The analysis of case-control studies

“Nested case control and case cohort studies:
Estimation of relative risk”



1. CHOICE OF CONTROLS IN CASE-CONTROL STUDIES
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2. Measures of relative risk and odds ratio in the
underlying population

Measure |Definition Alternative formulation
Risk [y D/
Ratio 5 N, N Dy
L N ! N = people at risk in the beginning
0 0
Rate D, D,
Y D
Ratio 7 :
D% \% = persons Years at risk for the duration of the study
0 0
Odds D, D,
Ratio LB o
D (N, - D% _ . .
%No D) (N, - D,) people still at risk at the end of the study

Common numerator: exposed/non-exposed cases in the population: D;/Dy

"the odds of exposure among those with disease" - can be estimated from cases in a case-control study-
represent the underlying population of those with disease from where the cases were drawn!.

Denominators: exposed/non-exposed individuals or their follow-up times

> By a suitable sampling scheme, each of these three denominators may be estimated
by the exposed/non-exposed controls from a case-control study.



3.a. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (1)

Cumulative (Exclusive) sampling: from the disease-free in the end of the
study period.




Cumulative (Exclusive) sampling
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Figure 1-19 Survival bias in a case-based case-control study carried out
“cross-sectionally”: only cases with long survival after diagnosis (best progno-
sis) are included in the case group. In this hypothetical example, the horizon-
tal lines starting in the cases’ “D” boxes represent survival times; note that
only two of the four cases are included in the study. Broken diagonal lines
with arrows represent losses to follow-up.

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000

Odds ratio from case-

control =

population odds ratio
(without the non-rare
disease assumption)




Cumulative (Exclusive) sampling - example:

Case-Control Study of Blood Lead Levels and Attention Deficit Hyperactivity
Disorder in Chinese Children

Hui-Li Wang,! Xiang-Tao Chen,™ Bin Yang,? Fang-Li Ma,* Shu Wang,! Ming-Liang Tang,' Ming-Gao Hao,’
and Di-Yun Ruan’

BACKGROUND: Attention deficit/hyperactivity disorder (ADHD) and lead exposure are high-prevalence
conditions among children.

OBJECTIVE: Our goal was to investigate the association between ADHD and blood lead levels
(BLLs) in Chinese children, adjusting for known ADHD risk factors and potential confounding

variables.

METHODS: We conducted a pair-matching case—ontrol study with 630 ADHD cases and 630 non-
ADHD controls 4-12 years of age, matched on the same age, sex, and socioeconomic status. The
case and control children were systematically evaluated via structured diagnostic interviews, includ-
ing caregiver interviews, based on the Diagnostic and Statistical Manual of Mental Disorders, 4th
ed., revised criteria (DSM-IV-R). We evaluated the association between BLLs and ADHD using the
Pearson chi-square test for categorical variables and the Student s-test for continuous data. We then
performed conditional multiple variables logistic regression analyses with backward stepwise selec-
tion to predict risk factors for ADHD.

RESULTS: There was a significant difference in BLLs between ADHD cases and controls. ADHD
cases were more likely to have been exposed to lead during childhood than the non-ADHD control
subjects, with adjustment for other known risk factors [children with BLLs = 10 pg/dL vs.
= 5 pg/dL; OR = 6.0; 95% confidence interval (CI) = 4.10-8.77, p < 0.01; 5-10 pg/dL vs.
= 5 pg/dL, OR = 4.9; 95% CI = 3.47-6.98, p < 0.01]. These results were not modified by age and
sex variables.

CONCLUSIONS: This was the I;l.tgest sam:l.ple size case—control stud}r to date to sm&y the assodiation
between BLLs and ADHD in Chinese children. ADHD may be an additional deleterious outcome
of lead exposure du_ring childhood, even when BLLs are < 10 p.g,"d.L

KEY WORDS: attention deficit hyperactivity disorder, blood lead levels, case—control study. Environ
Health Perspect 116:1401-1406 (2008). doi:10.1289/ehp.11400 available via brep://dx.doi.org/
[Online 5 June 2008]

ADHD subjects were

consecutively recruited from

children coming for initial o
follow-up assessment from
October 2003 to August
2007 in two pediatric
Clinics [Note: prevalent
cases are included]

The non-ADHD controls
were randomly selected
from computerized lists of
outpatients admitted for
acute upper respiratory
infection at the same two
pediatric medical clinics
during the same period

¢
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3.b. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (2)

Case-base, Case-cohort, Inclusive sampling: from the
initially (in the beginning of the study) at risk of disease:

In a case-cohort study, cases are defined as those participants of the cohort who
developed the disease of interest, but controls are identified before the cases
develop.

This means that controls are randomly chosen from all cohort participants
regardless of whether they have the disease of interest or not, and that baseline
data can be collected early in the study.

Controls are randomly selected from the parent cohort,
forming a sub-cohort. No matching is performed.



Case-base, Case-cohort, Inclusive sampling
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Figure 1-20 Case-control study in which the controls are selected from the
baseline cohort (case-cohort study). Cases are represented by “D” boxes. Bro-
ken diagonal lines with arrows represent losses to follow-up.

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000



Case-bcusc»:E Case-cohorﬂ'E Inclusive samgling
Control
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Cohort Cases and Failure

Case-Cohort Studies vs Nested Case-Control Studies, Soyoung Kim, PhD, Division I
of Biostatistics MCW- Volume 22 Number 1 Februarv/March 2016



3.b. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (2)

Case-base, Case-cohort, Inclusive sampling: from the
initially (in the beginning of the study) at risk of disease:
» controls can become cases and selected 2 times in the
case-control,
> the control group is a sample of the total population
initially at risk of the disease,
> the odds of exposure in the control group estimates the
odds of exposure in the population (N /N)/(N /N)
=N;/N,

> It can be shown that the odds ratio from case-control =
population risk ratio




Explanation

From a cohort study measuring risk of disease in exposed (Ne) and
unexposed (Nu) cohorts we can draw the following results table:

cases Population at risk

Exposure IP Risk ratio

Yes D1 N1 D1 /N1 f\lDI /Nl)/(DO/
0)

No Do No Do/N,




Explanation

*  Now assume a case-cohort, where controls are a sample of the
source population:

Controls=Sample from

Exposure Cases source population
Ves D, N,/10
No Do N,/10

The risk of disease cannot be estimated from the above table, since denominators
sampled from exposed and unexposed cohorts are only a sampling fraction of these
two populations.

« However, the risk ratio remains the same. If in the risk ratio calculation we replace
the denominators by the 10% samples representing them, we obtain the same value for

the risk ratio:
» RR=D1/(N1/10)/D0/(N0/10)



Case-cohort (Inclusive) sampling - example:

European Journal of Epidenuology (2007) 22:173-181
DOI 10.1007,s10654-006-9099-5

PERINATAL EPIDEMIOLOGY

© Springer 2007

Oral clefts and life style factors — A case—cohort study based on prospective

Danish data

: . 8 2 , 3 . = : .

Camilla Bille"®, Jorn Olsen®, Werner Vach®, Vibeke Kildegaard Knudsen®, Sjurdur Frodi
o 5 " 8 . -

Olsen?, Kirsten Rasmussen®, Jefirey C. Murray'*®. Anne Marie Nybo Andersen’ & Kaare

Christensen'

Abstract. This study examines the association between
oral clefts and first trimester maternal lifestyle factors
based on prospective data from the Danish National
Birth Cohort. The cohort includes approximately
100,000 pregnancies. In total 192 mothers gave birth
to child with an oral cleft during 1997-2003. Infor-
mation on risk factors such as smoking, alcohol
consumption, tea, coffee, cola, and food supplements
was obtained during pregnancy for these and 828
randomly selected controls. We found that first
trimester maternal smoking was associated with an
increased risk of oral clefts (odds ratio (OR): 1.50:
95% confidence interval (Cls): 1.05, 2.14). Although

not statistically significant, we also saw associations
with first trimester consumption of alcohol (OR: 1.11;
Cls: 0.79, 1.55), tea (OR: 1.31; CIs: 0.93, 1.86), and
drinking more than 11 of cola per week (OR: 1.40;
CIs: 0.92, 2.12). Furthermore supplementation with
2400 mcg folic acid daily during the entire first tri-
mester (OR: 0.75; CIs: 0.46, 1.22) suggested an inverse
associated with oral clefts, similar to our results on
coffee drinking. No effects were found for smaller
doses of folic acid, vitamin A, B6 or B12 in this study.
The present study found an association between oral
clefts and smoking and, although not conclusive,
supports an association of oral cleft with alcohol.

Cases were identified
through 2 sources: (1)
maternally reported oral
clefts in post pregnancy
interviews in the birth
cohort ; and (2) a
discharge diagnosis of
oral clefts or an ICD-

10 code for
reconstructive surgery on
lips or palate in The
National Patient Register.

Controls were
selected randomly
among

participants at
baseline (the first
interview) in the birth
cohort.
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Nested case-control studies
Case-control study nested in cohort:

Use an existing cohort design a case control study nested within the
cohort study:

Cases for the case-control study are all cases identified in the cohort in a
specific period (usually the whole period of the study)

Controls are usually chosen from those at risk of becoming cases (risk set)
at the time of diagnosis of each case (incidence density sampling):

» Cost saving: collecting data on controls only (instead of the entire
cohort) at risk at each time of diagnosis of cases.

» Collection of data on a sub-sample of subjects for unmeasured
covariates in a cohort study.

New Data collection only restricted to Cases and matched Controls.



3.c. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (3)

Concurrent sampling, incidence density sampling:
from those still at risk of the disease at the time of diagnhosis
of the case.




Concurrent sampling, incidence density sampling:
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Figure 1-21 Nested case-control study in which the controls are selected at
each time when a case occurs (incidence density sampling). Cases are repre-
sented by “D” boxes. Broken diagonal lines with arrows represent losses to
follow-up.

Szklo & Nieto. Epidemiology: beyond the basics. Aspen Publishers, 2000



3c. CHOICE OF CONTROLS IN A CASE-
CONTROL STUDY (3)

Concurrent sampling, incidence density sampling:
from those still at risk of the disease at the time of diagnhosis
of the case.

» controls can become cases and selected as a cases,

> implies matching for time-at-diagnosis,

» the odds of exposure in the control group provide an
estimate of Y,/Y,,

Odds ratio from case-control analysed as matched =
population rate ratio




Concurrent sampling, incidence

density sampling - example:

Nested case-control:
example

Risk of acute myocardial infarction and sudden cardiac death
in patients treated with cyclo-oxygenase 2 selective and
non-selective non-steroidal anti-inflammatory drugs:

nested case-control study

Dawid] Grahom, David Campan, ReaHui, Michd e Soence, Craig Chethom, Gorald Lewy, Stanford Shoor, Wayna A Ray

Summary

Background Conwroversy has surrounded the question about whether high-dose rofecozib increases or naproxen
decreases the risk of serious coronary heart disease. We sought to establish if risk was enhanced with rofecoxib at
efther high or standard doses compared with remote non-steroidal anti-inflammatory drug (N5 AID) use or celecoxib
use, because celeconib was the most common alternative o rofecoxib.

Methods We used data from Kaiser Fermanente in California to assemble a cohort of all patients age 158-84 years
treated with a NSAID between Jan 1, 1922, and Drec 31, 2001, within which we did a nested case-control study. Cases
of sarlous coronary haart disease [acute myocardial infarction and sudden cardiac death) wera rick-sat matched eritd
four controls for age, sex, and health plan region. Currenr exposure o cpcl-orygenase 2 salective and non-selact
NSAIDs was compared with remote exposure to any NSATD, and mofecoxib was com pared with celecoxib.

Findings During 2 302 029 person-years of tollow-up, 8143 cases of serious coronary heart disease cocurred, of wi
210 (27-1%) were fotal. Multivariate adjusted odds ratios versus celecoxib were: for refecoxib (all doses),
{‘?5% CI1.10-2.32, p=0.01 ) for rofecorib 25 lll_H.l'{l.H?' of bess, 147 (0-99-2 .17, p=0-054); arud for rofec oy #r
than 25 mg/day. 3.58 (1.27-10.11, p=0.014}. For naproxen versus remote NSATD use the adjusied odds ratio
1-14 {1.00-1-34, p=0.05).

Interpretation Rotecoxib use increases the risk of seriots coronary heart disease compared with celecoxib
Napromen use does nor protect against serious corenary hear disease.

We assembled a cohort of NSAID-treated patients to
undertake a nested case-control study. From Jan 1, 1999,
to Dec 31, 2001, we identified all individuals age
18-84 years who filled at least one prescription for a
COX2 selective (celecoxib or rofecoxib) or non-selective
(all other) NSAID. Those with at least 12 months of
health plan coverage before the date of that first NSAID
prescription were entered into the cohort if they had no
diagnoses of cancer, renal failure, liver failure, severe
respiratory disease, organ transplantation, or HIV/AIDS
during the screening interval. We followed up cohort
members from this entry date until the end of the study
period (Decem nce of an acute

om individuals under observation in the study cohoxt
on the date of the case event (index date), and matche
them for age (year of birth), sex, and health plan region
(north or south).” A given cohort member selected as a
control for a case on one date could become a control for
another case occurring on a later index date, as long as he
or she remained in the study cohort and was therefore
also at risk of becoming a case. Thus, a control could
subsequently become a case. We excluded potential cases
and controls if they were not enrolled on the index date
nd for at least 11 of the 12 preceding months. Durin
study period, pharmacy benefits persisted
ent lapses of up to 1 calendar month.

enr:



Nested case-control studies

Sampling from those at risk

Ideally we would collect information on exposures of interest (or
confounders) on all persons at-risk at the time of diagnosis of each case
(the risk set).

Sample the risk set instead:

- collect exposure information only for a subsample of those at risk
(chosen at random).

* the sampled persons are then used to represent the risk sef.




Sampling from the risk set: example
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Risk sets and sampling procedures
at each event time of a case (*):

Event Risk set Sample
1 1,2346,7,8910,11 41

2 1,2,3/4,6,7,8,10,11 2,1
3 13,456,810 8,3
4 1,458 4,5

> Note that subjects 4, 1 are selected twice as controls, and individual 1
eventually becomes a case.

> This is perfectly OK, since these are at risk at the time where they are
selected as controls for the sample of risk sef.



Nested case-control studies
Study base/pool = “large” cohort.

> Expensive to measure exposure or confounders of interest for all
individuals (e.g. expensive biochemical analyses, DNA analyses).

» Measure exposure/confounders only for cases and time-matched
controls

» Usually for each case 1-5 controls are sampled from the risk set — i.e.
persons at risk at the time of diagnosis of the case.

» Can use any case-control design (not only incident density sampling)

Study base/pool = entire population.

> Nested case-control study sampled from the entire population (e.g. using
registries to define cases and sample the controls)

» Cannot afford to collect exposure/confounders information for the entire
population, so only a subsample is used.

> Can use any case-control design (not only incident density sampling)



Study base/pool = entire population

Mobile phone use and nisk of acoustic neuroma: results of the

' , Cases were identified through neurosurgery, neuropathology,
Interphone case—control study in five North European countries

oncology, neurology and otorhinolaryngology centres in the study

M] Schoemaker™', A] Swerdlow', & Ahlbom™'%, A Auvinen™'?, KG Blaasaas®, E Cardis®, H Collatz
Christensen®, M Feychtin * 5] Hqﬁwarm', C Johansen®, L Kleboe", § Lann®, PA Hc}(innef, K Muir®,

| Raitanen'®, T Salminen’, | Thomsen'" and T Tynes™'?

"Secaon of Epidemiolagy. instieute of Cancer Research, Brookes Lowdey Buikding Surtan G2 SMG UK Mnssinite of Envienmentsl Medidine, Kamiingis
Insziuee, Bow 200, 171 77, Stodshalm, Swedery “STUK Radaton ond Mudear Safery Authonty, DOBS ) Hefsnki, Anfang: * Morwegian Armeed Foroes,
Bygning 00284 Seswvolimoen 2058, Narway; ‘:'nr.-.rmn'm:'.l'r’.g:ﬂ:r for Ressarch on Cancer, 50 Cours Abert Thomas, 69372 Cedex OF Lyan, Fronce;
“Mnstituit of Concer Epidemiclogy, Danish Cancer Socisty, Sroncboulsvarden 49, 2100 Copenhagen, Denmark; “Cantre for Epidermioiogy and
Binzranies, Unversity of Leads, 30 Hyde Termace, Leads (82 ALK, LK "The Cancar Registry of Morway, Instinte of Pepuiman-based Concer Resaarch,
Montebedo, G370 Calo, Mooy, ®Civizion of Epidaminiogy and Pubhc Mealth, Unfversity of Medtinghom, Matingham MGT 200, LK M Tampere School
of Pubiic Hegtth, Univerty of Tompere, Tomper 23014, Finlond ' Department of Qtoforyngninge-Heod and MNeds Suery, Gentafte Hospital,
University of Copenfiapen, DE-2900 Hederup, Denmark; ' “Moneegian Radation Protectan Aathonty, PO Box 55, 1132 Osteras, Noweay

There i public concern that use of mobie phones could increase the Ask of brain tumours, If such an effect exists, acoustic neuroma
winld be of partodar concern becase of the proximty of the acoustic nerve 1o the handset. Wie conducted, to 2 shared protoco,
sk populaton-besed case—control studies in four Nordic courtries and the UK to assess the sk of acoustic neuroma in relation to
maldle phone use, Data were colleced by persanal interview from 675 cases of acoustic neurama and 3553 contrels, The risk of
acoustic newrama i refation Lo reguler mobde phone wse in the pooled data set was rot rased (odds ratio (OR) =03, 95%

confidence interval (C): Q7= 1.1). Thene was no assodation of rsk with curation of use, lifetime cumulztve hours of use ar number
of calls, for phone use overall or for analogue or digital phones separately. Risk of a tumour on the same sde of the bead as reported
phane use was rased Gr e for 10 years o longer (OR = 18, #5% C1 11 =300} The study suggests that there s no substanbial nsk

ol azousc neuroma in the frst decade afterstaring rabile phone use, However, an noesse in ik alter lorger term use or afler a
anger lag period could rot be ruled out
British fourma’ of Concer (2005) 93, B42-848. doizl 0.1038/5bjce602754  wwwbjcancer.com

areas. Lists of cases were also obtained from the appropriate
population-based cancer registries to ensure completeness of
ascertainment. Eligible cases were individuals diagnosed with
acoustic neuroma between 1 September 1999 and 31 August 2004
(the exact dates within this period vary by centre) at ages 20-69
years in the Nordic countries, 18-59 in Southeast England, and
18-69 in the Northern UK, and resident in the study region at the
time of diagnosis.

Controls in the Nordic centres were randomly selected from the
population register for each study area, frequency matched to
cases on age, sex and region. In the UK, where there is no such
accessible population register, controls were randomly selected
from general practitioners’ practice lists. Controls were subject to
the same age and residence criteria as cases and had never been
diagnosed with a brain tumour.



Case-cohort vs. nested case
control

In a case-cohort study, cases are defined as those
participants of the cohort who developed the disease of
interest, but controls are identified before the cases
develop.

This means that controls are randomly chosen from all
cohort participants regardless of whether they have the
disease of interest or not, and that baseline data can be
collected early in the study.

The main difference between a nested case-control study
and a case-cohort study is the way in which controls are
chosen.

Generally, the main advantage of case-cohort design over
nested case-control design is that the same control group
can be used for comparison with different case groups in
a case-cohort study.

Encyclopedia of Public Health
Editors: Wilhelm Kirch



https://link.springer.com/referencework/10.1007/978-1-4020-5614-7

Analysis of nested case-control
and case-cohort studies

* For both nested case-control and case-cohort
designs, inverse probability weighting
methods were more powerful than the
standard methods.

« However, the difference became negligible
when the proportion of failure events was
very low (<1%) in the full cohort.

Kim RS.
A new comparison of nested case-control and case-cohort designs and methods.

Eur J Epidemiol. 2015 Mar;30(3):197-207.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim RS[Author]&cauthor=true&cauthor_uid=25446306
https://www.ncbi.nlm.nih.gov/pubmed/25446306

Sampling options in case-control studies (summary

Type of sampling

Cumulative
sampling
(Exclusive)

Case-cohort
sampling
(Inclusive)

Density sampling
(Concurrent)

- references)
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What does the
case-control odds
ratio estimate?

Odds ratio

Risk ratio

Rate ratio
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