will be older,
\ / smokers, overweight, have already
! i had cardiovascular events, and/or

Reasons to initiate have comorbid conditions. These
the intervention factors will result in confounding by

IGURE 5.6 Reasons underlying the decision to initiate treatment are important indication because they are also

potential confounders. associated with the outcome.
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Healthy-user bias

Published by Oxtord University Press on behalt of the International Epidemiclogical Assodation Trtermational Journal of Epidemislogy 2006:35:337-344
& The Author 2005 all rights reserved. Advance Access publication 20 December 20035 doi: 10 1093 fije idyi2 74

Evidence of bias in estimates of influenza
vaccine effectiveness in seniors

Lisa A Jackson, I'2* Michael L Jackson, 2 Jennifer C Nelson, '3 Kathleen M Neuzil* and Noel § Weiss?
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Numerous observational studies have reported that seniors who receive inflluenza
vaccine are at substantially lower risk of death and hospitalization during the
fluenced

influenza season than unvaccinated seniors. These estimates could b

by differences in underlying health status between the waccinated and
unvaccinated groups. Since a protective effect of vaccination should be specific
to influenza season, evaluation of no
possible contribution of bias to the estimates observed during influenza season.

-influenza periods could indicate the

We evaluated a cohort of 72527 persons 65 years of age and older followed

during an 8 year period and assessed the risk of death from any cause, or

hospitalization for pneumonia or influenza, in relation to influenza vaccination,

in periods before, during, and alter influenza seasons. Secondary models
adjusted [or covariates deflined primarily by diagnosis codes assigned 1o medical
encounters.

The relative risk of death for vaccinated persons compared with unvaccinated
persons was 0.39 [95% conflidence interval (95% CI), 0.33-0.47] before influenza
season, 0.56 (0.52-0.61) during influenza season, and 0.74 (0.67-0.80) alter
influenza season. The relative risk of pneumonia hospitalization was 0.72
{0.59-0.89) belore, 0.82 (0.75-0.89) during, and 0.95 (0.85-1.07) alter influenza

season. Adjustment for diagnosis code variables resulted in estimates that were

further from the null, in all time periods.

The reductions in risk before influenza season indicate preferential receipt of

vaccine by relatively healthy seniors. Adjustment for diagnosis code variables

did not control for this bias. In this study, the magnitude of the bias demonstrated

by the associations before the influenza season was sufficient 1o account entirely

for the associations observed during influenza season.

Influenza/prevention and control,  influenza wvaccines, cohort  studies,

bias{epidemiology), confounding factor, epidemiological

71



Readings for this module

JORGE CHAM & 2008

e Rothman text:

e Chapters 5 and
8

e Gordis text:
e Chapters 14 and NINJAS

15 Experts in methods of subterfuge
Employs assortment of lethal
® B_ I:I | e #7 z::pk?:;u without remorse
(CO nfo un d | N g by gb»:rﬁys shown wearing the same
Indication) Hears a hood

Hurls Shurikens 2% %g

People think they're pretty cool
Shrouded in mystery

NINJAS vs PROFESSORS

A COMPARATIVE ANALYSIS

PROFESSORS

Experts in methods no longer used

Employs a bunch of lazy peons
(you)

Can kill your career or worse

Always wears the same outfit

Wears a hood at graduation

Hurls when you present your
research

They think they're pretty cool
Shrouds you in misery

W, PHDCOMICS, COM
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