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Background: Using data patterns

AR
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for discovery

Blood pressures are very commonly done in
family practice

Some are done manually, some are done using
an Automated Office BP (AOBP) machine

Guidelines currently recommend AOBP

We don’t know which BPs are done with AOBP
(type of BP measurement poorly recorded in
EMRS)
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Last digit preference for BP

e Manual BP and AOBP are associated with
different patterns of data for BP in both routine
care and RCTs

50% to 60% of manual BPs end in zero
(example 140/90)

Nietert PJ, et al. Effect of terminal digit preference on blood pressure measurement and treatment in primary

care. Am J Hypertens. 2006 Feb;19(2):147-52

e de Lusignan S, Belsey J, Hague N, Dzregah B. End-digit preference in blood pressure recordings of patients
with ischaemic heart disease in primary care. J Hum Hypertens. 2004 Apr;18(4):261-5. PubMed PMID:

15037875

Odd last digits other than 5 (1, 3, 7 ,9) are rarely

recorded when using manual BP
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AOBP and BP measurement

e Use of AOBP iIs associated with

— Better precision of BP recording: less End digit
preference, more odd last digits

— Better accuracy: closer to 24 hour BP
measurements

— Less white coat Hypertension

— Lower BP readings than manual in RCTs, by 5 to
10 mm Hg

» Myers MG, Godwin M, Dawes M, Kiss A, Tobe SW, Grant FC, et al. Conventional versus automated
measurement of blood pressure in primary care patients with systolic hypertension: randomised parallel
design controlled trial. BMJ. 2011;342
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Manual cuffs and automated
machines

RCT study showed:

Automated office blood pressure can be used
in primary care practice to obtain valid
readings without provoking the white coat
response often seen with manual blood
pressure measurement
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Conventional manual office BP group
(n=249)

Last routine manual office BP (mm Hg) 149.5(10.8)/81.4 (8.3) 149.9 (10.7)/81.8 (8.5)

Office BP (mm Hg) after enrolment 135.6 (1".3)/7?.7 (10.9) 141.4 (1'1.6)/80.2 (9.5)
=13.91(—

810 -16.1)***/-3.7(-251
Difference from last routine office BP (mm Hg) 2 : ( 2 —-8.5(-6.5 to —10.4)***/-1.6 (-0.4 to —2.8)**

—4.8)*+

Measurement Automated office BP group (n=299)

Myers, Martin G., et al. "Conventional versus automated measurement of blood pressure in primary care patients with systolic hypertension: randomised
parallel design controlled trial." Bmj 342 (2011): d286.
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Questions

« Can we describe patterns of BP end digit
recording in primary care EMR databases?

« Can we correlate End digit preference with
AOBP use?

e Can we correlate End digit preference with
cardiovascular outcomes?
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Data: CPCSSN and RCGP - EMR
databases

* Routinely collected data extracted from
EMRs of primary care providers

« Canada: Canadian Primary Care Sentinel
Surveillance Network (CPCSSN) database
— 700k Canadian patients
— 5.5 million BP records

« UK: Royal College of General Practice

Geographical distribution of the RCGP RSC practices

(RCGP) database . ‘: »
— 1.8 million patients S
— 19 million BP records | K :a_.»._: )

. Both databases undergo extensive data al At &
cleaning process (e.g. removing confidential - =l f@
information (names; address; telephone U oy Vo ®AF
numbers; free text details etc) and outlier g1
information. ¢
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UTOPIAN
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PRALTICE-BASED RESEARCH NETWORK

UTOPIAN
Toronto, Ontario, Canada

14 sites FAMILY MEDICINE TEACHING UNITS

~400 practices

~1400 faculty
members

~1M patients

Newmarket

Richmond Hill ~ Markham

@ @

Brampton

Mississauga

Oshawa

Whitby

Units associated with
fully-affiliated
teaching hospitals

Mount Sinai Hospital
St. Michael's Hospital

Sunnybrook Health
Sciences Centre

Toronto Western Hospital,
University Health Network

Women's College Hospital

Rural Program sites
Headwaters Health Care
Centre, Orangeville

Georgian Bay General
Hospital, Midland

Lakeridge Health Network,

Port Perry

Orillia Soldiers’ Memorial
Hospital, Orillia

Units associated with
community-affiliated
teaching hospitals

Credit Valley Hospital,
Trillium Health Partners,
Mississauga
Markham-Stouffville
Hospital, Markham
Mississauga Hospital,
Trillium Health Partners
North York General
Hospital, Toronto

Royal Victoria Regional
Health Centre, Barrie
Southlake Regional Health
Centre, Newmarket

St. Joseph's Health Centre,
Toronto

The Scarborough Hospital
Scarborough

Toronto East General
Hospital

UTOPIAN membership is open to all 14 DFCM teaching hospitals,
four rural and 38 teaching practice sites.
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Methods

 Repeated cross sectional design
e Canadian and UK data
o Parallel analyses (data does not cross borders)

* Proportion of End Digit Preference (EDP) per
family practice for each year

* Clustering of family practices by EDP per year
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Methods

o Survey of AOBP uptake in UTOPIAN practices
* Linkage of survey with measured BP

e Correlation between AOBP uptake and EDP
within practices

e Associations between EDP and cardiovascular
outcomes in UK
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Systolic and diastolic BPs in UK
and Canadian databases

e Canadian blood
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Systolic and diastolic BPs in UK
and Canadian databases

e Canadian blood
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Systolic and diastolic BPs in UK
and Canadian databases

e Canadian blood
pressures
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Frequency of recording end digit for Systolic BP in Canada and UK database

CPCSSN database RCGP database
o | 32.4% 36.5 %
3.6% 4.2 %
2 13.1% 0.7 %
N 3.8% 4.5 %
4 10.4% 8.8 %
s 7.2% 8.3%
6 9.3% 8.1%
3.9% 4.6 %
R 12.6% 10.6 %
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Frequency of recording end digit for Systolic BP in Canada and UK database

sBP end-digit
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CPCSSN database RCGP database
32.4% 36.5 %
3.6% 4.2 %
13.1% 9.7 %
3.8% 4.5 %
10.4% 8.8 %
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9.3% 8.1%
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oy Family & Community Medicine
' UNIVERSITY OF TORONTO




Estimates of sBP and dBP both ending in zero (%) by year (after adjusting for

patient/provider characteristics)

E
A
2003  §
2004 B
2005  F
ELL I 27.63 %
2631 %
25.22%
ELLER 2341 %
21.03 %
19.33 %
16.85 %
15.05 %
13.72 %
RN 13.67 %
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Estimates of sBP and dBP both ending in zero (%) by year (after adjusting for

patient/provider characteristics)

2005
2006
2007
2008

2010

2011
2012
2013
2014
7 2015
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Estimates of sBP and dBP both ending in zero (%) by year (after adjusting for

patient/provider characteristics)
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Estimates of sBP and dBP both ending in zero (%) by year (after adjusting for

patient/provider characteristics)
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Estimates of sBP and dBP both ending in zero (%) by year (after adjusting for

patient/provider characteristics)
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sBP/ dBP distribution over time

Distribution of systolic and diastolic blood pressure [ year = 2007 ]
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 End digit preference is decreasing over time In
UK and Canada

 Measurement of BP is becoming more precise
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EDP and clinical factors

o Patients living with hypertension and/or diabetes
were less likely to have a last digit zero than
those without these conditions,

— OR=0.91 for hypertension (95% CI: 0.90 -0.92; p-
value <0.001)

— OR=0.95 for diabetes (95% CI: 0.95 -0.96; p-value
<0.001).

o Patients prescribed blood pressure lowering
medications were less likely to have a last digit
of zero

P OR=0.97 (95% CI: 0.964-0.978; p-value <0£01 ).
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EDP and practice factors

* Practices with the fewest patients had less
EDP than practices with the most patients

— OR 0.79, (95% CI 0.64 to 0.99).
 There was a lot of regional variation

Percentage of odd sBP measurements for 13 CPCSSN network

1 2 3 4 5 6 7 8 9 10 11 12 13
Network ID

N 2
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EDP and practice factors

* Practices with the fewest patients had less
EDP than practices with the most patients

— OR 0.79, (95% CI 0.64 to 0.99).
 There was a lot of regional variation

Percentage of odd sBP measurements for 13 CPCSSN network
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End-digit preference and mean systolic BP

Hypertension Diabetes
Canada: 8.1 mm Hg less (95% CI: -10.4,-5.8)in Canada: 6.6 mm Hg less (95% CI: -10.1,-3.1) without DM, 5.6
normotensive, 4.8 less (95% CI: -7.6,-2.0) in hypertensive less (95% CI: -8.2,-3.1) in those with diabetes
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o A greater rate of end digit preference is

associated with lower mean blood pressure
measurement

 BPs are not just rounded
e They are rounded down
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Ratios of sBP and dBP odd/even last
digit, ranked practices in 2015

Concordance and Discordance of Terminal digit preference
2015 CPCSSN-UTOPIAN data from 271 physicians
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Ratios of sBP and dBP odd/even last
digit, ranked practices in 2015

Concordance and Discordance of Terminal digit preference
2015 CPCSSN-UTOPIAN data from 271 physicians
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Ratios of sBP and dBP odd/even last
digit, ranked practices in 2015

Concordance and Discordance of Terminal digit preference
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Can practices be categorized in terms of their
end digit preferences?

 We used cluster analysis to classify primary care providers in
three groups for each year:

(1) Those with strong end digit preference;
(2) Those with some end digit preference;
(3) Those with potentially no end digit preference.

 We used the adjusted probabilities of rare end-digits {1,3,7,9}
for sBP and dBP. Adjustments were made for
patient/provider/geographical characteristics

 We implemented the unsupervised machine learning
algorithm of k-nearest neighbor across all primary care
providers to find the optimal decision boundary to classify
family providers into three groups.
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Cluster analysis of End Digit
Preference

Group

Potentially no EDP Some EDP Strong EDP

- nMnMnM
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2007___“ 81.8%
Ll . | . | o2 | 219w | 75 | 784%
i . | . | 28 | 200% | 106 | 79.4%
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Cluster analysis of End Digit
Preference

Group

Potentially no EDP Some EDP

year
nMn Percent
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Cluster analysis of End Digit
Preference
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Cluster analysis of End Digit
Preference
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Cluster analysis
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 There are practices that tend to have
systematically more end digit preference

* This decreased over time; more practices
became “end digit neutral”
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Impact of adoption of AOBP
machine on end digit preference
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 There appears to be some reduction in end digit
preference after an AOBP machine is bought by
a practice
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Assessing prevalence of CVD events

 We assessed the prevalence of cardiovascular
events (angina, Ml, stroke) among the RCGP
cohort for no EDP and strong EDP group.

 We defined prevalence using the following
numerator and denominator:

— Denominator: Total number of patients who had BP
recorded within the index year

— Numerator: Total number of patient who had CVD

event within the index year (or earlier) and also had
BP recorded within the index year

/N -
o

iy ¥ Family & Community Medicine
UT@RIAN @ UNIVERSITY OF TORONTO




Prevalence of angina among practices with
strong EDP vs. No EDP (UK data)

Angina patients
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Prevalence of angina among practices with
strong EDP vs. No EDP (UK data)
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Prevalence of angina among practices with
strong EDP vs. No EDP (UK data)

Angina patients
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Prevalence of Ml among practices with strong
EDP vs. No EDP (UK data)

Acute Myocardial Infarction patients
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Prevalence of stroke or TIA among
practices with strong vs no EDP (UK)

Ischaemic Stroke and TIA patients
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Standardized morbidity ratio for
Strong EDP vs No EDP

_ Estimate 95% Confidence Limits

Standardized morbidity ratio 2 2 1.22

There appears to be an association
between greater rates of EDP and higher
prevalence of cardiovascular outcomes
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Implications of end-digit preference

* Rounding to nearest 5 or 10 contributes towards the biased estimation of
mean sBP for various statistical methods (e.g. hypothesis testing;
regression modelling).

» This type of data reporting error is known as “heaped” data.

» Advanced statistical methods are required to adjust for the underlying
heaping behavior.

* e.g. Bayesian heaping models proposed by Rubin and Heitjan:

Wang, Hao, and Daniel F. Heitjan. "Modeling heaping in self-reported
cigarette counts." Statistics in medicine 27.19 (2008): 3789-3804.
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Potential area(s) of future
research

How much effect do anti-hypertensive medications have on lowering the blood pressure among hypertensive
patients?

e Challenges:

— Working with observational data [association does not imply causation]
— Heaped distributions for systolic and diastolic blood pressure

e Strengths:

— Very large data size (e.g. cohort contains more than 1.5 million patient in CA + 3 million in UK)
— Routine data in primary care; generalizable to real-life scenario

» Potential solution:

— combine propensity score modelling with heaped modelling under Bayesian framework
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Propensity score modelling

Two stages

Risk factors
(potential confounders)
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Heaping models
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Fic. 1. Muzture model schematic for reported counts. Each subject chooses thewr true
count x from the distribution f(x|¢p), then reports the possibly different count y drawn
from the distribution g(y|z,@).

Crawford, Forrest W., Robert E. Weiss, and Marc A. Suchard. "Sex, lies and
self-reported counts: Bayesian mixture models for heaping in longitudinal
count data via birth-death processes." The annals of applied statistics 9.2
(2015): 572.
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Heaping model
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Wang, Hao, and Daniel F. Heitjan. "Modeling heaping in self-reported
cigarette counts." Statistics in medicine 27.19 (2008): 3789-3804.
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Conclusions

 More EDP (likely greater use of Manual BP
measurement) in practices appears to be
associated with rounding down of blood
pressures
— This may be associated with systematic
underestimation and undertreatment of elevated BP
 More EDP appears to be associated with greater
prevalence of cardiovascular iliness
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e Does Inaccurate measurement lead to
Inaccurate management of BP?

e Should we stop using Manual BP
measurement?
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 What other studies could be done using data
across borders?

e What other US — Canada — UK research
collaborations should we think about
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International comparisons using
care, outcome (and other) data

Possible areas of Collaboration
e Analyses in parallel
e Testing ideas from US using Canadian data and

vice versa
e Joint data centres in future? PR A 9. N
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Transatlantic Data Science Workshop

National Institutes of Health
Bethesda, Maryland

March 1-2, 2016

— i F : ..
-I- 3 Family & Community Medicine
A @UNIVERSITY OF TORONTO



Thank you

e Questions

7NN\ &

— 2 | Family & Community Medicine
UTUP'AN & UNIVERSITY OF TORONTO




