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Learning Objectives

After this session, learners will be able to:

* Recognize different types of data commonly collected in health care
settings

* Describe epidemiologic reasoning and how it is related to desired level
of evidence

« Evaluate feasibility and the resources needed for different types of
iInvestigations
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Biostatistical Consulting Unit (BSCU)

« Founded in 2004 in response to growing:

o Research interests in our medical centers _ _
BSCU consultation services at-a-glance:

= th, v/ =

Sample size and power
calculations

o Programming and biostatistical needs

32 staff (23 programmer analysts)

Study design Statistical methods Feasibility data

O

Data analyses Assistance with preparation
of abstracts, presentations,
manuscripts (co-authors)

o
(((

IRB application development Data collection and
and refinement management
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2024 BSCU Research Sponsors

Kaiser Foundation Hospitals (KFH)

o Graduate Medical Education (GME)

o Community Health (CH)

The Permanente Medical Group (TPMG)

Industry and Institutional Funding

o Bayer AG, Physician Researcher Program, other
foundation grants

5%

m Graduate Medical
Education

= Community Health
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Medical Group
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Recent* Medical Education-led Studies (N=323)
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In 2024, the BSCU supported 107
scholarly outcomes:

Scholarly Outcomes by Clinical Specialty 34 Published Manuscripts

73 Conference Presentations

Women's Health 5— 21
Surgery *5 9
Podiatric Surgery &1 2

Pediatrics 3— 10
Ophthalmology == 1

Hematology/Oncology === 1
Neurology mmm 1

Nephrology 1F 3
Mental and Behavioral Health ™ 2

Internal Medicine | EE— 17

Infectious Disease m— 2
Gastroenterology R 4
Family Medicine ————— 3

Endocrinology s 1
Emergency Medicine ™= 1
Community Medicine === 1

Cardiology I 3

0 5 10 15 20 25

m Conference Presentations  mPublished Manuscripts
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Understanding Data
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Levels of Data (socio-ecological) _

e Qutcomes are
influenced by factors at
multiple levels, from
genetic to societal

Implement
FederaliState
laws and
regulations that
support cancer

screening

Healthy People
2020 goals,
National
Prevention
Strategy goals

' COMMUNIRY: Clinical, program policies,
Clinical, program or recommendations of
policies of Federal

recoghized bodies, o There are “ I |p0rta nt
programs (CDC, 5 national organizations,
HRSA, CMS NIH, Community, state & professional
IHS, AHRQ) Health disparities

and regional
organizations

collaboratives

associations

interactions between
and within levels

« Change at higher levels
(society) can cause

(e.g.. USPSTF,
Community Guide,
ACS, ACR, ASCCP,
NCQA, AGA,
NCCRT, and
others)

ORGANIZATIONAILE

Employers/
worksites

Cancer burden &
trends, at-risk
populations,
clinical
guidelines,
screening
guidelines,

Community-
based

INTERPERSONAL organizations

Clinical,
program
policies of AlJAN

Survivorship
support

e R g | " change at lower levels

INDIVIDUAL

(behavior) and vice

versa (reciprocal
The CDC Colorectal Cancer Control Program’s (CRCCP’s) determinism)
multi-level approach to colorectal cancer prevention

— e
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Choosing a Level and Scope of
Intervention & Investigation

Suggest limiting to 2 levels:

o One level: Individual (resident’s attitudes) &
Individual (resident’s clinical competency)

o Two Levels: Individual (resident’s attitudes) &
Interpersonal (attending’s behavior)

« |t takes an entire body of knowledge to address all
levels

e Critics can be unrealistic

o If you don'’t solve economic inequality, your
intervention is trivial

« Thinking at multiple levels will broaden your
intervention & investigation options

11

Increasing
Population Impact

Counseling
and Education

Clinical
Interventions

Long-Lasting Protective
Interventions

Increasing Individual
Effort Needed

Changing the Context to Make
Individuals’ Default Decisions Healthy

v

Socioeconomic Factors

FIGURE 1—The health impact pyramid.

Frieden, 2010




Types of Health Care Data

+ Patient-level (more common in research vs Ql) Health Plan

o Medical records (diagnoses, procedures, labs, pharmacy, radiology)

o Patient demographics / \

o Patient satisfaction
o Utilization (visits, calls)

o Costs (copays, premiums)

o Health insurance (type of insurance, public vs commercial)

* Provider-level (residents, fellows, faculty)
o Administrative (human resource data on employees)
o Behaviors \ /

o Facilitators/barriers associated with behaviors (psychosocial,
environmental, structural, legal)

o Clinical learning environment:

Radiology

o Training activities Centers

o Clinical competency

PERMANENTE MEDICINE.
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Why Understanding Data Matters

The type of data you have,
along with how it is
distributed and varied, will
dictate how you analyze
and interpret your data




Types of Data

Data
Qualitative Quantitative
Categh Continuous
Nominal Ordinal Interval Ratio
Dichotomous

PERMANENTE MEDICINE.
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Qualitative Data

« Words (scripts, interviews)
* Pictures

* Videos

Qualitative research asks:

o “Whatis X?”
» “How does X vary in different circumstances?”
* And “Why?”

Rather than “How many X’s are there?”

PERMANENTE MEDICINE.
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Qualitative Methods

Common designs: Gathers ideas and themes about:

* Focus groups - Knowledge/Beliefs

* Surveys :
Y . Attitudes
* Interviews _
: * Practices
« Nominal group process o
* Priorities

« Delphi Technique

«  Community forum « Available resources

« Participant observation * Program preferences
 Photovoice e Distribution outlets
» Video ethnography » Choice of language

PERMANENTE MEDICINE.
— rm— Group



Quantitative Data

« Data that can be quantified:

o Discrete = counts (whole numbers).

o Categorical = labels you can sort into groups.

o Continuous = measurements (can include
decimals).

o Interval = equal spacing, no true zero.

o Ratio = equal spacing, with a true zero.

Quantitative research asks:

* Descriptive Questions (What is happening with X?)

« Comparative Questions (/s there a difference
between X and Y?)

* Relationship Questions (/s there a connection
between X and Y?)

« Causal/Experimental Questions (Does X cause Y?)

Rather than “What is X?”

PERMANENTE MEDICINE.
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Clinical Learning Environment Example

« Broad Question: How are knowledge and wellbeing
related to clinical competency among residents?

» Operationalize factors and outcomes of interest

» Factors affecting clinical competency:

o Knowledge - # professional development
sessions attended

o Well-being - mental health score (PHQ9)
* Qutcome of interest

o Clinical Competency -> medical knowledge score
cutoffs (low vs high score)

» Operationalized question: How are number of
professional development sessions attended and Hvpothesis testi
PHQ9 scores relate_d to resident clinical Variable A YPOTIESIS oo Variable B
competency in medical knowledge?

PERMANENTE MEDICINE.
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Understanding Level of
Evidence
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Epidemiologic

Reasoning

Analytical

Epidemiology

T

Descriptive
Epidemiology

Form
hypothesis

Test

hypothesis

Several

Criteria
R/O Bias, T
Chance, Judge
causation

Confounding

Risk Ratio,
Rate Ratio, T @
Odds Ratio
Assess
T validity

Determine
statistical
association
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Descriptive Statistics (Univariate Analysis)

» Distribution (normal, skewed)
» Central Tendency (mean, median)

« Variability (standard deviation, variance)

PERMANENTE MEDICINE.
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Clinical Learning Environment Example (descriptive)

* Question: How many trainees and faculty have # of Professional Development Sessions
attended at least four professional development Attended by Trainees and Faculty
sessions on medical knowledge? 5

o # of trainees/faculty who attended sessions

o Distribution of session attendance among
trainees and faculty A

w

N

—

1 Session 2 Sessions 3 Sessions 4 Sessions

(@)

m Residents ®Fellows = Faculty

PERMANENTE MEDICINE.
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Several

Criteria
Epidemiologic T
. R/O Bias,
Reasoning Chance, Judge
. causation

Gonfounding

Risk Ratio,
Rate Ratio, T @
Odds Ratio

Assess
Analytical T validity
Epidemiology .
Determine
t statistical
. association
Descriptive

P Test

Epidemiolog)w hypothesis

Form

| ]
hypothesis @
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Bivariate Analysis

DISEASE
* The simultaneous analysis of two
variables
- Explores relationship + -

RISK
FACTOR | + a b

« Determines:

o Whether an association exists

o Strength of this association } C d

a If there are differences between
the variables

o The significance of these
differences

» Chi-square, t-test, correlation tests

PERMANENTE MEDICINE.
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Clinical Learning Environment Example (bivariate)

* Question: Is there a relationship between residents
who have attended at least three professional
development sessions and having a high clinical
competency score?

o Two variables:
o Attended at least 3 session (y/n)

o High medical knowledge competency score
(y/n)

o Analysis: Chi-square (comparing two categorical
variables) or Fischer exact test (if small cell
counts); simple logistic regression

Clinical

Attendance Competency

Example interpretation: We found that residents who
attended at least 3 professional development sessions
had 2.5 greater odds of having high medical knowledge
competency.

PERMANENTE MEDICINE.
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Several
Criteria

Epidemiologic T
R/O Bias,

Reasoning Chance, Judge
: causation
Risk Ratio, Confounding
Rate Ratio,

Odds Ratio T @

Assess
T validity

Analytical

=pidemiology Determine

t statistical
association

Descriptive Test
Epidemiology hypothesis

Form

| ]
hypothesis @
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Associations and Threats to Validity

Observed Association

False
(Spurious Association)

True

Chance

Not Causal

Bias

Causal

(Causal Association)

Confounding
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Multivariable Analysis

« The simultaneous analysis of several variables
» Creates predictive models that can help us understand causality
« Used to control for confounding factors and uncover interactions

 ANOVA, multiple linear/logistic/Cox Hazards models
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Clinical Learning Environment Example (multivariable)

29

Question: Is there a relationship between residents
who have attended at least three professional
development sessions and having a high clinical
competency score, after adjusting for resident well-

Independent Variables Dependent Variable

Attendance

being?
o Three variables: CIinicaI
o Attended at least 3 session (y/n) — primary Competency
predictor

o PHQ9 score (low/high) - covariate

o High medical knowledge competency score
(y/n)
Analysis: Multivariable logistic regression

Example interpretation: We found that residents who attended
at least 3 professional development sessions had 1.5 greater
odds of having high medical knowledge competency, after
adjusting for mental health score.



30

Epidemiologic
Reasoning

Analytical
Epidemiology

T

Descriptive Test
Epidemiology hypothesis

Form

hypothesis @

R/O Bias,

Several
Criteria

T

Judge
causation

Chance,
Risk Ratio, Confounding
Rate Ratio,
Odds Ratio
Assess

T validity
Determine
statistical
association
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Hill’s Criteria for Causality (1965)

Strength &

Dose-
Response

Temporality

Consistency

Association

Plausibility Coherence

Specificity

Experiment

Analogy
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Systematic Reviews
and Meta-analyses

Randomized
Controlled Double
Blind Studies Coh

=0 30

Case Control Studies

VA Reports
deas, Editorials, Opinions

Evidence Summarfes

RCTs Case Cohorts,
Control Studies

Clinical Research Critiques

Summaries
of the Evidence
Other Reviews of the Literature
Critically Appraised
Research Studies

Individua!
Research Studies

Textbooks

C— Sy ematic Reviews
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emncoss A 4 |
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eTG, UpToDate /

A— Critically Approised Topics
(iestrutionspectic CATS, Clinicol
Evicdence Dotobose. FPIN Clinkol Inquirie)

G— SPecialty-specific POEM)
(Dol POfM)

ACP Journal, EBM Journal Symoven ' Critically Appraised Individual
z Articles (ACP loumal Club)
CDSR, BMJUpdates
A— T ¢t b O ORY
Syntheses \ 0. Horrbon's Online)
£ 3
- e JOUMa Articles
P\.M:::; EMBASE, (Originol Reseorch found with
Psyc! 7 ot MEOLINE & other dotoboses)
6 g Cochrane Database of Systen
ACP Journal Club
PubMed (MEDLINE) - ANt
E 2 MeSH term and a8 3 publict
% I:al-'au these
Cochrane Database of § simultaneousty
PubMed (MEDLINE) -
= “AND" systemetiiso]in
2 analyses.)
| \ [unFiLtereo
E — / os ':\:\Immmnon
H
g
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Systematische
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« National Guideline Cl
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—

Systematic Reviews I 9 4
(meta-analysis) of RCT's

(Randomized) Controlled
Trials (RCT's and CCT's)

Evidence Pyramids:

hierarchy of the quality/utility
of evidence from top to bottom
of each pyramid

http://laikaspoetnik.wordpress.com/2008/09/



Choosing Appropriate Statistical Tests

Goal
Comparison of two Comparison of three or Measure Prediction
Comparison of groups mare groups association
ER one group to a between two
Deseription’of hypothetical I I vaariables
one group Rl [ |
| Unpairedgroups | ’7Paired groups |
. Unmatched Matche From another From several measure
Groups . measured or binomial variables
I variable
o N R o | |
R, I
I Fisher's test R, I o} N
; ]
Chi-square (chi-square R, I o N R, | N
or ND NN for large

ND NND Binomial test D samples) |
[ Cochrane
Q NND

One- Wilcoxon test Unpaired t Mann-Whitney ND ND
sample t test test Multiple
test logistic

Simple linear regressions
Repeated Friedman test regression
measure

s
[ l ANOVA l Nonparam
etric
| R/ | (e} I N | R, ! | (o] N regression
|
R 1 McNemar's
! test Contingency Simple logistic
ND NND coefficients regression
I Proportion | l N | 1 NND l L
N NND [ I
m] ] [
Wilcoxon test I I Spearman
] correlation Multiple linear
Mean, Median, Chi-square regressions
sD interquartile [ ND I | NND l test or
range B Multiple nonlinear
One-way Kruskal-Wallistest Pearson correlation
ANOVA

R, | = Ratio and Interval data  O= Ordinal data N = Nominal data
N = Normal distribution ~ NND = Non normal distribution

Ayt Bl e e e Karan J. How to select appropriate statistical test.? | Pharm PERMANENTE MEDICINE.
: Negative Results. 2010;1:61-3. [Google Scholar] The Permanente Medical Group



https://scholar.google.com/scholar_lookup?journal=J+Pharm+Negative+Results&title=How+to+select+appropriate+statistical+test.?&author=J+Karan&volume=1&publication_year=2010&pages=61-3&

Resources for conducting analysis in Excel (step by step)

« Descriptive analysis: https://www.excel-easy.com/examples/descriptive-statistics.html
« Bivariate analysis:

o 2 categorical variables (chi-square): htips://researchquides.library.vanderbilt.edu/c.php?g=156859&p=1171766

o 2 continuous variables (correlation test): https://www.excel-easy.com/examples/correlation.html

o 1 categorical and 1 continuous (t-test): https://statisticsbyjim.com/hypothesis-testing/t-tests-excel/

« Multivariable analysis: suggest working with someone with at least masters-level statistics/epidemiology
background

PERMANENTE MEDICINE.
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https://www.excel-easy.com/examples/descriptive-statistics.html
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https://www.excel-easy.com/examples/descriptive-statistics.html
https://researchguides.library.vanderbilt.edu/c.php?g=156859&p=1171766
https://www.excel-easy.com/examples/correlation.html
https://www.excel-easy.com/examples/correlation.html
https://www.excel-easy.com/examples/correlation.html
https://statisticsbyjim.com/hypothesis-testing/t-tests-excel/
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https://statisticsbyjim.com/hypothesis-testing/t-tests-excel/
https://statisticsbyjim.com/hypothesis-testing/t-tests-excel/
https://statisticsbyjim.com/hypothesis-testing/t-tests-excel/

Feasibility & Resources
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Support

* Funding/Institutional Support
o Protected time for scholarly activity
o Research staff funding
o Conference fees and travel
o Paper fees and medical editor
« Clinicians
o Subject-matter knowledge
o Can chart review, if needed
 Methods experts

o Research (investigator) vs quality
improvement (improvement advisor)

o Quantitative (biostatistician) vs Qualitative
(focus group researcher)

o Data extraction (programmer)
o Regulatory oversight (compliance/IRB)




Consider Level of
Methodology Support
Needed

Design  Traditional study * LEAN, Six Sigma
designs (cross « PDSA cycles, pre/post
sectional, cohort, case- intervention

control), pre/post Typically, observational and
» Typically, observational = prospective

Analytical - Descriptive  Descriptive
Scope  Bivariate and  Bivariate comparison
multivariate modeling  Descriptive trends over time
» Analytical trends over (run charts)
time  Likely no power
Past grjg;’fyt:ftfa’;,ﬁ,?g’?;opg rogrammer - Likely several power calculations
calculations * Process/root cause maps

PERMANENTE MEDICINE.
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Data Centers

Accessing Electronic Medical Records can
be Complex

« May require sophisticated programming

Database Database

skills to pull and manage data o
a KPNC analyst training program — 6 o
months to initially learn databases and
how to pull it I
« Software commonly used to communicate Local Servers
with our databases: p— Desktop/Laptop
o Oracle SQL Developer —— >Qi
a SAS SQL o
o R studio I
* No programmer to pull data? Mainframe
a Chart review
a Prospective

PERMANENTE MEDICINE.
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Chart Reviewing can be Complex

» |If no programmer to identify cohort, may require
large # of charts for inclusion/exclusion

* |f timelines are short, consider time for chart review
and feasibility (resident rotations)

» |f multiple chart reviewers, need to consider
interrater reliability, typically need an analyst to
conduct, takes time

« Keep chart review simple

» Use a structured data collection tool (DCT)

PERMANENTE MEDICINE.

The Permanente Medical Group



Prospective Methods

 Need to consider:

a

a

a

Recruitment (how you recruit can bias sample)
Informed consent (if research)

Incentives to increase response rate

Data collectors (surveyors, focus group
facilitators)

PERMANENTE MEDICINE.
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Additional Support & Considerations

* Local Support Staff

o Research project managers, research
faculty

« Compliance and Approvals

o Institutional Review Board (IRB) or
Research Determination Office (RDO)

 Leadership

o Local research chair, chief of dept,
physician-in-chief, area manager,
executives, legal

* Presentation/Paper
o Medical editor if writing needs extra support

o Programming/analysis in response to peer
reviewers

41
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Key Takeaways

» Operationalize big ideas into
analyzable variables

« Understanding the type of data
collected will inform appropriate
approaches to analysis

* Your type of analysis will inform
your investigation’s level of
evidence

* Be realistic with the resources
and support available to you
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