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My Presentation Objectives
ØDefine research study design options
ØDifferentiate clinical research from
health services research
ØDiscuss the basics and importance of
§ Interrupted time series design and
segmented regression
§ Patient-reported outcomes
§ Dissemination & implementation science
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Health Services Research (IOM)

Traditional Hierarchy of Evidence

“Examines the use, costs, quality,
accessibility, delivery, organization,
financing, and outcomes of health care
services to increase knowledge and
understanding of the structure,
processes, and effects of health services
for individuals and populations.”
Health Services Research: Work Force and Educational Issues. Institute of Medicine, National Academies Press,
Washington, DC, 1995.

Evidence-Based Medicine
If all you have is a hammer, everything looks like a nail

“Clinical decisions should, as far as possible, be
evidence based. So runs the current clinical
dogma. We are urged to lump all the relevant
randomized controlled trials into one giant
meta-analysis and come out with a combined
odds ratio for all decisions. Physicians, surgeons,
nurses are doing it; soon even the lawyers will be
using evidence based practice. But what if there is
no evidence on which to base a clinical decision?”
Seven Alternatives to Evidence Based Medicine. Isaacs D, Fitzgerald D. BMJ. 1999 Dec 18-25;319(7225):1618.

Traditional
hierarchy of
support for
evidence-based
medicine…
But now likely
outdated.
Guyatt G, Sackett D, Sinclair J, et al. User’s guides to the medical literature. IX. A method for grading health care
recommendations. Evidence-Based Medicine Working Group. JAMA 1995; 274: 1800–04.
Djulbegovic B, Guyatt GH. Progress in evidence-based medicine: A quarter century on. Lancet. 2017 Jul 22;390:415-423.

Katie – Bar the Door!
• “The key problems of today are ‘wicked’
problems that are multilevel, multiply
determined, complex, and interacting.”
• “The RCT designs and hegemony around
systematic reviews have worked well to create
an initial body of research but have not worked
for producing replicable results that matter or
translate.”
• “We propose a 10-year moratorium on efficacy
RCTs in health and health services research.”
Kessler R, Glasgow RE. A proposal to speed translation of healthcare research into practice: Dramatic change is
needed. Am J Prev Med. 2011 Jun;40(6):637-44.
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Three Tough But Crucial Questions
• What does it cost?
– Cost questions are important and complex, and cost data must
be a primary focus rather than an afterthought or “add-on.”

Three Basic Questions That Can Be Asked
in Assessing a New or Existing
Treatment or Other Intervention

• How many and what types of people will participate?
– The second “field of dreams” question “if we offer it, will people
come” is especially challenging to answer using traditional RCT
designs.
– More real world relevant designs…include preference designs
in which all or a subset of participants are allowed to choose
among alternative interventions, as is more typically done in
real-world settings.

• How do I know this will work in our setting?
– Raises critical issues for translation and dissemination that are
seldom addressed in traditional RCT designs.
A Proposal to Speed Translation of Healthcare Research into Practice: Dramatic Change is Needed. Kessler R,
Glasgow RE. Am J Prev Med. 2011 Jun;40(6):637-44.

Explanatory versus Pragmatic Trials
In 1967, Schwartz & Lellouch noted limited applicability of
many trial results beyond the artificial, “laboratory”
environment of the trial.

Explanatory
Trials

• Aimed at confirming a physiological
hypothesis, precisely specified as a
causal relationship between
administration of an intervention and
some physiological outcome

Pragmatic
Trials

• Aimed at informing a clinical, health
service or policy decision, where this
decision involves the choice
between two or more interventions

Schwartz D, Lellouch J. Explanatory and pragmatic attitudes in therapeutical trials. J Chronic Dis. 1967;20:637–648.
Treweek S, Zwarenstein M. Making trials matter: Pragmatic and explanatory trials and the problem of applicability. Trials.
2009;10:37.

Uncontrolled Before and After Study

Vetter TR. Magic Mirror, on the Wall-Which Is the Right Study Design of Them All?-Part I. Anesth Analg. 2017;124(6):2068-2073.
Vetter TR. Magic Mirror, On the Wall-Which Is the Right Study Design of Them All?-Part II. Anesth Analg. 2017;125(1):328-332.

Research Study Design
Classification System or Taxonomy

Vetter TR. Magic Mirror, on the Wall-Which Is the Right Study Design of Them All?-Part I. Anesth Analg. 2017;124(6):2068-2073.
Vetter TR. Magic Mirror, On the Wall-Which Is the Right Study Design of Them All?-Part II. Anesth Analg. 2017;125(1):328-332.

Uncontrolled Before and After Study

• Only measures performance before and after the
introduction of an intervention in the same study
population and at the same care delivery site(s)
• Any observed before and after differences in the quality
or key performance indicators are assumed to be due to
the intervention itself.
• May fail to consider the effect of an underlying or
background temporal trend, thus reducing the validity of
attributing the observed change to the intervention
• May thus overestimate effects of a process improvement
intervention or quality improvement program
Grimshaw J, Campbell M, Eccles M, Steen N. Experimental and quasi-experimental designs for evaluating guideline
implementation strategies. Fam Pract. 2000;17(suppl 1):S11–S16.
Shadish WR, Cook TD, Campbell DT. Experimental and quasi-experimental designs for generalized causal inference.
Belmont, CA: Wadsworth; 2002.
Eccles M, Grimshaw J, Campbell M, Ramsay C. Research designs for studies evaluating the effectiveness of change
and improvement strategies. Qual Saf Health Care. 2003;12:47–52.
Sedgwick P. Before and after study designs. BMJ. 2014;349:g5074..

Shewart-style, statistical process control chart with centerlines, upper control limits,
and lower control limits for the sequential pre- and post-intervention time periods;
2 group proportions/frequencies typically compared with a simple Chi-square test.
Brooks BS, Barman J, Ponce BA, et al. An electronic surgical order, undertaking patient education, and obtaining informed
consent for regional analgesia before the day of surgery reduce block-related delays. Local Reg Anesth. 2016 Oct 5;9:59-64.
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Controlled Before and After Study

Controlled Before and After Study

• A very similar control population is identified, which is
expected to experience and demonstrate an underlying or
background temporal performance or behavioral trend that is
also very similar to the active study population.
• Sample quality or performance data are collected
simultaneously from both populations, before and after the
intervention is introduced in the active study population.
• These sample data are compared, and any observed
differences are assumed to be due to the process change.
• Can be difficult to identify an adequately comparable control
population and study group, and performance and other key
characteristics can be significantly different at baseline
Grimshaw J, Campbell M, Eccles M, Steen N. Experimental and quasi-experimental designs for evaluating guideline
implementation strategies. Fam Pract. 2000;17(suppl 1):S11–S16.
Shadish WR, Cook TD, Campbell DT. Experimental and quasi-experimental designs for generalized causal inference.
Belmont, CA: Wadsworth; 2002.
Eccles M, Grimshaw J, Campbell M, Ramsay C. Research designs for studies evaluating the effectiveness of change
and improvement strategies. Qual Saf Health Care. 2003;12:47–52.
Sedgwick P. Before and after study designs. BMJ. 2014;349:g5074..

Taenzer AH, Pyke JB, McGrath SP, et al. Impact of pulse oximetry surveillance on rescue events and intensive care unit
transfers: A before-and-after concurrence study. Anesthesiology. 2010 Feb;112(2):282-7.

Interrupted Time Series (ITS)

Segmented Regression and ITS

• Considered the strongest, quasi-experimental research
design for evaluating longitudinal effects of interventions
• Appropriate for evaluating the effects of a wide-scale,
system-wide guideline implementation or process
change—situations in which it is difficult to identify a
valid control group or to randomize study participants
• Determines if the intervention had an effect greater than
the underlying temporal or background trend
• Data are collected at 20 or more, nearly equal time
points before and then at 20 or more, nearly equal time
points after the intervention.

• ITS design may not adequately compensate for effects
of other known or unknown interventions or events
occurring concurrently with study intervention, which
might also affect quality/performance outcome measures.
• Segmented (hockey-stick, piecewise, or broken-stick)
regression can mitigate this internal validity risk, and its
routine use with an ITS design has thus become strongly
recommended—making it tantamount to a prerequisite.
• Lack of segmented regression reclassifies a purported
ITS study into a less rigorous uncontrolled before and
after study with its statistical process control charts

Grimshaw J, Campbell M, Eccles M, Steen N. Experimental and quasi-experimental designs for evaluating guideline
implementation strategies. Fam Pract. 2000;17(suppl 1):S11–S16.
Eccles M, Grimshaw J, Campbell M, Ramsay C. Research designs for studies evaluating the effectiveness of change
and improvement strategies. Qual Saf Health Care. 2003;12:47–52.
Kontopantelis E, Doran T, Springate DA, et al. Regression based quasi-experimental approach when randomization is
not an option: Interrupted time series analysis. BMJ. 2015;350:h2750
Handley MA, Lyles CR, McCulloch C, et al. Selecting and improving quasi-experimental designs in effectiveness and
implementation research. Annu Rev Public Health. 2018 Apr 1;39:5-25.

Wagner AK, Soumerai SB, Zhang F, et al. Segmented regression analysis of interrupted time series studies in
medication use research. J Clin Pharm Ther. 2002;27:299–309.
Penfold RB, Zhang F. Use of interrupted time series analysis in evaluating health care quality improvements. Acad
Pediatr. 2013;13:S38–S44.
Kontopantelis E, Doran T, Springate DA, et al. Regression based quasi-experimental approach when randomization is
not an option: Interrupted time series analysis. BMJ. 2015;350:h2750

Segmented Regression Analysis

ITS with
Segmented
Regression
ÛInterrupted time series with
segmented regression showing
surgical site infection (SSI) rates

The level change is an estimate
of the change in level that can be
attributed to the intervention,
observed between the time points
immediately before and immediately
after the intervention…but it is not
actually so simple.

Control chart showing
surgical site infection rates Þ

Ratet = ß0 + ß1timet + ß2with program implementation + ß3time after programt + et
Kontopantelis E, Doran T, Springate DA, et al. Regression based quasi-experimental approach when randomisation Is not an
option: Interrupted time series analysis. BMJ. 2015 Jun 9;350:h2750.
Handley MA, Lyles CR, McCulloch C, et al. Selecting and improving quasi-experimental designs in effectiveness and
implementation research. Annu Rev Public Health. 2018 Apr 1;39:5-25.

Ehrenfeld JM, Wanderer JP, Terekhov M, et al. A perioperative systems design to improve intraoperative glucose monitoring
Is associated with a reduction in surgical site infections in a diabetic patient population. Anesthesiology. 2017;126(3):431-440.
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Types of Patient Outcomes:
The Patient Perspective

Patient-Reported Outcomes (PROs)
Patient-reported outcome
(PRO) data are defined
by the FDA as “any
report of the status of a
patient’s health condition
that comes directly from
the patient, without
interpretation of the
patient’s response by a
clinician or anyone else.”

Patient Outcomes Assessment:
Sources and Examples

Clinician-reported

Mortality, physical
examination, global
impression

Physiological and
anatomical

Vitals signs,
laboratory testing,
radiological and
cardiographic
imaging

Caregiver-reported

Dependency versus
independency,
cognitive status,
mood/affect, sleep
hygiene

Patient-reported

Subjective
symptoms,
functional status,
health-related
quality of life,
satisfaction

W u A W , S nyder C , C lancy C M , S teinw achs D M . A dding the P atient P erspective to C om parative E ffectiveness R esearch. H ealth A ff
https://w w w .nihcollaboratory.org/cores/P ages/P R O .aspx

2010, 29(10):1863-1871.

Health-Related Quality of Life

Patient Reported Outcomes Measurement
Information System (PROMIS)

• Health-related quality of life (HRQoL)
is a multi-dimensional concept that
includes domains related to physical,
mental, emotional and social functioning.
• It goes beyond direct measures of life
expectancy and causes of death, and
focuses on the impact health status has
on quality of life.

• Funded by the National Institutes of Health (NIH)
• System of highly reliable, valid, flexible, precise,
and responsive assessment tools that measure
patient–reported health status
• PROMIS Global Health Measure – 10-items:
Assesses global physical, mental and social
HRQoL through questions on self-rated health,
physical HRQoL, mental HRQoL, fatigue, pain,
emotional distress, social activities, and roles
http://w w w .nihprom is.org/

H ealthy P eople 2020. A bout H ealthy P eople. Foundation H ealth M easures. A vailable at
http://healthypeople.gov/2020/about/Q oLW B about.aspx and w w w .healthypeople.gov/sites/default/files/H R Q oLW B FullR eport.pdf

Dissemination and Implementation
(D&I) Research
• Historical lack of timely incorporation of new, beneficial
diagnostics and therapeutics into routine practice
• Dissemination: Targeted distribution of materials to a
specific clinical audience to spread knowledge about
evidence-based practices and sustain in routine care
• Implementation: Fosters adoption and integration of
evidence-based health interventions so as to change
specific practice patterns
• D&I Research: Examines processes for transferring
interventions into local settings
C olditz G . The P rom ise and C hallenges of D issem ination and Im plem entation R esearch. In: D issem ination and Im plem entation R esearch in
H ealth: Translating S cience to P ractice. B row nson R , C olditz G , P roctor E K , eds. N ew Y ork: O xford U niversity P ress, 2012:3-22.
P A R -13-055: D issem ination and Im plem entation R esearch in H ealth (R 01). N ational Institutes of H ealth. B ethesda, M D : N ational Institutes
of H ealth O ffice of E xtram ural R esearch, 2013, http://grants.nih.gov/grants/guide/pa-files/P A R -13-055.htm l

http://w w w .nihprom is.org/faqs
http://w w w .nihprom is.org/science/publications

Three Distinct Types of Research
But they share common aspects

• Intervention trials
• Healthcare
decision-making

• Organizational performance
• Patient experiences of care
• Health care access and
utilization
• Measurement development
(e.g., PROs, KPIs, CERs)

• What, how, and why of the
dissemination and
implementation of complex
interventions
• Facilitators and barriers to
successful dissemination
and implementation

1. Highly interdisciplinary
2. Focus on real-world complex problems
3. Many investigators in these fields also have
extensive training as health care providers
M odified after C urry L, N unez-S m ith M . M ixed M ethods in H ealth S ciences R esearch: A P ractical P rim er. S age, Los A ngeles, 2015.
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IF THIS IS
NEW
GROUND
FOR YOU…
Find a local
epidemiologist, health
policy expert,
healthcare economist,
mixed methodologist,
psychometrician, or
whoever…and take
them to lunch!

5

