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Outline

* Implementation science depends on real world data
e Administrative data is one important source of real life data

* Understanding how to use this data is an practical skill in implementation
science

* Discuss “real world” data lifecycle
e Capturing reality (creating data)
e Storing data
e Extracting data
* Analyzing data from non-research sources

* Challenges and opportunities
 Use cohorts and or studies that | have worked in as case studies



Phronesis

Practical lessons about using real
world secondary data



Data lifecycle
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Data lifecycle — data creation
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Widespread capture of reality with data

e Data used to be the domain of
researchers

* Today data capture is ubiquitous
* Clinical electronic medical records
* Administrative databases
* Uber / facebook

* The purpose is not expressly for
research

* How much of your life is “data” (a lot)




Opportunities and challenges in use of health
data from care settings

* Advantageous * Disadvantages
* Timely * Does not map perfectly to
e Cheap (low marginal cost) concepts in research questions
e Drug trial — 10000S$ a patient * Big data = small biases effect
e “Real world” inferences
* Large

* Diverse



Choice A Choice B
* Decide what you want

* Go get the ingredients

e But what if Whole Foods is
closed?




What do you want?

..... | don’t know, what you have?



What is your research question?

* Traditional way to get a research question: first decide what you want
then go get ingredients / data

 Alternative way to get a research question: first look to see what
ingredients / data you have then decide what you want to eat



Many existing databases for analysis public
available

e https://www.gapminder.org/data/

* https://www.healthdata.gov/

* https://data.gov.uk/



https://www.gapminder.org/data/
https://www.healthdata.gov/
https://data.gov.uk/
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HIGHLIGHTS

Safety at Sea - U.S. Coast Guard Marine Casualty and Pollution
Data for Researchers

The U.S. Coast Guard (USCG) is responsible for investigating reportable marine casualties, accidents, and serious marine incidents. The
relevant mission statement and specific regulations can be found on the USCG Investigations Division homepage. After an incident has
been reported, it is entered into a national database of all marine casualty and pollution incidents. These important historical records
can then be accessed by researchers interested in understanding maritime safety, accident prevention, or trends in certain types of
maritime incidents through time. Other agencies interested in maritime transportation performance measures rely on the USCG data
to examine incident trends on U.S. waterways. Files for the Marine Casualty and Pollution Data for Researchers datasets can be
downloaded directly from the U.S. Coast Guard Homeport website by following the drop-down menu options on the

homepage Missions: Investigations: Marine Casualty Pollution Investigations page at
https://homeport.uscg.mil/missions/investigations/marine-casualty-pollution-investigations.

As described by the USCG, “the Marine Casualty and Pollution Data files provide details about marine casualty and pollution incidents
investigated by Coast Guard Offices throughout the United States. The database can be used to analyze marine accidents and pollution
incidents by a variety of factors including vessel or facility type, injuries, fatalities, pollutant details, location, and date. The data
collection period began in 1982 for marine casualties and 1973 for polluting incidents, and is ongoing. Documentation includes entity
and attribute descriptions along with suggested solutions to general marine pollution, vessel casualty, and personnel injury and death
questions.”

Visitors to the USCG Homeport data download site should note that there are three files available fore download, but it is the second
file on the list (named MISLE_DATA.zip) that contains all available marine casualty data from January 2002 - July 2015. The files
extracted from MISLE_DATA.zip can be opened with most standard spreadsheet editing software programs.

Source: USCG Marine Casualty and Pollution Data, https://homeport.uscg.mil/missions/investigations/marine-casualty-pollution-
investigations
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designated all other sub-Saharan African countries with a generalized HIV epidemic
as the control group.

Data Sources

The joint United Nations Programme on HIV/AIDS (UNAIDS) has monitored the
Declaration of Commitment on HIV/AIDS by working with individual countries to
measure the global epidemiology of HIV and AIDS (16). We used country and year
epidemiologic data obtained through UNAIDS from 1997 to 2007 as the outcome
variables for this study. The UNAIDS determines the prevalence trends by using
sentinel and population-based surveys. The prevalence estimates, vital registry
data, and model-based calculations are then used to determine mortality and the
number of people living with HIV. All the estimates are given uncertainty bounds

that depend on the quality of the primary data and the strength of the assumptions
used in the estimation process (17).

We obtained data on Global Fund allocation of resources, population structure,
governance indicators, life expectancy, and per capita gross domestic product from
publicly available databases (10, 18-20).

Study Periods and Outcomes

We chose 2 study periods for this analysis: an early period, from 1997 to 2002,
before PEPFAR began, and a late period, from 2004 to 2007, during PEPFAR's
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Clinic-based database

* Network of integrated “clinical systems”
* “unique” electronic records of patient care experience

* Anyone can request data from the consortia
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To use it properly, you got to know what’s in it

* Questions to data or...
* Don’t make a BLT if you have no bacon



Good or bad question?

* Do the integrase inhibitors lead to more rapid viral suppression?
What are the predictors of more rapid suppression in real-world
populations?



TabMedication

id date Medication active di::;?tiic:::)tri‘on
1 4354

1 4376 EFV
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When is the start date?

Jan 2015

July 2015

Jan 2016

Jul 2016

Presented for care
at W86; no
symptoms; tested ———
positive in VCT;
Cd4is 30/ ul

Treatment discussed, patient
agreed to start, medication
prescribed and sent to pharmacy
(Jan 5, 2015)

Patient returned after several
missed visits, concedes to
restarting methamphetamine
use

Patient picked up
medication, but at next

visit, says he hadn’t

started

oo

Stabilized and started

HIV medications during

hospitalization (July 5,
2016)

Admitted through ER —
found to have
pneumococcal sepsis

Spotty visit adherence
and viral load
suppression
inconsistent




When does the patient suppress?

* When does the patient get measured?



“Adjudication...”

* Medication start date is actually unknown in the database

* Large scale effort to “correct” the start date
 What if they never come back?
* What if the provider doesn’t know or doesn’t document that delayed start?



Don’t promise a BLT if you don’t have bacon

* The effect of drug x on rapidity of suppression a bad question (a
biological question)

* Asking a question that can be answered with your data even if it is
not exactly what you originally had in mind is better than asking a
guestion that can’t be answered

* |terative

e But... the questions you can answer are more interesting (in my
opinion)

* In reality many times people go ahead and make the BLT and then are
surprised when guests complain when it is served without bacon



The omnivore’s dilemma........

where does your food come
from and do you know what is in
it?
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Data entry

Clinical care

Data pooling at national
and subnational scale
. —(possible derivation)

Ethiopia

‘Tanzania
Data collected on R
a clinical
encounter form

International
pooling
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What does this mean?

* Information collected for clinical care — recording CD4 count of that
row isn’t bad

* But not a good way to capture the CD4 for research purposes



[eDEA

International epidemiologic
Databases to Evaluate AIDS

Abstract Number: 1094
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Objectives

= To describe the CD4 cell count at the start of ART in adults in low-,
middle-, and high-income countries.

" To examine the impact of changes in World Health Organization
(WHO) guidelines on when to start ART.

Methods

= Countries were classified into low-, middle-, and high-income
countries according to World Bank definitions.

= We included adults (age 216 years) with known gender and ART start
date from a clinic or program participating in one of the following
collaborative studies:

= The International epidemiologic Databases to Evaluate AIDS
(leDEA), cohorts from: North America, the Caribbean, Central and
South America, Asia-Pacific, Central, East, Southern and West
Africa.

" The Collaboration of Observational HIV Epidemiological Research
in Europe (COHERE), cohorts: AHIVCOS, AMACS, ANRS CO2
SEROCO, ANRS CO4 FHDH, ANRS CO6 PRIMO, ANRS CO8
APROCO-COPILOTE, ATHENA, St. Pierre, Brussels Cohort,
CASCADE, ClinSurv, Cologne/Bonn, CoRIS, Danish HIV Cohort
Study, EuroSida, ICC, ICONA, ltalian Master, Modena, PISCIS, San
Raffaele, SHCS, UK CHIC.

Results

= 746,646 patients from 41 countries were included in the analysis
(Eigure 1, Table 1): 47,155 from North America (2 countries), 15,738
from the Caribbean, Central and South America (7), 2,028 from Asia
Pacific (1), 539,064 from sub-Saharan Africa (19) and 142,661 from
Europe (12).

= The median number of patients per country was 6,562 (IQR 2,556 -

18,116), median age was 36.2 years (IQR 30.3 - 43.5) and the
percentage of females was 53%.

= CD4 counts were missing (and imputed) in 28% of adults in low-
income, 21% in lower middle-income, 18% in upper middle-income
and 13% in high-income countries.

= Trends in median CD4 counts at start of ART from 2002, when ART

was scaled up globally, were similar in low-income and upper middle-
income countries (Table 1).

Lower middle- Upper middle-
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Figure 2. Modeled median CD4 by gender and country income group.
Vertical lines indicate the changes in WHO guidelines on when to start ART.

Lower middle- Upper middle-

Period Low-income income income High-income
2002 - 2005 14.5(5.5-22.1) 4.7(-13.7-18.9) 5.3(-6.2-15.5) 2.9(-5.2-10.6)
2006 - 2009 10.7 (5.9- 15.7) 11.2(3.6-18.7) 6.7(-1.7-15.4) 18.7(12.0- 25.4)
2010 - 2014 16.7 (9.3 - 25.0) 13.6(1.7- 27.6) 26.3 (13.0- 41.9) 21.3(10.9- 32.8)

Table 2. Increase of median CD4 count (95% CI) at start of ART per

Low-income . R High-income year for income group and periods corresponding to WHO guidelines.
income income

No. of patients 194,005 232,158 128,639 191,844
No. of countries 14 6 6 15 Conclusion
Median year of starting ART 2009 2008 2009 2005
Median age 36 353 347 389 = Median CD4 count at start of ART increased in most countries, but
% Women 64% 62% 64% 24% remained below 350 cells/uL in all low- and middle-income countries
Median CD4 count (cells/pL) Male Female Male Female Male Female Male Female in 2013. Substantial effort and resources continue to be needed to

2002 63 78 88 112 104 124 201 209 ) L .

2008 22 102 101 128 14 136 199 206 achieve earlier implementation of ART globally.

2006 105 130 117 148 124 148 220 224

2008 129 161 135 171 139 167 262 258




Garbage in, Garbage out

(common insult for clinic-based data, data blaming)



't you don’t want garbage, you
oot to know what you are
looking for and what you are not
(recognize garbage)

(Rebuttal, investigator blaming)



Step 1 to getting usable data:




The eye of the beholder (health care wokers)

-

INITIAL HISTORY AND PHYSICAL

e O]

g

W == 0-0Q0- 000000

Facility ID (if different)
Clinic code D |:|

Patient Last Name Patient First Name
(BACKGROUND] Sex: ()Female (OMale |patient has Partner status: Patient is referred from:
NRC number: disclosed status: || Deceased OOutpatient (OPD)
OYes OAlive (O TB comer/ chest clinic
(N I O I A A W e ONopartner |5 inpatient
Date of birth: Status disclosed to: || Partner \065 Lested: |5 MCH / PMTCT

Date of birth is an estimate: OYes

ree ][]

S /part Youth-friendly
Dml:‘ ! [:’an.':l / E‘ D“.D |:| E onmlillifemzz:ngeerr Don't know 862nerarII323T comer

Ono  |BFrend S Roeriea™ O Outside clnic
[ Child O Negative (O Project.
other 1|5 Unknown O Other.

Yy
Liver disease (O Yes, ONo

PAST MEDICAL HISTORY/| Has patient ever been diagnosed with the following diseases? If yes write year under YY column.

Yy -
STl (other than HIv) (O Yes. ONo Specify STI:

Diabetes OYes, (ONo  Heart disease OYes, (ONo  [[]Smoking: # cigs/day. #yrs,
Kidney disease (O Yes. (ONo  Hypertension OYes____(ONo [TJAlcohol: # drinks/wk____#yrs____
Lungdisease (OYes___(ONo Psychiatriciliness O Yes____ (ONo []Other
If yes, describe:
[TB HISTORY PAST TB EPISODES

5 —— Current TB drugs: Type of current TB: (mo/yr treatment started)
Patient currently on TB medication| ORHZE Pulmonary: Morth Ve
OYes ONo Osmear positive O Puimonary O Extrapulmonary
Date of current diagnosis: OSRHZE (Osmear negative

/ / - OFEH Osmear unknown Month \:‘ ‘:I Yeor

DMI:‘ DWL:I I:VLD ORHE (@) Extrapulmonary O Pulmonary O Extrapulmonary

FAMILY PLANNING

Current patient/partner family
planning:

[JNone

[JCondoms

[] Oral contraceptive pills

[ Injectable/implanted hormones
[ Other.

OBSTETRIC HISTORY]

Is patient currently pregnant? O Yes (O No
Is patient breastfeeding? QOYes ONo
How many times has patient been pregnant?
How many live births has the patient had?
How many children are now living?

Was patient tested for HIV in previous pregnancies? (O Yes () No
If medication was given for PMTCT was it ingested? (O Yes(ONo

Expected date of delivery:

0o 000

Wonth Yeer

PMTCT drugs
(tick all taken)

[ NvP
O AZT
O Other:

(ARV DRUG HISTORY] NRTIs e S NNRTIS e [OTHER CURRENT MEDICATIONS

- [JSeptrin
Tick all ever taken. If not currently Zidovud
taking give reason stopped. 0 owdne (Bzh [ __ [Nevirapine WVP) [ ___ | [ Fluconazole
REASONS FOR STOP H) Anaemia [Ostavudine (04T) [ _ [JEfavirenz (EFV) [J [ Traditional medicines
|A) Pregnancy 1) Neuropathy [tamivudine (37C) ] Pls [J Anti-malarials
B) Treatment failure ) Rash - ==
c: Pr;? aaern o [Abacavir (ABC) [ Lopinavir/ [Jother.
herence J) Hepatitis —_— |:|m°' avir (LPV/1) O CJoth
D) TB medication  K) Pancreatitis [Jrenofovir MF) [ " — e
E) Patient decision L) Lactic acidosis | [piganosine (ddl) [ Oindinavir iov) [ Oother
F) Drug interaction M)Other side effect FIC) - T — || (J Other.
6) Drug yician decision] L) OO [netfinair N [T __ || 5 oty
Drug allergjes:
PAGE 10F3  INITIAL HISTORY AND PHYSICAL v4.0
Clerk initial Staff ID Staff signature




The eye of the beholder (data manager

Conversions
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Communications: Clinical Investigators and
Data Managers

G

l -

A




Clinical investigators are from Venus and Data
managers are from Mars

* Investigator * Data manager
* You understand what you want to * Must extract data from a database
do * But does not know exactly what
* You understand what the you want
measurements mean * Does not understand what a “viral
* You must define the ingredients load” is
you want with precision  The concept is named 14334 in
* You need to spell out the the database
ingredients e The data dictionary says

“Plasma HIV RNA (Roche TM V12) =
14334~



Don’t assume...

* The data manager knows where to find “the data” (that you are
looking for)

* The data manager know whether what they’ve given you matches
what you wanted

e The data manager can read your mind




Need a “contract”




Step 1 for Investigator

* Generally you have access to the front end
* If you can, get a hold of a database schema or the tables
 Surprisingly hard to get



Step 2 — Decide how you will define your
cohort of interest

* Do you obtain the variables to do so or give instructions for cohort
definition?

* CNICS cohort inclusion criteria: two primary care visits within a year
after January 1, 2001

* But "primary care” is not a variable in the database

* Logic of the visit type classification

* Resource code —one of any number of providers
e Location —Ward 86
* Date of visit

* Prefer to derive yourself



Defining the cohort

* Give me all patients who had a primary care visit after January 1,
2000

* (unfulfillable request)

* Give me all visits after January 1, 2001, and the accompanying
resource code

e (maybe fulfill-able request)
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Codity decisions and formally communicate
with data manager

e Specify name (might be different than the “native” name of the
variable

 Specify format (date, numeric, text, coded with response categories)

* Avoid highly derived variables — strive to get more granular (can’t go
other way)

* Ask for “time invariant variables” in one table (e.g., sex, dob, etc.)

* As for all “repeated measures” in separate “long tables” (e.g.,
appointments, visits, CD4 values, hemoglobin levels, etc.

* Make sure to obtain variables from individuals even if those precede
the cohort entry date



STARTs Analysis Datasets Codebook

Data Files
File Name Description
File 1 Wide, patient level characteristics
File 2 Wide, clinic level characteristics
File 3 Long, patient level characteristics
File 4 Long, clinic level characteristics
File 5 Wide, patient level VL info
File 1
Variable Name Format Description Notes
id Text Patient id piclinicng,
sex Numeric with codes: Patient gender
1 =male
2 =female
dob Date Date of birth
age Numeric Patient age at date of used dob and feligd.
eligibility for ART to calculate. In case
where dob was
missing and age was
not: calculate DOB
using (enrollment
date — age)
clinic Text Name of clinic patient
received care in at study
commencement
garenipt Numeric with codes: Care entry point

1=PMTCT
2=Medical
3=TB
4=STI
5=Under5
6=Inpatient
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Other tips...

* Meet data manager face-to-face
* Codebook specification is iterative
* Data extraction is iterative



Once you know your ingredients
you know what’s missing



In-depth Interviews of Patient-Reported Reasons for

Disengagement

Cuner ],

Enrolled in care and

started ART Borrowed enough money to

go to clinic, but told no visits

Missed scheduled appoint, on Wednesdays, come back
because brother died and gave next week
money for the burial

Came back, not on scheduled
appointment date, had an
argument with the staff

Had been unwell so had less money
that before, used to do some small
business



Understanding Retention in the Cascade of HIV Care

retained died transferred m lost

100% -

 BEE N EQRBIEEEEEEEEEE
80% -
70% -

60% -
50% -
40% -
30%
20%

10% -

0%

Q
K L v S

Setting



A Sampling-based Solution?

All Patients in a Health Unit

Patients lost Patients with

Patients
outcome
to fozlg;lv up sought by ascertained by
tracking (C) tracking (D)

— Il —

¢

Patients Lost to
Follow-up (B)

&

Patients who Continue to be Observed

P =
< - Tw Patients Successfully
Tracked (D)




Sampling-based Estimates of Mortality in Mbarara, Uganda (N=3,628)

Q
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Time since ARV initiation (years)

Geng et al., JAMA 2008; 300(5):506-507



Sampling-based Estimates of Retention in Care (N=3,628)

""""""" Naive estimate = = = = Sgmple-corrected estimate (pessismistic)

— Sample-corrected estimate (optimistic)

CD. ]
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Time since initiation of antiretroviral therapy (years)

Geng et al., PLoS One 2011 6(7): €217972011



Sampling-weighted Factors Associated with Mortality (N=3,628)

Un-weighted Sample-weighted
(outcomes as observed) (resampled outcomes)
HR 95%Ci P-value HR 95%Cl P-value

Age (per 10 years) 1.18 0.87-1.59 0.29 1.37 1.04-1.81 0.03
Male sex 1.86 1.06-3.26 0.03 1.02 0.57-1.83 0.96
Weight < 40 kg 1.64 0.67-4.03 0.28 3.04 1.58-5.85 <0.01
Pre-ART CD4 count

<= 50 cells/mm? ref ref

51-100 cells/mm? 0.56 0.25-1.24 0.15 0.58 0.24-1.36 0.21

101-200 cells/mm? 0.24 0.08-0.68 <0.01 0.21 0.08-0.56 <0.01

> 200 cells/mm3 0.15 0.03-0.67 <0.01 0.2 0.06-0.73 0.02
Distance from home to 0.93 0.85-1.01 0.1 1.01 0.94-1.09 0.77
clinic (per 10 km)
WHO clinical stage 4 1.25 0.47-3.28 0.65 0.82 0.43-1.55 0.54
Year of ART initiation

2004 ref ref

2005 0.69 0.37-1.29 0.25 1.91 1.07-3.41 0.03

2006 0.50 0.22-1.10 0.09 0.88 0.37-2.08 0.78

2007 0.27 0.06-1.22 0.09 0.15 0.03-0.71 0.02

Geng et al., TMIH (15) s1:63—69 2010



Cooking with what’s in the kitchen is hard...

* You have to be a good chef to make something good with what’s in

the kitchen.
* Creative
* Appropriate (good judgement)
* |Iron Chef



Real world data for implementation science

* Measurement issues in real world data are complicated
* One kind of phronesis of implementation science

* No clear single source of definitive information

e Experiential (kind of like being a resident)

* Extremely valuable..



