Intervention vs.
Observational Trials:
A Brief Introduction
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Introduction

Just like an architect translates a vision for a
building into blueprints, so an investigator
translates their research 1dea into a study design.
When the necessary planning steps aren’t taken,
you never know what 1s going to happen.....
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How do you translate your research

1deas 1nto a ‘blueprint’?

O By defining the specific aims of the study.

O Write out the specific aims of your study 1n no
more than one or two sentences.

O Be as specific as possible!
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Overview
Intervention Trials Observational Trials
O Clinical trials (gold std) O Cohort studies
0 Community trials O Case-control studies

O Therapeutic/preventive O Nested case-control
trials studies

O Single/multi-site trials O Cross-sectional studies
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A Taxonomy of Epidemiologic Study Designs 1
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Objectives

0O Define unique characteristics of intervention
trials.

O Define randomization and explain why 1t 1s
done.

O Define blinding and explain why 1t 1s done.

O List advantages and disadvantages of
intervention trials.
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Intervention Trials — General Structure

O Researcher selects and randomly assigns individuals
(or groups) to treatment or non-treatment groups.

Select participants by defining specific
exclusion/inclusion criteria.

Perform sample size/power calculations to define the
number of subjects to be selected.

O Participants are followed forward in time.

O Incidence of outcome (1€., disease, survival, death)
are compared between groups.



Intervention Trials —
General Structure [2]

Randomized
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Intervention Trials — Why randomize?

O Randomization eliminates the influence of confounding variables that are
present at the time of randomization. It makes treatment groups
comparable with respect to these potential confounders (ie., eliminates
selection bias).

Provides strongest evidence for causal inference.

What can potentially happen without randomization?

Trial studying the effects of bacille Calmette-Guerin (BCG) vaccination
against TB in children from TB families. Physicians were told to divide the
children into treatment and control groups. Study results indicated that TB
mortality was almost 5x higher in controls than in vaccinated children. It was
later discovered that physicians tended to inoculate children of the more
intelligent and cooperative parents who were probably also more conscious of
health and related 1ssues. Those in the treatment group may have done better
not because of the vaccination but because the parents were more health-
conscious and, therefore, the children simply had a lower risk of mortality
from TB.

O O
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Intervention Trials —
How to randomize

0  Simple randomization of individual participants in an equal ratio to each
intervention group. When the sample size of the trial is small, SR could result in
imbalance in the #/trt or you could have different distributions of a trait like race
in the two arms.

O  Block randomization ensures close balance in the # of participants in each study
group. Block of pre-determined size with half in block on treatment and half on
non-treatment. BR does reduce the unpredictability of randomization which could
lead to issues in blinding. Varying the size of the blocks would help alleviate this.

O  Stratified block randomization ensures that an important predictor of the
outcome is more evenly distributed between the study groups than chance alone
would dictate. Tends to be used with small trials. Need to be sure stratification
variable has a large effect on prognosis. The number of strata needs to be kept to
a minimum, and the variable cannot be evaluated in the analysis.

Ex: In a study of the effect of a drug to prevent fractures, having a prior vertebral
fracture is a strong predictor of outcome and response to treatment. To ensure that
similar numbers of people with vertebral fractures are in each group, stratify by

whether patient has had a vertebral fracture and then carry on block randomization in
each strata.
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Intervention Trials - Blinding

O Randomization does not deal with confounding variables that may surface
after randomization.

O Purpose — To reduce bias in

Measurement: Especially if the outcome is subjective, patients who know
they are on treatment may indicate better outcomes than those in the
untreated group.

Classification: If a patient knows they are on placebo, they may be more
likely to seek out other treatments independent from the trial that could affect
the outcome.

Analysis: In an unblinded study, the researcher may not treat both groups
equally but rather look for the outcome more carefully in the untreated group
than in the treated group. (e.g., In a study of persons with MS in which some
were randomized to treatment and some to placebo, neurologists who were
not blinded to treatment assignment concluded from their structured
examinations that those on treatment did statistically better than those not on
treatment. Neurologists blinded to treatment assignment saw no difference
using the same examination.)




Intervention Trials — Blinding [2]

O Types:
» Single — Subject does not know his treatment assignment.
» Double — Subject and researcher do not know treatment
assignments.
m  Triple — Subject, researcher, nor analyst know treatment
assignments.
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ORIGINAL ARTICLE
A Previous Volume 361:2424-2435 December 17, 2009 Mumber 25 Hext &

Trial of 2009 Influenza A (H1N1) Monovalent MF59-Adjuvanted Vaccine
Tristan W Clarr, MR C P, Manish Faveel, MR C P, Katje Hoschler, Fh D, Helen Dillon, MR C P, Earl G MNicholson, M D, F RC P, Meole Grath, M D, and Jain
Stephenson, M D, FRCF

ABSTRACT

Background The 2009 pandemic influenza A (H1M1) virus has emerged to cause the first pandemic of the 21st century. Development of
effective vaccines is a public health priarity.

Methods We conducted a single-center study, invalving 176 adults, 18 to 50 years of age, to test the monovalent influenza
AfCaliforniaf2009 (H1M1) surface-antigen vaccine, in both MF&3-adjuvanted and nonadjuvanted forms. Subjects were randomly assigned
to receive two intramuscular injections of vaccine containing 7.5 pg of hemagglutinin on day O in each arm or one injection on day 0 and
the ather an day 7, 14, or 21; or twa 3.75-pg doses of MFS3-adjuvanted vaccine, or 7.5 or 15 pg of nonadjuvanted vaccine, administered
21 days apart. Antibody responses were measured by means of hemagglutination-inhibition assay and a microneutralization assay on
days 0, 14, 21, and 42 after injection of the first dose.

Resuits The most frequent local and systemic reactions were pain at the injection site and muscle aches, noted in 70% and 42% of
subjects, respectively; reactions were more common with the MFE3-adjuvanted vaccine than with nonadjuvanted vaccine. Three subjects
reported fever, with a temperature of 33°C or higher, after either dose. Antibody titers, expressed as geametric means, were higher at day
21 among subjects whao had received one dose of MF&9-adjuvanted vaccine than among those who had received one dose of
nonadjuvanted vaccine (P=0.001 by the microneutralization assay). By day 21, hemagglutination-inhibition and microneutralization
antibody titers of 1:40 ar more were seen in 77 to 55% and 92 to 100% of subjects receiving MF59-adjuvanted vaccine, respectively, and
in B3 to 72% and BY to 76% of those receiving nonadjuvanted vaccine, respectively. By day 42, after two doses of vaccine,
hemagglutination-inhibition and microneutralization antibody titers of 1:40 ar more were seen in 92 to 100% and 100% of recipients of
MFE3-adjuvanted vaccine, respectively, and in 74 to 79% and 78 to 83% of recipients of nonadjuvanted vaccine, respectively.

Conclusions Monovalent 2008 influenza A (H1N1) MF53-adjuvanted vaccine generates antibody responses likely to be associated with
protection after a single dose is administered. (ClinicalTrials. gov number, NCTOD343358 [ClinicalTrials. gov] )

Source Information



Intervention Trials - Summary

O Advantages

= Gold standard for evaluating efficacy of therapeutic or preventive
measures.

Provides strongest evidence for causality.
» Reduces influence of other determinants of exposure and outcome
(confounding) due to randomization.
O Disadvantages
= Expensive, time-consuming.

» Subjects may not be representative of all people who might
eventually be put on the treatment.

» Ethical considerations (equipoise necessary) — believe new treatment
1s at least as good as old treatment or placebo.



—!
Objectives

O Define the unique characteristics of cohort,
case-control, nested case-control, and cross-
sectional studies.

O List factors that should be considered when
determining which type of observational trial
1s most appropriate for a given study.

O List outcomes available for different types of
observational studies.
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Observational Trials —
Points to Consider

0 What 1s your outcome of interest?
Common or rare

Descriptive (incidence, prevalence) or analytic
(association)

O Time frame

Retrospective (past) or prospective (future)

Interested in changes over time or a single point in time?
O Natural grouping of subjects

Exposed vs. unexposed
Diseased vs. non-diseased
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Cohort Studies — General Structure

O Start with exposed vs. unexposed

O Similar to intervention trials except patients
are not randomized to groups.

Need to have a good 1dea of which exposures are
suspected as possible causes of disease.

O Retrospective or prospective
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Cohort Studies — General Structure [2]

O Outcome 1s common. Prevents having to recruit excessive
number of subjects or following patients for exceedingly long
periods of time to have sufficient numbers with the disease.

O Prospective design 1s 1deal for estimating incidence (# of
newly diagnosed cases 1n population) of disease since new
cases can only be clearly 1dentified prospectively.

O Prospective and retrospective can be used to estimate
prevalence (proportion of individuals in population with the
disease) or association of outcome with a specific candidate
of predictors. Factors are associated if:

The distribution of one factor is different for different values of
another.

Knowing the value of one factor gives information about the
distribution of the other.
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Cohort Studies(prospective) Cohort Studies (retrospective/historical)
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Outcome measures 1n cohort studies

O  Odds ratio — compares the odds of disease in the exposed group to the odds of
disease in the unexposed group.

O  Relative risk (risk ratio) — ratio of risk of disease in exposed to risk of disease in
unexposed. In a cohort study, it can be calculated directly by taking the incidence
of disease in the exposed group and dividing it by the incidence of disease in the
unexposed group. Incidence is simply the proportion of people who developed
the disease from the population at risk (new cases, not existing ones).

0  Risk difference — represents the absolute difference in risk and can be calculated
using the cumulative incidence. Cumulative incidence is the incidence
calculated using a period of time during which all of the individuals in the
population are considered at risk for the outcome.

O Incidence density ratio — ratio of the incidence rate in the exposed to the
incidence rate in the unexposed. Incidence assumes that any individual in the
denominator has the potential for being in the numerator. Incidence rate is useful
when individuals in the denominator were not followed for the full time period
due to loss to follow-up, etc. In this case, the denominator consists of the sum of
the different times each individual was at risk. This is often expressed in terms of
person-years.
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Cohort Studies — Potential Issues

0 Weaknesses

Causal inference challenging to impossible, often muddied by
influences of confounding variables.

Prospective studies are expensive and inefficient for rare outcomes.

Retrospective studies give limited control over how the population of

interest was sampled and over the nature and quality of the predictors.
O Potential biases

Information bias — when the quality and extent of information
obtained is different for exposed and unexposed subjects.

From non-response and losses to follow-up (e.g., if people with
disease are selectively lost to follow-up, incidence rates in the two
groups will be hard to interpret).
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Newly Reported Respiratory Syiaptoms and Conditions Among Mihitary
Personnel Deploved to Iraq and Afghamstan: A Prospective
Population-based Study

Besa Sm.iﬂ'l*, Charlene A. Wong, Tyler C. Smith, Edward J. Boyvkoe, Gary D). Gackstetter and
Margaret A. K. Eyan for the Millennium Cohort Study Team

Comesporuderce to Dr. Besa Smith, Departmerdt of Deferce Cerder for Deplommerd Health Bezearch, Haral Health Recearch
Ceriter, 140 Sybrecter Boad, Sar Diego, CA 92106-3521 (e-mail: besa smitbyme d namry mil).

Received for pudlivation MNovemder 20 2008, Aocepted for pudlication dugust 12 2000

Concerns about respiratory conditions have surfaced among persons deployed to Irag and Afghanstan.

Data on 46,077 Millennnon Cohort Study participants who completed baseline (haly 2001 —hane 2003 and

followup (hane 2004 —Febmary 20087 questionnaires were used to investizate 1) respiratory symptoms

[persistent or remurring cough or shortness of breath), 2 chronic bronchitis or emphysema, and 3)

asthma. Deployers had a hugher rate of newly reported respiratory symptoms than nondeployers [14% ws.

10%%), while siilar rates of chromc bronchitis or emphysema( 1% v, 19%) and asthina (195 ws. 1%6) were

observed. Deployment was associated with respiratory symptoms in both Army (admsted odds ratio =

1.73, 35%; confidence mtervral: 1.57, 1.9171 and Manne Corps (admsted odds ratio = 1 .49, 25% confidence

interval: 1 .08, 2.08) personnel, independently of smoking status. Deployment length was linearly

associated wath mncreased symptom reporting m Army personnel (F = 0.0001). Among deployers,

elevated odds of symptoms were associated with land-based deploymnent as compared with sea-based

deplovmment. Althouzh resprratory symptoms were associated with deployment, moonsistency n risk wath oanmlative exposare tirme ;igzests that specific
exposwes rather than deployment in general are determinants of postdeployment respizatony dlness, Significant associations seen with land-based deployviment
also imply that exposres related to zround combat may be important.

longitudinal studies, hing diseases; rulitary personnel; sizns and symmptoms, respiratory

Abbreviations: AOE, adpsted odds ratio, CI, confidence mterval
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Case-control studies —
General Structure

O Start with diseased (case) vs. non-diseased (control).

O Examine the relationship of exposure status to
disease status.

0O Efficient when outcome 1s rare.

O Match controls to cases based on major factors
related to the disease but not of interest to the
investigator. The number of controls per case can be
different than 1:1.



Case Control Studies (retrospective)
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Challenges to case-control studies

O Selection of cases

Where/how to locate sample of interest. If all subjects
chosen from a single facility, you may find that risk
factors are unique to that location limiting the study’s
generalizability.

Do you select incident (ie., newly diagnosed) cases or
prevalent cases? Incident cases may lengthen the time of
your study as you wait for cases to be diagnosed.
Prevalent cases not ideal for studies focusing on the
etiology of the disease as risk factors in prevalent cases
may be more related to survival than development of the
disease.
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Challenges to case-control studies [2]

O Selection of controls
Must be sampled independently of exposure status.
Should estimate the distribution of exposure in the source population.

Type of matching to controls:

o  Group matching — select controls such that the proportion of controls
with a certain characteristic matches the proportion of cases with that
characteristic.

O  Individual matching — control matched to individual case based on
similarities in potential confounders.

Ratio of controls to cases — 1:1 1s the most statistically efficient;
typically not much gain in power 1s seen past a 4:1 ratio. If larger
than a 1:1 ratio is used, could use controls of different types (e.g., In a
study of brain tumors in children (cases), matched to children without
cancer (normal controls) and children with cancer but not a brain
tumor (cancer controls).
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Outcome measures 1n
case-control studies

O Odds ratio (OR) — compares the odds of exposure in
the diseased (case) group to the odds of exposure 1n
the non-diseased (control) group.

O Unlike 1n cohort studies, unable to calculate relative
risk 1n case-control study designs because there 1s no
time element in this type of study.

O OR 1s a good estimate of the relative risk when:

Incident cases selected

Cases and controls selected independently of their
exposure status

The disease is rare (~ < 1%)



Case-control studies — Potential Issues

O Weaknesses
» Limited to one variable

m Sequence of events unclear. Therefore, no ability
to determine causation.

O Potential biases
m Sampling bias

m Recall bias which potentially affects cases and
controls differently
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Eur J Endocrinal. 2009 Dec 17. [Epub ahead of print]

Serum glucocorticoids and adiponectin associate with insulin resistance in children born
small for gestational age.

Tenhala 5, Tadarowa B, Jaaskelainen J, Janne O, Raivio T, Youtilainen B,

S Tenhola, Kotka, Finland.

Ohjectives: Altered glucocoricoid activity is ane possible mechanism linking fetal arowth restriction with 1ater insulin resistance
and type 2 diabetes. We aimed to investinate whether serurm alucocoricoid parameters are related to insulin resistance in
children born small for gestational age (SGA). Design: Atotal of 110 children [55 age- and gender-matched pairs born SGA or
appropriate for gestational age (AGA) in a case-control setting] were studied at the mean age of 12.2 (5D 0.2) yvears. Methods:
Serum corisal, coticosteroid-hinding globulin (CBG), free cortisol index (FCl=cortisoliCBG) and alucocoricoid hioactivity (GBA,
transactivation assay) were analyzed and related to serum adiponecting insulin-like growth factor binding protein 1 (IGFBP-13
cancentrations and HOMA-IR and QUICK] indices. Results: In the pooled study population, GBA correlated well with cortisaol and
FCl(r=0.681 and 0.5986, respectively, F=0.001 for both). Serum codizol, CBG, FCI, GBA, HOMA-IR or QUICK] did not differ
hetween the SGA and AGA subjects, but the SGA children had loweer BMI (P=0.005) and waist circumference ONWC) (F=0.001).
The mean GBA in the highest GBA quartile was higher amaong the SGA than AGA subjects (138.6 vs. 964 nmoll cartisal
equivalents, P=0.001). In the 3GA children, GBA carrelated positively with HOMA-IR (=022, P=0.001) and inversely with
adipaonectin (r=-0.273, P=0.0427 &NCrheight ratio adjustments), and in logistic redaression analysis, higher GBA (OR 1.3;
P=0.013), lower adiponectin (OF 1.4; P=0.038), and lower IGFBEP-1 (OR 1.9; P=0.010) associated independently with higher
HOMA-IR. Conclusions: These findings suggest that increased alucacorticoid activity and low serum adiponectin cancentrations
associate with insulin resistance in SGA childran,

PRID: 20013129 [Pubhed - as supplied by publizher]
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Nested case-control studies

O A case-control study nested within a cohort study.

0O Ideal for predictor variables that are expensive to
measure and that can be assessed at the end of the
study on subjects who develop the outcome during
the study (cases) and on a sample of those who do
not (controls).

O Because the number of cases 1s probably fairly
small, can match multiple controls to a given case to
increase the power.
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Why use a nested case-control study?

O Removes recall bias because data collected before
development of disease.

O Allows for the time element to be included 1n the case-
control. Therefore, 1f abnormal biologic characteristics were
found years before the disease developed, these findings
could now be attributed to risk factors for the disease rather
than potential developments of early, subclinical disease.

0O Often more cost-effective than a cohort. Not all samples
collected are tested. Rather they are stored until the disease
has developed at which time analysis begins.
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IntJ Cancer. 2009 Dec 17. [Epub ahead of prin]

Pattern of declining hemoglobin concentration prior to cancer diagnosis.

Edgren G, Bagnardi %, Bellocco R, Hjalgrim H, Rostgaard K, Melbye b, Reilly M, Adami HO Hall P, Myrén O
Department of Medical Epiderniology and Biostatistics, Karolinska Institutet, Stockholm, Sweden.

Although aneria is widely considered an early sign of malignant disease, little is known about the pattern of
hermoglobin decline prior to diagnosis. As an approach to understanding the duration of the preclinical phase of
different types of malignant diseases, we investigated pre-diagnostic hemoglobin concentration changes in a large
cohort of blood donors. Using a nested case-control design, we analyzed a population-based cohort comprising 1.1
million Scandinavian blood donors with camplete follow-up through recard linkage to population and cancer
registers. Atotal of 16 375 cancer cases were identified, for whom we selected 161 995 controls. We used
conditional logistic regression to estimate the risk of cancer in relation to hemoglobin concentration during the five
years preceding the cancer diagnosis. Hemoglobin concentration decline began already three years prior to
diagnosis of stomach cancer, multiple myeloma and lymphatic leukemia; two years prior to diagnosis of small
intestinal and colon cancer as well as of Hodgkin lymphoma. A decline was evident during the last year for
non-Hodgkin lymphoma and myeloid/monocytic leukemia, whilst no change was found for cancer of the esophagus,
breast or prostate. In conclusion, in this study we have demonstrated that the pattern of declining hermaoglobin
concentration prior to cancer diagnosis varies considerably between malignancies without being a suitable
screening tool for any of therm. For some malignancies, however, the long duration of hemoglobin decline befare
clinical diagnosis suggests a substantial lead-time with systemic effects, during which earlier diagnosis should be
achievable by emerging diagnostic tools. (o) 2009 UICC.

PMID: 200204593 [Pubied - as supplied by publisher]
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Cross-sectional studies —
General Structure

O Snapshot of the population 1n which the exposure
and the outcome are measured at the same time

0O Useful for describing variables and their distribution
patterns.

O e.g., National Health and Nutrition Examination
Survey (NHANES) — a major source of information
about the health and habits of the US population.
Collected year to year but 1s a snapshot of the health
and habits.



Common outcome measures
1n cross-sectional studies

O Prevalence
O Odds ratio



Cross-sectional studies —
Potential Issues

O Impractical for rare diseases unless sample
drawn from a population of diseased patients.

O Cannot establish causal relationships.
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Arch Toxicol. 2009 Dec 18. [Epub ahead of prind]

Association of melamine exposure with urinary stone and oxidative DNA
damage in infants.

Department of Genetic Toxicology, Shenzhen Center for Disease Control and Prevention, 518020, Shenzhen, People's
Republic of China, keyke@tom.com.

There is evidence in experimental animals for the urolithiasis and carcinogenicity of melamine, but no evidence for
melamine in hurans. To evaluate any association between melamine-contaminated powdered formula (MCPF)
feeding and uralithiasis, and further the MCPF feeding and oxidative darmage to DMA in infants. A cross-sectional
study was carried out to assess urolithiasis and urinary 8-hydroxy-2-deoxyguanosine (3-0HAE) in four groups of
infants according to the type of feeding: (1) Infants receiving over 90% of their intake as MCPF. (2) Infants receiving
a0-830% of their intake as MCPF. (3) Infants receiving less than 50% of their intake as MCPF. (4) Infants receiving
over 90% of their intake as imported milk powdered formula free of melamine contamination. Groups 1 to 3 are the
observation groups, and Group 4 is the reference group. There is a significant correlation between urolithiasis and
percentage of MICPF intake. The mean urinary 8-0HdG concentrations for Groups 1,2, 3, and 4 were: 2.03 +-~ 052,
1.67 +-0.28, 1.90 +-0.39, and 1.85 +~ 0.47 micromoles per mole of creatinine, respectively. There were no
significant differences in the mean urinary 3-0HdG concentrations among the observation and contral groups. There
were also no correlation between mean urinary 8-0OHdG excretions and percentage of MCPF intake. Our data
suggested that melamine exposure were associated with urolithiasis, but it might not cause any increase in
oxidative darmage of DMA in infants.

PMID: 20020103 [PubMed - as supplied by publizhet]
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Conclusion

0 The beginning of good study design 1s a good plan — define
your specific aims writing them out in no more than 1-2
sentences per aim.

O The choice of intervention or observational trials will be
guided by the questions your specific aims raise.

O Intervention trials good for determining causality; however,
randomization not always ethical.

O A variety of observational trials are available. The best
choice 1s determined by your outcome of interest and what, if
any, time frame that 1s of interest.
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