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EXECUTIVE SUMMARY

Background

This report is a follow-up to the 2006 Manitoba Centre for Health Policy (MCHP) report
entitled Defining and Validating Chronic Diseases: An Administrative Data Approach
(Lix et al., 2006). In that report, six conditions were investigated to assess the validity of
administrative data for ascertaining cases of chronic disease. Case ascertainment was
conducted using hospital separations and physician claims data coded in the 9™ revision
of the International Classification of Diseases (i.e., ICD-9-CM), in addition to
prescription drug data.

Beginning in the 2004/05 fiscal year, hospital separation abstracts for Manitoba are coded
using the 10" revision, Canadian modification of the ICD system (i.e., ICD-10-CA). In
this report, the case ascertainment methods from the 2006 report were updated to include
the relevant ICD-10-CA codes for identifying cases of arthritis (including both
rheumatoid arthritis and osteoarthritis), asthma, coronary heart disease, diabetes,
hypertension, and stroke. As well, one new chronic health condition was considered:
irritable bowel syndrome (IBS). IBS is a common gastrointestinal condition that affects
an estimated 14% to 24% of the population and is characterized by abdominal pain,
bloating, and disturbed defecation. It is increasingly being recognized as a condition that
places a significant burden on the health system and affects the productivity and quality
of life of affected individuals.

Methods

The methodology adopted in the current report mirrors the methodology adopted in the
2006 report. Data sources for the research are hospital separations, physician billing
claims, and prescription drug records in the Research Data Repository housed at MCHP.
Diagnostic codes in hospital data are from ICD-9-CM and ICD-10-CA and diagnostic
codes in physician data are from ICD-9-CM. Medication codes in prescription drug data
are from the Anatomic Therapeutic Chemical (ATC) coding system maintained by the
World Health Organization (WHO) Collaborating Centre for Drug Statistics
Methodology.

Chronic disease case ascertainment algorithms were validated using self-report chronic
disease data from cycle 3.1 of the Canadian Community Health Survey (CCHS). The
survey data were linked to administrative data using the personal health identification
number (PHIN). The CCHS validation cohort included 5,099 adults 19 years of age and
older and 701 youth 12 to 18 years of age. Validation indices are the kappa ( ) statistic,
sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV),
and Youden’s (1950) index, which is a summary measure of sensitivity and specificity.

Chronic disease prevalence estimates were generated for each algorithm. These
prevalence estimates are computed for the Manitoba population using data from 2001/02
to 2005/06. Venn diagrams are used to assess the unique and shared contribution of
different administrative data sources for ascertaining cases of chronic disease.



Key Findings

The findings are very similar to those summarized in the 2006 report. That is,
administrative data exhibited very good to excellent validity for identifying cases of
asthma, diabetes, and hypertension. Administrative data exhibited fair to good validity for
identifying cases of arthritis, osteoarthritis, non-fatal heart disease, and non-fatal stroke.
Administrative data exhibited poor validity for identifying cases of irritable bowel
syndrome and rheumatoid arthritis. For irritable bowel syndrome, this latter finding is
likely due to the nature of the disease, which has no single biological marker and is
instead diagnosed using a variety of symptom-based criteria. For rheumatoid arthritis, the
finding of poor validity is likely due to bias in the validation data source.

Arthritis

Sixteen algorithms were investigated for all forms of arthritis, rheumatoid arthritis, and
osteoarthritis. For all forms of arthritis, agreement between survey and administrative
data, as measured by x, was highest (0.38) for the two-year algorithm based on one or
more hospital separations or two or more physician billing claims or two or more
prescription drug records in combination with one or more physician billing claims.
Youden’s index was highest (0.44) for two of the five-year algorithms. The first
algorithm was based on two or more physician billing claims and the second algorithm
was based on one or more hospital separations or two or more physician billing claims or
two or more prescription drug records in combination with one or more physician billing
claims. These results are virtually identical to those obtained in the 2006 report.

For rheumatoid arthritis, x (0.21) and Youden’s index (0.14) were highest for the five-
year algorithm based on one or more physician billing claims. The five-year algorithm
based on two or more physician billing claims also had a Youden’s index of 0.14. These
results are consistent with those in the 2006 report.

For osteoarthritis, x (0.35) was highest for the five-year algorithm based on one or more
physician billing claims. Youden’s index was highest (0.42) for several algorithms based
on three or five years of data. These results are also consistent with those in the 2006
report.

Asthma

Twenty-eight algorithms were considered and evaluated for the CCHS validation cohort
that was 12+ years of age. The algorithm with the highest value of x (0.56) was based on
one or more hospital separations or two or more physician billing claims or two or more
prescription drug records in three years. The algorithm with the highest value of
Youden’s index (0.72) was based on one or more hospital separations or one or more
physician billing claims or one or more prescription drug records in five years. These
results are consistent with those in the 2006 report.

Coronary Heart Disease



Twenty-eight algorithms were investigated. The algorithm with the highest value of x
(0.50) was based on one or more hospital separations or two or more physician billing
claims or two or more prescription drug records in combination with one or more
physician billing claims in five years. The algorithm with the highest value of Youden’s
index (0.64) was based on one or more hospital separations or one or more physician
billing claims or one or more prescription drug records in five years. These results are
somewhat different from the 2006 report, where a three-year algorithm resulted in the
highest estimate of x and the estimated agreement was also slightly higher (i.e., x =
0.55).

Diabetes

Thirty-two algorithms were investigated. The algorithm with the highest value of x
(0.87) was based on one or more hospital separations or two or more physician billing
claims or one or more prescription drug records in both one and two years. The algorithm
with the highest value of Youden’s index (0.92) occurred for two algorithms. The first
was based on one or more hospital separations or one or more physician billing claims or
one or more prescription drug records in five years and the second was based on one or
more hospital separations or one or more physician billing claims or two or more
prescription drug records in five years. However, several other algorithms produced
equally high values for this index, including algorithms based on all three data sources in
two or three years of data. This is consistent with the results in the 2006 report.

Hypertension

Twenty-eight algorithms were considered. The highest agreement between administrative
and survey data (0.70) and Youden’s index (0.71) was observed for the one-year
algorithm based on one or more hospital separations or one or more physician billing
claims or one or more prescription drug records. However, two other algorithms resulted
in similar estimates. Again, other algorithms produced similar numeric values for the
validation indices. These results are consistent with those in the 2006 report.

Stroke

A total of 24 algorithms were considered. The algorithm with the highest x (0.46) was
based on one or more hospital separations or two or more physician billing claims or two
or more prescription drug records in combination with one or more physician billing
claims in three years. The algorithm with the highest Youden’s index (0.62) was based on
one or more hospital separations or one or more physician billing claims or one or more
prescription records in five years. These results are consistent with those in the 2006
report.

Irritable Bowel Syndrome

Twenty algorithms were investigated. The algorithm with the highest value of x (0.24)
was based on one or more hospital separations or two or more physician billing claims in
five years. The algorithm with the highest value of Youden’s index (0.29) was based on
one or more hospital separations or one or more physician billing claims in five years.



Conclusions and Recommendations

The validation results contained in this report can be used to select one or more
algorithms to generate chronic disease prevalence estimates for the Manitoba population.
Depending on the goals of future reports, chronic disease algorithms can be selected
based on high agreement between survey and administrative data, high sensitivity to
detect positive chronic disease cases, high specificity to avoid detecting false positive
cases, or the maximum combination of sensitivity and specificity. This research can be
conducted using multiple years of Manitoba’s administrative data because it identifies
relevant diagnostic codes in both the ICD-9-CM and ICD-10-CA systems.



Chapter 1: Introduction

Administrative data are being used in an increasing number of studies about chronic
disease. These data are used to monitor demographic, socioeconomic, and temporal
variations in prevalence and incidence of chronic disease, to detect geographic clusters of
disease cases that may facilitate the study of environmental causes of disease, and to
conduct comparative studies of health service use and costs for chronic disease cases and
healthy controls. The popularity of administrative data stems from the fact that these data
are relatively easy to access and process, can be used to monitor a variety of diseases, and
can provide both cross-sectional and longitudinal information about chronic diseases.

Methods to ascertain chronic disease cases in administrative data are continually being
refined as new administrative data sources are added to provincial data repositories, new
validation sources are identified, and new methodologies for evaluating data quality and
validity are developed. In Manitoba, one significant change to administrative data
holdings was the adoption of the ICD-10-CA coding system in hospital separation
abstracts in the 2004/05 fiscal year. ICD-10 was endorsed by the Forty-third World
Health Assembly in May 1990 and came into use in World Health Organization (WHO)
member states beginning in 1994. The WHO is the official publisher of ICD-10.

The Canadian Institutes of Health Information (CIHI) received permission from the
WHO to enhance the classification system to meet Canadian needs. CIHI established the
National ICD-10 Modification Advisory Task Force in August 1998 to recommend initial
enhancements, if necessary, to ICD-10 for use in Canada. There was significant interest
from several provinces to produce enhancements to ICD-10 prior to implementation. As a
result, CIHI proceeded with developing a Canadian version of ICD-10. This type of
enhancement work has occurred in several other countries (e.g., Australia), so that now
there are multiple enhanced versions of ICD-10 in existence.

ICD-10 represents the broadest scope of any ICD version to date. ICD-9 has 6,969 codes
while there are 12,420 codes in ICD-10. Unlike ICD-9, ICD-10-CA applies beyond acute
hospital care. It also includes conditions and situations that are not just diseases but
represent risk factors to health, such as occupational and environmental factors, lifestyle
factors, and psycho-social circumstances.

Purpose and Objectives

The purpose of this report is to examine the validity of administrative data for monitoring
the prevalence of chronic disease in Manitoba. Specific objectives are:

(1) Report relevant ICD-10-CA codes for ascertaining cases of chronic disease in
administrative health data;

(2) Evaluate the validity of multiple algorithms for identifying disease cases from
Manitoba administrative data.



Funding to conduct this research was provided by the Lupina Foundation. The Lupina
Foundation is a private, Canadian charitable foundation established in April 2000 that is
committed to research and innovation related to health and societal issues. In 2005, the
Lupina Foundation established the Concept Dictionary Fund to support the development
of MCHP’s web-based documentation in five key areas: (a) the transition from ICD-9-
CM to ICD-10-CA, (b) social determinants of health, (c) costing methodologies, (d)
pharmaceutical data concepts, and (e) knowledge translation/research dissemination.

This report is being provided to you in hard copy for initial review. Its contents will be
placed online in MCHP’s web-based Concept Dictionary after this review is completed.
The Concept Dictionary can be accessed at the following URL:
http://umanitoba.ca/faculties/medicine/units/mchp/



http://umanitoba.ca/faculties/medicine/units/mchp/

CHAPTER 2: METHODS

This chapter describes the methods used to identify chronic disease cases from
administrative data. Much of the information is extracted from the 2006 report by Lix et
al.

Sources of Administrative Data to Define Chronic Disease
Algorithms

Administrative data used to define the chronic disease algorithms were obtained from the
Population Health Research Data Repository housed at MCHP. Data was collected for
the five year period ending March 31, 2006 for algorithm validation and prevalence
estimation. The three sources of administrative data for this study were: hospital
separation abstracts, physician billing claims, and prescription drug records.

Hospital abstracts are completed at the point of discharge from acute care facilities in
Manitoba. They include diagnosis codes based on the International Classification of
Diseases, oth Revision, Clinical Modification (ICD-9-CM) until March 31, 2004. As of
April 1, 2004 hospital abstracts moved to the International Classification of Diseases, 10"
revision with Canadian Enhancements (ICD-10-CA). Only inpatient separations were
used to define the algorithms.

Manitoba physicians who are paid on a fee-for-service basis submit billing claims to
Manitoba Health. These claims contain a single ICD-9-CM diagnostic code. A small
proportion of physicians are salaried, but most submit parallel billing claims for
administrative purposes. Therefore, almost all contacts with Manitoba physicians are
captured in the Repository.

The third source of data for defining chronic disease algorithms are prescription drug
records from the Drug Programs Information Network (DPIN) database, an electronic,
on-line, point-of-sale prescription drug database connecting all retail pharmacies in
Manitoba. This database captures information about prescription drug dispensations for
all Manitoba residents, regardless of insurance coverage or final payer.



Table 2-1 summarizes the ICD-9-CM codes that were selected to define the chronic
diseases from physician billing claims and both the ICD-9-CM and ICD-10-CA codes
that were selected to define the chronic diseases from hospital separations. The ICD-10-
CA codes were selected after a thorough review of the literature on chronic disease case

ascertainment methods.

Table 2-1: Diagnosis codes used to define chronic diseases with administrative data

Disease ICD-9-CM Diagnosis ICD-10-CA Diagnosis
Codes Codes

Arthritis 714: rheumatoid arthritis MO5-MO06: rheumatoid
715: osteoarthritis arthritis
446, 710: connective tissue | M15-M19: osteoarthritis
disorders (446 = MQ7, M10, M11-M14, M30-
Polyarteritis nodosa and M36: other inflammatory
allied conditions; 710 = and connective tissue
Diffuse diseases of diseases
connective tissue) MO00-MO03, M20-M25, M65-
720: ankylosing spondylitis | M79: Other arthritis and
274: gout rheumatic conditions
711-713, 716-719, 721,
725-729, 739: other arthritis
and related conditions

Asthma 493: asthma J45:; asthma

J46: status asthmaticus

Coronary Heart Disease
(CHD)

410 — 414: ischemic heart
disease

120 — 125: ischaemic heart
diseases

Diabetes

250: diabetes mellitus

E10 — E14: diabetes
mellitus

Hypertension

401: essential hypertension

110-114: essential (primary)
hypertension

Stroke

430 — 438: cerebrovascular
disease

160 — 169: cerebrovascular
disease

Irritable Bowel Syndrome
(IBS)

564: functional digestive

disorders not elsewhere

classified (564.1: irritable
bowel syndrome)

K58: irritable bowel
syndrome

Assessment of Potential Diagnostic Drift in Chronic Disease

ICD-10-CA Codes

The quality of ICD-10 coding has been investigated in a number of recent studies (see
e.g., Henderson, Shepheard, & Sundararajan, 2006). One issue is that of diagnostic drift,
instability in coding practices over time (Crow et al., 2005), which can result in bias in
the ascertainment of specific types of health conditions (Terris, Litaker, & Koroukian,
2006). While diagnostic drift is most likely to occur over long time periods as a result of
changes in diagnostic criteria, there is also some concern that it may arise after the
introduction of a new coding system, particularly between the first and subsequent years,
as coders gain familiarity with the components of the classification system.

10




We examined the relative frequency of diagnostic codes for ascertaining chronic disease
cases between the first and second years after the introduction of ICD-10-CA in hospital

separation abstracts in Manitoba. The frequency of each diagnostic code is presented in
Table 2-2.

There appears to be little evidence of diagnostic drift between the first and second years
after the introduction of ICD-10-CA (Table 2-2). The possible exception is for
osteoarthritis codes M 17 (arthrosis of knee) which exhibited a large relative increase in
frequency, and M 19 (other arthrosis), which exhibited a large relative decrease in
frequency. This apparent change in coding practices might warrant further investigation
via a validation study using trained coders to re-evaluate coding quality (Henderson et al.,
2006).

11



Table 2-2: Frequency of diagnostic codes

2004/05 2005/06
Diagnosis Frequency Percent Frequency Percent
Rheumatoid Arthritis MO5 22 4.2 19 3.5
MO06 503 95.8 517 96.5
Total 525 100.0 536 100.0
Osteoarthritis M15 284 8.2 283 6.5
M16 880 25.4 1,157 26.6
M17 1,400 40.4 1,990 45.8
M18 25 0.7 9 0.2
M19 879 25.3 906 20.9
Total 3,468 100.0 4,345 100.0
Asthma J43 144 1.9 113 14
J44 5,990 77.9 6,198 78.8
J45 1,558 20.3 1,558 19.8
J46 0 0.0 0 0.0
Total 7,692 100.0 7,869 100.0
CHD 120 1,982 17.2 1,878 17.3
121 3,092 26.9 2,882 26.6
122 54 0.5 38 0.4
124 83 0.7 75 0.7
125 6,287 54.7 5,977 55.1
Total 11,498 100.0 10,850 100.0
Diabetes E10 1,122 8.0 995 7.2
E1l1 11,914 85.5 12,086 87.2
E13 110 0.8 93 0.7
El4 795 5.7 692 5.0
Total 13,941 100.0 13,866 100.0
Hypertension 110 11,406 89.6 13,892 87.5
111 147 1.2 228 14
112 1,076 8.5 1,581 10.0
113 64 0.5 165 1.0
115 32 0.3 19 0.1
Total 12,725 100.0 15,885 100.0
Stroke 160 129 3.6 117 3.4
161 224 6.2 221 6.5
162 198 5.5 141 4.1
163 747 20.6 791 23.3
164 1,003 27.6 944 27.8
165 275 7.6 310 9.1
166 36 1.0 27 0.8
167 319 8.8 272 8.0
168 4 0.1 1 0.0
169 694 19.1 577 17.0
Total 3,629 100.0 3,401 100.0

12



Validating Chronic Disease Algorithms

Validation Data Source

Data from the Canadian Community Health Survey (CCHS), cycle 3.1, collected from
January 2005 to January 2006 were used to evaluate the agreement (x), sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) for each
of the chronic disease algorithms selected for investigation. The CCHS was conducted
by Statistics Canada to provide regular and timely cross-sectional estimates of health
determinants, health status and health system utilization for health regions in Canada.

The CCHS covered 98 per cent of their target population of individuals 12 years of age
and older. Sample sizes were chosen to produce reliable estimates at the health region
level. The CCHS sample size for the province of Manitoba was 7,004.

Manitoba CCHS cycle 3.1 data were linked to the administrative data in the Data
Repository housed at MCHP via a unique, anonymized personal health identification
number (PHIN) for individuals who consented to the linkage. The linkage was achieved
for 6,232 respondents 12 years of age and older. From this sub-sample, the cohort of
survey respondents with at least five years of continuous coverage under the Manitoba
Health Services Insurance Plan prior to the date of their CCHS interview was created.
This cohort consisted of 5,099 adults 19+ years of age and 701 youth 12 to 18 years of
age. For all diseases, the validation cohort was limited to individuals with five years of
coverage because all chronic disease algorithms were based on as many as five years of
administrative data. Only the adult cohort (ie., 19 years of age and older) was used to
validate chronic disease algorithms for arthritis, coronary heart disease (CHD), diabetes,
hypertension, stroke and irritable bowel syndrome (IBS). For asthma, the algorithms were
validated using both the adult and youth cohorts (i.e., 12 to 19 years).

Chronic disease algorithms were defined using one, two, three, or five years of
administrative data. The years of administrative data that were searched to determine
whether a survey respondent could be classified as a disease case were based on the date
of the interview. For example, if an individual was interviewed on October 31, 2005 then
a one-year algorithm was defined using data from November 1, 2004 to October 31,
2005.

Validation Questions

The CCHS questions used to identify survey respondents with each of the investigated
chronic diseases are listed in Table 2-3. Respondents were asked to report chronic
diseases according to the following directions:

Now 1'd like to ask about certain chronic health conditions which you may have. We are
interested in ‘long-term conditions’ which are expected to last or have already lasted 6

months or more and that have been diagnosed by a health professional.

These directions were repeated to survey respondents throughout their completion of the
set of questions about chronic diseases.
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Table 2-3: CCHS questions used to identify survey respondentswith chronic diseases

Disease Relevant CCHS Question(s)

Arthritis Do you have arthritis or rheumatism, excluding
fibromyalgia?
What kind of arthritis do you have?

Asthma Do you have asthma?

Diabetes Do you have diabetes?

Hypertension Do you have high blood pressure?
Coronary Heart Disease Do you have heart disease?

Stroke Do you suffer from the effects of a stroke?

Irritable Bowel Syndrome Do you suffer from a bowel disorder such as Crohn’s
Disease, ulcerative colitis, Irritable Bowel Syndrome or
bowel incontinence?

What kind of bowel disease do you have?

The CCHS was selected as the validation source in this study because next to
administrative data, it is the only source for obtaining population-based chronic disease
prevalence estimates in Manitoba. As well, the sample size for Manitoba in cycle 3.1 of
the CCHS was large enough to ensure sufficient numbers of positive disease cases even
for relatively rare conditions. For details on the validity of using survey data to identify
disease cases please refer to Lix et al. (2006).

It is important to note, however, that self-reported data may not be an unbiased gold
standard. Under-reporting or over-reporting of some chronic diseases in surveys may
occur because respondents are not aware of all the diagnoses reported in a patient chart,
or because of the lack of correspondent between the lay language used in surveys and the
clinical terminology used to record diagnoses in the medical chart. Accurate reporting is
more likely to occur for conditions that result in frequent contacts with a health
professional.

Validation Methods

The following description of the validation indices has been extracted from the report by
Lix et al (2006), who use the same validation indices as this study.

Six indices were used to evaluate the validity of chronic disease algorithms. The first
was the kappa statistic (x), a measure of agreement between two sources, each of
which is measured on a binary scale (ie., disease present/absent). The interpretation of
k used in this report is (Altman, 1991):

Poor agreement: x < 0.20

Fair agreement: x = 0.20 to 0.39

Moderate agreement: x = 0.40 to 0.59

Good agreement: k = 0.60 to 0.79

Very good agreement: x = 0.80 to 1.00
Ninety-five percent confidence intervals (ClIs) were calculated for x. These intervals are
calculated using the square-root of the asymptotic variable and a critical value from the
standard normal distribution.
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Sensitivity and specificity were calculated for each chronic disease algorithm. Sensitivity
was defined as the percentage of true positive cases an algorithm detects among all
positive disease cases. Positive disease cases are survey respondents in the CCHS
validation cohort who reported having the specified disease. Specificity was defined as
the percentage of true negative cases an algorithm detects among all the negative disease
cases. Negative disease cases are survey respondents in the CCHS validation cohort who
did not report having the specified disease. For both sensitivity and specificity, 95% Cls
were calculated. These confidence intervals are based on the asymptotic standard error
and a critical value from the standard normal distribution.

Positive predictive values (PPVs) and negative predictive values (NPVs) are also
reported for each chronic disease algorithm. PPV refers to the percentage of individuals
with a positive result for an algorithm among those who reported having the disease.
NPV refers to the percentage of individuals with a negative result for an algorithm who
did not report having the disease. Ninety-five percent ClIs were also calculated for PPV
and NPV, and were based on the asymptotic standard error and a critical value from the
standard normal distribution.

Youden’s (1950) index, which combined information on sensitivity and specificity, was
computed for each algorithm. The index is defined as sensitivity + specificity — 1, where
sensitivity and specificity are calculated as proportions. Youden’s index has minimum
and maximum values of -1 and +1, respectively, with a value of +1 representing the
optimal value for an algorithm.

Calculating Provincial Estimates

The population registry in the Research Data Repository was used to define population
cohorts to derive numerator and denominator data for calculating crude provincial
prevalence estimates for each algorithm. Provincial prevalence estimates were calculated
for the population 19 years of age and older for all chronic diseases except asthma, whose
prevalence estimates were calculated for the population 12 years of age and older.

Cross-sectional provincial prevalence estimates were calculated to facilitate comparisons
among the chronic disease algorithms at a single point in time. Table 2-4 lists the years
that were used to calculate estimates based on algorithms defined for one-, two-, three-,
and five-years of administrative data. For example, all estimates based on one year of
data were defined for the Manitoba population continuously registered with the Manitoba
Health Services Insurance Plan for the period April 1, 2005 to March 31, 2006.

Table 2-4: Time periods used to define provincial chronic disease prevalence estimates

# Years Time Period
1 April 1, 2005 to March 31, 2006
2 April 1, 2004 to March 31, 2006
3 April 1, 2003 to March 31, 2006
5 April 1, 2001 to March 31, 2006
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Venn diagrams were used to describe chronic disease case counts (i.e., the numerator data
for provincial prevalence estimates) for each algorithm. These diagrams compare the
number and per cent of disease cases obtained from each of the three sources of
administrative data. This information is important for assessing potential biases in

chronic disease prevalence estimates if one or more administrative data sources are not
available for defining an algorithm. A Venn diagram depicts both the unique and shared
number of disease cases from each source.
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CHAPTER 3: ARTHRITIS

Description of Arthritis Algorithms

Table 3-1 lists the 16 algorithms that were investigated for all forms of arthritis,
rheumatoid arthritis (RA), and osteoarthritis (OA) in this study. The arthritis algorithms
were based on as many as five years of administrative data. Two of the four algorithms
in each time period were based only on physician billing claims, one algorithm was based
on a combination of physician billing claims and hospital separations and the remaining
algorithm was based on a combination of all three administrative data sources. For
example, algorithm #1 identified individuals as arthritis cases if they had one or more
physician billing claims with an arthritis diagnosis code in a one-year period. It is
important to note that none of the arthritis algorithms rely solely on prescription drug data
for identification of arthritis cases.

Table 3-1: Arthritisalgorithms selected for validation

# Years Algorithm Hospital Physician Physician Claims
Separations Claims and
or or Prescription Drug Records

1 1 1 or more

2 2 or more

3 1 or more 2 or more

4 1 or more 2 or more 1 and 2 or more
2 5 1 or more

6 2 or more

7 1 or more 2 or more

8 1 or more 2 or more 1 and 2 or more
3 9 1 or more

10 2 or more

11 1 or more 2 or more

12 1 or more 2 or more 1 and 2 or more
5 13 1 or more

14 2 or more

15 1 or more 2 or more

16 1 or more 2 or more 1 and 2 or more

Validation Results

Table 3-2 contains point estimates for the six validation indices for each of the 16
algorithms that were investigated for all forms of arthritis. The 95% CIs for the estimates
are reported in Appendix Table A.1.

There was fair agreement between the administrative and survey data, with x ranging
from 0.28 to 0.38. The highest value was for the two-year algorithm based on one or
more hospital separations or two or more physician billing claims or two or more
prescriptions drug records in combination with one or more physician billing claims (i.e.,
algorithm #8). There was very little within-algorithm variation (0.2), in the values of x
for three of the two-, three-, and five-year algorithms.

17



Sensitivity was the highest (78.2%) for the five-year algorithm based on one or more
physician billing claims (i.e., algorithm #13). There is a substantial advantage that can be
gained from using multiple years of administrative data to obtain a sensitive algorithm.
For example, a one unit increase in number of years caused sensitivity to increase by a
minimum of 9.3% for each algorithm.

Specificity ranged from 61.5% to 95.4%. The most specific algorithms were those based
on two or more physician billing claims (i.e., algorithms #2, #6, #10, and #14). However,
there was a minimal difference in specificity for the algorithms based on one or more
hospital separations or two or more physician billing claims (i. e., algorithms #3, #7, #11,
and #15). For example, the one-year algorithm based on two or more physician billing
claims (i.e., algorithm #6) had a specificity of 90.4% while the algorithm based on one or
more hospital separations or two or more physician billing claims (i.e., algorithm #7) had
a specificity of 90.3%. The decrease in specificity from using multiple years of
administrative data is less, in absolute terms, than the increase in sensitivity as
represented by an increasing Youden’s index.

For all forms of arthritis, Youden’s index ranged from 0.22 to 0.44, with the highest
values being observed for the five-year algorithms. Youden’s index varied by less than
0.04 between the four, five-year algorithms, with two of these algorithms having a value
of 0.44.

The PPV of an arthritis diagnosis ranged from 35.5% to 61.5%. The highest value was
observed for the one-year algorithm based on one or more hospital separations or two or
more physician billing claims or two or more prescription drug records in combination
with one or more physician billing claims (i.e., algorithm #4). There was little variation in
PPV for all one-year algorithms excluding the algorithm based on one or more physician
billing claims (ie., algorithm #1). The NPV had less than a 10% variation among all
algorithms, with the highest value (91.2%) being observed for the five-year algorithm
based on one or more physician billing claims (i.e., algorithm #13).
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Table 3-2: Estimates of agreement, sensitivity, specificity, and predictive valuefor all forms of

arthritisalgorithms

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+P 0.32 43.1 87.6 0.31 48.5 85.1
2 2+P 0.28 26.7 95.4 0.22 61.2 82.8

3 1+Hor2+P 0.28 27.2 954 0.23 61.3 82.9

4 1+Hor2+Por (1P &2+Rx) 0.34 34.2 94.2 0.28 61.5 84.1

2 5 1+P 0.33 58.8 79.0 0.38 43.1 87.6
6 2+P 0.35 416 90.4 0.32 54.1 85.1

7 1+Hor2+P 0.35 418 90.3 0.32 54.0 85.1

8 1+Hor2+Por (1P &2+Rx) 0.38 48.7 88.0 0.37 52.4 86.4

3 9 1+P 31.0 68.1 713 0.39 39.1 89.2
10 2+P 36.9 518 85.7 0.38 49.5 86.8

11 1+Hor2+P 36.8 51.9 85.6 0.37 49.4 86.8

12 1+Hor2+Por (1P &2+Rx) 36.4 58.6 81.4 0.40 46.1 87.9

5 13 1+P 0.28 78.2 61.5 0.40 35.5 91.2
14 2+P 0.37 66.6 76.9 0.44 43.9 89.5

15 1+Hor2+P 0.36 66.7 76.7 0.43 43.7 89.5

16 1+Hor2+Por (1P & 2+ RX) 0.35 717 72.3 0.44 41.2 90.4

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive

Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are

reported in Appendix A.

Table 3-3 contains the validation indices for the algorithms investigated for RA. There

was poor to fair agreement between administrative and survey data with k ranging from
0.16 to 0.21. The highest value occurred for the five-year algorithm based on one or more
physician billing claims (i.e., algorithm #13). The remaining five-year algorithms had a
slightly lower x of 0.20.

Sensitivity ranged from 9.6% to 14.4% with the highest value being observed for two,
five-year algorithms. The first algorithm was based on one or more physician billing
claims and the second algorithm on two or more physician billing claims (i.e., algorithms

#13 and #14). Specificity was constantly high, with a minimum value of 99.3%.

Youden’s index ranged from 0.10 to 0.14. All four of the five-year algorithms had a
Youden’s index of 0.13 or 0.14.

The PPV of a RA diagnosis ranged from 49.7% to 81.4%. The highest value was

observed for the one-year algorithm based on one or more hospital separations or two or
more physician billing claims (i.e., algorithm #3). However, the PPV for the one-year

algorithm based on two or more physician billing claims was only slightly lower. There
was almost no variation in NPV, with all 16 algorithms taking on a value of
approximately 96%.
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Table 3-3: Estimates of agreement, sensitivity, specificity, and predictive values for rheumatoid
arthritisalgorithms

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+ P 0.17 10.6 99.8 0.10 70.0 96.0
2 2+ P 0.16 9.6 99.9 0.10 81.1 95.9

3 1+Hor2+P 0.17 9.9 99.9 0.10 814 95.9

4 1+ Hor 2+ P or (1 P & 2+ Rx) 0.17 10.1 99.9 0.10 78.7 95.9

2 5 1+ P 0.18 11.2 99.6 0.11 57.7 96.0
6 2+ P 0.17 10.2 99.8 0.10 69.2 95.9

7 1+Hor2+P 0.17 10.2 99.8 0.10 69.2 95.9

8 1+ Hor 2+ P or (1 P & 2+ Rx) 0.17 10.4 99.8 0.10 66.5 95.9

3 9 1+ P 0.19 12.4 99.6 0.12 57.6 96.0
10 2+P 0.17 10.6 99.8 0.10 69.3 95.9

11 1+Hor2+P 0.17 10.6 99.8 0.10 69.3 95.9

12 1+Hor2+Por (1P &2+ Rx) 0.18 11.3 99.7 0.11 67.7 96.0

5 13 1+P 0.21 14.4 99.3 0.14 49.7 96.1
14 2+P 0.20 14.4 99.3 0.14 49.7 96.1

15 1+Hor2+P 0.20 13.2 99.6 0.13 59.7 96.1

16 1+ Hor2+Por (1P &2+ Rx) 0.20 13.3 99.6 0.13 58.5 96.1
Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive
Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are
reported in Appendix A.

Table 3-4 contains the validation indices for the algorithms investigated for OA. There
was fair agreement between the administrative and survey data, with x ranging from 0.23
to 0.35. The highest value occurred for both the three- and five-year algorithms based on
one or more physician billing claims (i.e., algorithms #9 and #13), as well as the five-year
algorithm based on one or more hospital separations or two or more physician billing
claims or one or more prescription drug records in combination with one or more
physician billing claims (i.e., algorithm #16). A slightly lower x of 0.34 occurred in the
remaining five-year algorithms as well as the four-year algorithm based on one or more
hospital separations or two or more physician billing claims or one or more prescription
drug records in combination with one or more physician billing claims (i.e., algorithms
#12, #14, and #15).

Sensitivity ranged from 16.4% to 52.4%. It was consistently the highest for algorithms
based on one or more physician billing claims (i.e., algorithms #1, #5, #9, and #13), with
the highest value being observed for the five-year algorithm. There is an advantage that
can be gained from using multiple years of administrative data to obtain a sensitive
algorithm, however the advantage is not as large as that for all forms of arthritis. For
example, a one unit increase in number of years caused sensitivity to increase by a
minimum of 4.6% for each algorithm.

Specificity was high for all of the algorithms, ranging from 90.0% to 98.9%. In each
algorithm the increase in specificity from using multiple years of administrative data
outweighed the decrease in specificity. Youden’s index ranged from 0.15 to 0.42. The
highest value was observed for the five-year algorithm based on one or more physician
billing claims (i.e., algorithm #13).
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The PPV of an OA diagnosis ranged from 36.5% to 61.6%. The highest value was
observed for the one-year algorithm based on two or more physician billing claims (i.e.,
algorithm #2). The one-year algorithm based on one or more physician billing claims
was 12.7% lower than the algorithm based on two or more physician billing claims,
indicating a substantial gain in PPV can be achieved by using an algorithm based on two
rather than one physician billing claims. The NPV of an OA diagnosis had very little
variation, ranging from 91.5% to 94.5%.

Table 3-4: Estimates of agreement, sensitivity, specificity, and predictive valuesfor osteoarthritis
algorithms

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+ P 0.30 27.5 96.8 0.24 48.9 924
2 2+ P 0.23 16.4 98.9 0.15 61.6 915

3 1+Hor2+P 0.23 16.8 98.8 0.16 60.6 915

4 1+ Hor 2+ P or (1 P & 2+ Rx) 0.29 22.9 98.0 0.21 56.3 92.1

2 5 1+ P 0.33 35.4 94.8 0.30 42.9 93.0
6 2+ P 0.29 23.8 97.9 0.22 55.4 921

7 1+ Hor 2+ P 0.29 23.9 97.8 0.22 54.3 921

8 1+ Hor 2+ Por (1 P & 2+ Rx) 0.33 31.2 96.6 0.28 50.0 92.7

3 9 1+ P 0.35 42.9 93.2 0.36 411 93.7
10 2+P 0.31 28.0 97.0 0.25 50.6 925

11 1+Hor2+P 0.31 28.1 96.9 0.25 49.7 925

12 1+Hor2+Por (1P &2+ Rx) 0.34 36.7 94.9 0.32 44.1 93.2

5 13 1+P 0.35 52.4 90.0 0.42 36.5 94.5
14 2+P 0.34 35.3 95.4 0.31 45.9 93.1

15 1+Hor2+P 0.34 35.4 95.3 0.31 45.3 93.1

16 1+Hor2+Por (1P &2+RX) 0.35 46.2 92.1 0.38 39.2 94.0
Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive
Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are
reported in Appendix A.

Provincial Estimates

Crude Prevalence Estimates

Provincial crude prevalence estimates for the 16 algorithms for all forms of arthritis, RA,

and OA are reported in Table 3-5. Crude prevalence estimates varied substantially across
the algorithms. For all forms of arthritis, crude prevalence estimates ranged from 9.4% to
47.7%. Crude prevalence estimates ranged from 0.5% to 1.7% for RA and from 2.4% to

14.5% for OA.

For all forms of arthritis the crude prevalence estimate for the algorithm with the highest
K (i.e., algorithm #8) was 20.4%. For the two algorithms with the highest overall values
of Youden’s index, (i.e., algorithms #14 and #16) the crude prevalence estimates were
31.8% and 37.8% respectively. The most sensitive algorithm (i.e., algorithm #13)
produced a crude prevalence estimate of 47.6%.

For RA, the algorithm with the highest «, sensitivity and Youden’s index (i.e., algorithm
#13) resulted in a crude prevalence estimate of 1.7%. Sensitivity and Youden’s index
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were equally as high for algorithms based on two or more physician billing claims in
five-years of data (i.e., algorithm #14). This algorithm produced a crude prevalence
estimate of 1.0% for the Manitoba population 19 years of age and older.

For OA the algorithm with the highest x, sensitivity and Youden’s index (i.e., algorithm
#13) resulted in a crude prevalence estimate of 14.5%. Kappa was equally as high for
two other algorithms (i.e., algorithms #9 and #16) which produced crude prevalence
estimates of 11.0% and 12.0% respectively for the Manitoba population 19 years of age
and older.

Table 3-5: Crude provincial prevalence estimatesfor arthritisalgorithms, 2001/02 -2005/06

# Algorithm Arthritis (%) RA (%) OA (%)
Years

1 1 1+P 18.8 0.7 5.3
2 2+P 9.4 0.5 2.4
3 1+Hor2+P 9.5 0.5 25
4 1+Hor2+Por (1P &2+Rx) 11.8 0.5 3.6

2 5 1+P 29.2 1.0 8.6
6 2+P 16.7 0.6 45
7 1+Hor2+P 16.9 0.7 4.6
8 1+Hor2+Por (1P &2+Rx) 20.4 0.7 6.5

3 9 1+P 36.7 1.2 11.0
10 2+P 225 0.8 6.0
11 1+Hor2+P 22.7 0.8 6.2
12 1+Hor2+Por (1P &2+ Rx) 27.2 0.8 8.6

5 13 1+P 47.6 1.6 14.5
14 2+P 31.8 1.0 8.3
15 1+Hor2+P 32.0 1.0 8.6
16 1+Hor2+Por (1P &2+Rx) 37.7 1.1 11.9

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; 1-year estimates
are for 2005/06, 2-year estimates are for 2004/05 - 2005/06, 3-year estimates are for 2003/04 - 2005/06, 5-
year estimates are for 2001/02 - 2005/06.

Venn Diagrams

Venn diagrams are presented for the set of algorithms with one or more hospital
separations or two or more physician billing claims or two or more prescription drug
records in combination with one or more physician billing claims in one-, two-, three-, or
five-years (i.e., algorithms #4, #8, #12, and #16) for all forms of arthritis. The Venn
diagrams describe the number and per cent of arthritis cases identified by each of the
three data sources for the Manitoba population 19 years of age and older. For example,
algorithm #4 resulted in the identification of 101,224 asthma cases in the province, thirty-
nine per cent of which were identified from physician data alone. The gain from
including hospital data is minimal, with less than one per cent of cases being identified
from hospital data alone. Very few cases were identified from all three administrative
data sources. Venn diagrams for RA and OA are not presented because the per cent of
cases identified by each data source did not differ substantially.
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Figure 3-1: ArthritisAlgorithm #4: 1+ Hospital Separations or 2+ Physician Billing Claimsor 2+
Prescriptionsin combination with 1+ Physician Billing Claim, 1 Year

Hospital Physician

1,757 39,317
1.7% 38.8%

19,819
19.6%

Prescription

N =101,224

Figure 3-2: Arthritis Algorithm #8: 1+ Hospital Separations or 2+ Physician Billing Claimsor 2+
Prescriptionsin combination with 1+ Physician Billing Claim, 2 Years

Hospital Physician

1,281 38,379
0.8% 22.4%

Prescription

N =171,426




Figure 3-3: ArthritisAlgorithm #12; 1+ Hospital Separationsor 2+ Physician Billing Claimsor 2+
Prescriptionsin combination with 1+ Physician Billing Claim, 3 Years

Hospital Physician

1,387 44,276
0.6% 19.7%

129,800
57.8%

Prescription

N = 224,697

Figure 3-4: Arthritis Algorithm #16: 1+ Hospital Separationsor 2+ Physician Billing Claimsor 2+
Prescriptionsin combination with 1+ Physician Billing Claim, 5 Years

Hospital Physician
1,353 47,710

0.5% 15.7%

Prescription

N = 303,536

Chapter Summary

The study results reveal that administrative data exhibited fair agreement with survey
data for all forms of arthritis and osteoarthritis and poor to fair agreement for rheumatoid
arthritis. The algorithm that resulted in the highest agreement between survey and
administrative data was not the same for all forms of arthritis, rheumatoid arthritis, and
osteoarthritis. For all forms of arthritis, the algorithm that exhibited the highest level of
agreement between the two sources (0.38) was based on two years of data and relied on a
combination of all three sources of administrative data. For rheumatoid arthritis, the

24



algorithm that exhibited the highest level of agreement (0.21) was based on five years of
data and used only physician claims data. For osteoarthritis, the highest level of
agreement between the two sources (0.35) was exhibited for the three- and five-year
algorithms based on one or more physician billing claims and the five-year algorithm
based on one or more hospital separations or two or more physician billing claims or two
or more prescription drug records in combination with one or more physician billing
claims. Crude prevalence estimates for the algorithms with the highest x were 20.4% for
all forms of arthritis, 1.7% for rheumatoid arthritis, and 11.0%, 14.5%, and 12.0% for
osteoarthritis.

If the maximum combination of sensitivity and specificity is the primary interest, then for
all forms of arthritis one of two different five-year algorithms should be adopted. The
first algorithm is based on two or more physician billing claims and the second algorithm
is based on one or more hospital separations or two or more physician billing claims or
two or more prescription drug records in combination with one or more physician billing
claims. For rheumatoid arthritis two of the five-year algorithms based on one or more
physician billing claims and two or more physician billing claims resulted in the highest
sensitivity and Youden’s index. For osteoarthritis the five-year algorithm based on one or
more physician billing claims resulted in the highest sensitivity and Youden’s index. For
all forms of arthritis and rheumatoid arthritis other algorithms based on five years of data
produced similar sensitivity and specificity results. Crude prevalence estimates for the
algorithms with the maximum value of Youden’s index were 31.8% and 37.8% for all
forms of arthritis, 1.7% and 1.0% for rheumatoid arthritis and 14.5% for osteoarthritis for
the Manitoba population 19 years of age and older.
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CHAPTER 4: ASTHMA

Description of Asthma Algorithms

Table 4-1 lists the 28 algorithms that were investigated for asthma in this study. The
asthma algorithms were based on as many as five years of administrative data. Two of the
algorithms in each time period were based only on physician billing claims, one
algorithm was based only on prescription drug data, and the remaining algorithms were
based on a combination of two or more of the three data sources. For example, algorithm
#1 identified individuals as asthma cases if they had one or more physician billing claim
with an asthma diagnosis code in a one-year period.

When assessing the results, it is important to note that all asthma algorithms did not
require prescription drug records to appear in combination with a physician billing claim.
This is because the drugs identified for inclusion in the study are specific to the treatment
of asthma, and would be used only infrequently for the treatment of other chronic
diseases.

Table 4-1: Asthma algorithms selected for validation

# Years Algorithm Hospital Physician Prescription
Separations Claims Drug
or or Records

1 1 1 or more
2 2 or more

3 1 or more
4 1 or more 1 or more
5 1 or more 2 or more

6 1 or more 1 or more 1 or more

7 1 or more 2 or more 2 or more
2 8 1 or more
9 2 or more

10 1 or more
11 1 or more 1 or more
12 1 or more 2 or more

13 1 or more 1 or more 1 or more

14 1 or more 2 or more 2 or more
3 15 1 or more
16 2 or more

17 1 or more
18 1 or more 1 or more
19 1 or more 2 or more

20 1 or more 1 or more 1 or more

21 1 or more 2 or more 2 or more
5 22 1 or more
23 2 or more

24 1 or more
25 1 or more 1 or more
26 1 or more 2 or more

27 1 or more 1 or more 1 or more

28 1 or more 2 or more 2 or more
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Validation Results

Table 4-2 contains the point estimates for the six validation indices for each of the 28
algorithms that were investigated for the combined age group of 12 years and older. The
95% ClIs for the estimates are reported in Appendix Table A.2.

There was fair to moderate agreement between the administrative and survey data, with x
ranging from 0.26 to 0.56. The highest value was for the three-year algorithm based on
one or more hospital separations or two or more physician billing claims or two or more
prescription drug records (ie., algorithm #21). This estimate was almost identical (0.55)
to the estimate for the corresponding five-year algorithm (i.e., algorithm #28).

Sensitivity was highly variable for the algorithms, ranging from 17.9% to 84.1%. It was
consistently the highest for algorithms based on one or more hospital separations or one
or more physician billing claims or one or more prescription drug records (i.e., algorithms
#6, #13, #20 and #27), and one or more prescription drug records (i.e., algorithms #1, #8,
#15 and #22). In all cases the highest sensitivity was observed for the five-year
algorithms.

Specificity was high for all algorithms and ranged from 87.9% to 99.3%. Overall, the
most specific algorithms were those based on two or more physician billing claims (ie.,
algorithms #2, #9, #16 and #23). However, there was very little change in specificity
when two or more physician billing claims were required instead of only one physician
billing claim, and the decrease in sensitivity was substantial. For example, the one-year
algorithm based on one or more physician billing claims (i.e., algorithm #1) has a
sensitivity of 28.7% while the algorithm based on two or more physician billing claims
(i.e., algorithm #2) had a sensitivity of 17.9%.

Youden’s index ranged from 0.17 to 0.72. The highest value was observed for the five-
year algorithm based on one or more hospital separations or one or more physician billing
claims or one or more prescription drug records in five years (i.e., algorithm #27).
However, Youden’s index was very similar for two five-year algorithms (.ie., algorithms
#24 and #28). The first is based on one or more prescription drug records (0.71), and the
second is based on one or more hospital separations or two or more physician billing
claims or two or more prescription drug records (0.69).

The PPV of an asthma diagnosis ranged from 35.8% to 66.9%. The highest value was
observed for the one-year algorithm based on two or more physician billing claims (ie.,
algorithm #2). This finding held true for each of the one-, two-, three-, and five-year sets
of algorithms. The NPV of an asthma diagnosis was above 93% for all of the algorithms,
with the highest value (98.6%) observed for the five-year algorithm based on one or more
hospital separations or one or more physician billing claims or one or more prescription
drug records (i.e., algorithm #27).
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Table 4-2: Estimates of agreement, sensitivity, specificity, and predictive valuesfor asthma

algorithms

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+P 0.37 28.7 98.7 0.27 64.1 94.5
2 2+P 0.26 17.9 99.3 0.17 66.9 93.8

3 1+Rx 0.52 57.0 96.1 0.53 53.8 96.5

4 1+Horl+P 0.38 30.1 98.6 0.29 62.6 94.6

5 1+Hor2+P 0.27 19.2 99.1 0.18 63.8 93.9

6 1+Horl1+Porl+Rx 0.52 60.5 95.6 0.56 52.2 96.8

7 1+ Hor 2+ P or 2+ Rx 0.50 47.2 97.6 0.45 60.7 95.9

2 8 1+P 0.42 38.9 97.5 0.36 55.2 95.2
9 2+P 0.34 26.9 98.5 0.25 58.4 94.4

10 1+Rx 0.50 65.3 94.0 0.59 46.5 97.1

11 1+Horl+P 0.43 40.8 97.3 0.38 54.4 95.4

12 1+Hor2+P 0.35 28.8 98.2 0.27 56.8 94.5

13 1+ Hor 1+ P or 1+ Rx 0.49 68.6 93.0 0.62 43.8 97.4

14 1+ Hor 2+ P or 2+ Rx 0.54 59.0 96.3 0.55 56.0 96.7

3 15 1+P 0.48 49.0 96.7 0.46 54.6 96.0
16 2+P 0.42 36.5 98.0 0.34 59.0 95.1

17 1+Rx 0.51 72.4 92.8 0.65 4.7 97.7

18 1+Horl1l+P 0.49 51.2 96.5 0.48 54.2 96.1

19 1+Hor2+P 0.43 38.6 97.8 0.36 57.9 95.2

20 1+Hor1+Porl1l+Rx 0.48 74.4 91.4 0.66 41.0 97.8

21 1+ Hor 2+ P or 2+ Rx 0.56 65.9 95.6 0.62 54.6 97.2

5 22 1+P 0.50 60.3 94.9 0.55 48.6 96.8
23 2+P 0.48 48.8 96.8 0.46 55.3 95.9

24 1+RX 0.48 80.6 90.1 0.71 39.4 98.3

25 1+Horl+P 0.50 61.5 94.7 0.56 48.2 96.9

26 1+Hor2+P 0.48 50.1 96.6 0.47 54.3 96.0

27 1+ Hor 1+ Por 1+ Rx 0.44 84.1 87.9 0.72 35.8 98.6

28 1+ Hor2+Por2+Rx 0.55 75.1 93.8 0.69 49.1 97.9

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive

Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are

reported in Appendix A.

Provincial Estimates

Crude Prevalence Estimates

Crude prevalence estimates for the 28 asthma algorithms are reported in Table 4-3. Crude
prevalence estimates are provided for the following: all ages (12 or more years), 12 to 18
years, 19 to 49 years and 50 or more years. The algorithm with the highest estimate of x
(i.e., algorithm #21) produced a crude prevalence estimate of 9.6% for all ages, 10.9% for
individuals from the ages of 12 to 18, 7.8% for individuals between the ages of 19 and
49, and 11.6% for individuals over the age of 50. The algorithm with a similar « (i.e.,
algorithm #28) produced crude prevalence estimates of 12.1%, 14.9%, 10.1% and 13.7%

respectively. The algorithm that resulted in the highest estimate of sensitivity and

Youden’s index (i.e., algorithm #27) produced crude prevalence estimates of 17.9% for

ages 12 and over, 21.6% for ages 12 to 18 years, 16.0% for ages 19 to 49 years, and

19.2% for ages 50 or more years for the Manitoba population.
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Table 4-3: Crude provincial prevalence estimatesfor asthma algorithms, 2001/02 — 2005/06

# Algorithms All Ages 12 - 18 19 - 49 50+
Years (%) Years (%) Years (%) Years (%)
1 1 1+P 3.7 5.2 3.6 3.3

2 2+P 2.0 2.6 1.9 1.9
3 1+Rx 8.1 7.8 6.6 10.2
4 1+Horl+P 4.0 53 3.6 4.0
5 1+Hor2+P 2.3 2.6 1.9 2.8
6 1+Horl1l+Porl+Rx 9.0 9.1 7.4 11.0
7 1+ Hor 2+ P or 2+ Rx 5.9 5.4 4.4 8.0
2 8 1+P 5.7 8.4 5.5 5.0
9 2+P 3.4 4.8 3.3 3.2
10 1+Rx 10.7 11.2 9.1 12.7
11 1+Hor1+P 6.1 8.4 55 6.1
12 1+Hor2+P 3.9 4.8 3.3 4.4
13 1+Hor 1+ Porl+Rx 12.0 13.0 10.3 13.9
14 1+ Hor 2+ Por2+Rx 8.0 8.4 6.4 10.2
3 15 1+P 7.3 111 7.0 6.4
16 2+P 4.6 6.8 4.4 4.3
17 1+Rx 12.7 13.9 11.0 14.5
18 1+Hor1+P 7.7 11.2 7.1 7.4
19 1+Hor2+P 51 6.9 4.5 5.4
20 1+Hor 1+ Por 1+ Rx 14.2 16.2 12.5 16.0
21 1+H or 2+P or 2+Rx 9.6 10.9 7.8 11.6
5 22 1+P 9.9 15.7 9.5 8.6
23 2+P 6.6 10.4 6.3 6.0
24 1+ Rx 15.9 18.6 14.0 17.3
25 1+Hor1+P 10.3 15.8 9.6 9.5
26 1+Hor2+P 7.1 10.4 6.3 7.1
27 1+Hor 1+ P or 1+Rx 17.9 21.6 16.0 19.2
28 1+ Hor 2+ P or 2+Rx 12.1 14.9 10.1 13.7

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; 1-year estimates
are for 2005/06, 2-year estimates are for 2004/05 - 2005/06, 3-year estimates are for 2003/04 - 2005/06, 5-
year estimates are for 2001/02 - 2005/06.

Venn Diagrams

Venn diagrams are presented for the set of asthma algorithms with one or more hospital
separations or one or more physician billing claims or one or more prescription drug
records in one-, two-, three-, or five-years (i.e., algorithms #6, #13, #20, and #27). The
Venn diagrams describe the number and per cent of asthma cases identified by each of
the three data sources for the Manitoba population 12 years of age and older. For
example, algorithm #6 resulted in the identification of 87,318 asthma cases in Manitoba.
More than half (55.6%) of these cases were identified from prescription drug records
alone and nine per cent from physician data alone. Thirty-one per cent were identified
from both physician and prescription drug data. The gain from including hospital data in
asthma algorithms is minimal, with less than one per cent of cases identified from
hospital data alone.
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Figure4-1: Asthma Algorithm #6; 1+ Hospital Separationsor 1+ Physician Billing Claimsor 1+
Prescription Records, 1 Year

Hospital Physician

Prescription

N =87,318

Figure 4-2 Asthma Algorithm #13: 1+ Hospital Separationsor 1+ Physician Billing Claimsor 1+
Prescription Records, 2 Years

Hospital Physician

41,225
36.0%

Prescription

N =114,518




Figure 4-3: Asthma Algorithm #20: 1+ Hospital Separationsor 1+ Physician Billing Claimsor 1+
Prescription Records, 3 Years
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77 13,919
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Figure 4-4;: Asthma Algorithm #27: 1+ Hospital Separationsor 1+ Physician Billing Claimsor 1+
Prescription Records, 5 Years
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Chapter Summary

The validation results indicate that administrative data exhibited fair to moderate
agreement with survey data for asthma cases. The highest agreement (0.56) was observed
for the algorithm based on one or more hospital separations or two or more physician
billing claims or two or more prescription drug records over three years. Crude
prevalence estimates of asthma ranged from 2.0% to 17.9% for the investigated
algorithms. The algorithms with the highest values of ¥ and Youden’s index produced
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crude prevalence estimates of 9.6% and 17.9%, respectively for the Manitoba population
12 years of age and older.

The most sensitive algorithms for identifying asthma cases from administrative data were
obtained by using prescription drug records alone (80.6%), or in combination with
hospital separations and physician billing claims (84.1%). There is a substantial
advantage that can be gained from using multiple years of administrative data to obtain a
valid algorithm. There is very little trade-off between sensitivity and specificity for
different algorithms; the latter was very high for all of the algorithms that were
investigated.
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CHAPTER 5. CORONARY HEART DISEASE

Description of Heart Disease Algorithms

Table 5-1 lists the 28 algorithms that were investigated for coronary heart disease (CHD)
in this study. The algorithms were based on as many as five years of administrative data.
Two of the algorithms in each set were based only on physician billing claims data, two
were based on both hospital or physician billing claims data and three were based on a
combination of all three data sources. The first two algorithms based on all three data
sources do not require prescription drug records to appear in combination with physician
billing claims in order for an individual to be identified as a case while the last algorithm
does. For example, algorithm #6 identified individuals as cases if they had one or more
hospital separations or one or more physician billing claims or two or more prescription
drug records with an IHD diagnostic or prescription drug code in a one-year period.
Algorithm #7 identified individuals as cases if they had one or more hospital separations
or two or more physician billing claims or two or more prescription drug records in
combination with a physician billing claim with an IHD diagnostic or prescription drug
code in a one-year period. Crude prevalence rates dropped substantially when
prescription drug records were required to appear in combination with a physician billing
claim (20.4% to 3.3% for algorithm #6 and #7 respectively).

When analyzing results it is important to differentiate between the algorithms that
required prescription drug records to appear in combination with a physician billing claim
(i.e., algorithms #5, #6, #12, #13, #19, #20, #26, and #27), and those that did not (i.e.,
algorithms #7, #14, #21, and #28).
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Table5-1: Coronary heart disease algorithms selected for validation

# Years Algorithm Hospital Physician Physician Claims
Separations Claims and
or or Prescription Drug Records

1 1 1 or more

2 2 or more

3 1 or more 1 or more

4 1 or more 2 or more

5 1 or more 1 or more 0 and 1 or more

6 1 or more 1 or more 0 and 2 or more

7 1 or more 2 or more 1 and 2 or more
2 8 1 or more

9 2 or more

10 1 or more 1 or more

11 1 or more 2 or more

12 1 or more 1 or more 0 and 1 or more

13 1 or more 1 or more 0 and 2 or more

14 1 or more 2 or more 1 and 2 or more
3 15 1 or more

16 2 or more

17 1 or more 1 or more

18 1 or more 2 or more

19 1 or more 1 or more 0 and 1 or more

20 1 or more 1 or more 0 and 2 or more

21 1 or more 2 or more 1 and 2 or more
5 22 1 or more

23 2 or more

24 1 or more 1 or more

25 1 or more 2 or more

26 1 or more 1 or more 0 and 1 or more

27 1 or more 1 or more 0 and 2 or more

28 1 or more 2 or more 1 and 2 or more

Validation Results

Validation Indices

Table 5-2 contains the point estimates for the six validation indices for each of the 28
algorithms that were investigated for CHD. The 95% Cls for these estimates are reported
in Appendix Table A.3.

There was fair to moderate agreement between the administrative and survey data, with «
ranging from 0.21 to 0.50. The highest value of the « statistic was for the five-year
algorithm based on one or more hospital separations or two or more physician billing
claims or two or more prescription drug records in combination with a physician billing
claim (i.e., algorithm #28). However, a k of 0.49 was also realized for the corresponding
three-year algorithm as well as the five-year algorithm based on one or more hospital
separations or one or more physician billing claims (i.e., algorithms #21 and #24).

Sensitivity was highly variable for the algorithms, ranging from 28.0% to 84.7%. It was
consistently the highest for algorithms based on one or more hospital separations or one
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or more physician billing claims or one or more prescription drug records (i.e., algorithms
#5,#12, #19, and #26) followed closely by one or more hospital separations or one or
more physician billing claims or two or more prescription drug records (i.e., algorithms
#6, #13, #20 and #27). There were large gaps in sensitivity for the remaining algorithms.
In all cases, the highest sensitivity was observed for the five-year algorithms.

Specificity ranged from 79.0% to 99.2% for all 28 algorithms. It was lowest for the two
algorithms with the highest specificity and varied by less than 3.1% within 1-, 2-, 3- and
S-year algorithms. Youden’s index ranged from 0.27 to 0.64. The highest value was
observed for the five-year algorithm based on one or more hospital separations or one or
more physician billing claims or one or more prescription drug records over five years
(i.e., algorithm #26). However, Youden’s index was similar for the corresponding three-,

two-, and one-year algorithms (0.63, 0.62 and 0.63 respectively).

Table 5-2: Estimates of agreement, sensitivity, specificity, and predictive valuesfor ischemic heart
disease algorithms

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+P 0.41 35.2 98.6 0.34 B55.1 96.9
2 2+P 0.37 28.0 99.2 0.27 62.2 96.6

3 1+Hor 1+ P 0.42 36.4 98.6 0.35 55.1 97.0

4 1+Hor2+P 0.38 29.3 99.1 0.28 61.9 96.7

5 1+ Hor 1+ P or 1+ Rx 0.23 80.8 82.0 0.63 17.8 98.9

6 1+ Hor 1+ P or 2+ Rx 0.23 74.1 834 0.57 17.7 98.5

7 1+Hor 2+P or (1 P and 2+Rx) 0.42 35.9 98.7 0.35 57.3 97.0

2 8 1+P 0.46 454 98.0 0.43 51.8 97.4
9 2+P 0.41 36.3 98.5 0.35 53.5 97.0

10 1+Hor1+P 0.47 47.2 97.9 0.45 52.1 97.5

11 1+Hor2+P 0.43 38.3 98.4 0.37 53.7 97.1

12 1+ Hor 1+ Por 1+ Rx 0.22 81.1 81.2 0.62 17.1 98.9

13 1+ Hor 1+ P or 2+ Rx 0.23 77.3 82.4 0.60 17.4 98.7

14  1+Hor 2+Por (1 P and 2+Rx) 0.48 46.8 98.1 0.45 53.8 97.5

3 15 1+P 0.48 52.2 97.3 0.49 48.0 97.7
16 2+P 0.44 42.9 98.0 0.41 50.2 97.3

17 1+Hor1+P 0.48 54.0 97.1 0.51 47.3 97.8

18 1+Hor2+P 0.45 45.2 97.8 0.43 49.2 97.4

19 1+ Hor 1+ P or 1+ Rx 0.22 82.8 80.4 0.63 16.9 99.0

20 1+ Hor1+Por2+Rx 0.22 78.8 81.6 0.60 17.1 98.8

21 1+Hor 2+Por (1 P and 2+Rx) 0.49 53.6 97.3 0.51 49.1 97.8

5 22 1+P 0.48 60.6 96.2 0.57 43.1 98.1
23  2+P 0.47 51.5 97.3 0.49 47.5 97.7

24 1+Hor 1+ P 0.49 63.4 96.0 0.59 43.2 98.2

25 1+ Hor2+P 0.48 54.9 97.1 0.52 47.3 97.8

26 1+ Hor1+Porl+Rx 0.21 84.7 79.0 0.64 16.2 99.1

27 1+ Hor 1+ Por 2+ Rx 0.22 80.3 80.8 0.61 16.7 98.8

28 1+Hor 2+P or (1 P and 2+Rx) 0.50 63.0 96.4 0.59 45.4 98.2

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive

Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are

reported in Appendix A.

The PPV of a CHD diagnosis ranged from 16.2% to 62.2%. The highest value was

observed for the one-year algorithm based on two or more physician billing claims (i.e.,
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algorithm #2). This finding held true for each of the one-, two-, three-, and five-year sets
of algorithms. The NPV of an IHD diagnosis was above 96.6% for all algorithms, with
the highest value observed (99.1%) for the five-year algorithm based on one or more
hospital separations or one or more physician billing claims or one or more prescription
drug records (i.e., algorithm #26).

Provincial Estimates

Crude Prevalence Estimates

Provincial crude prevalence estimates for the 28 algorithms are reported in Table 5-3.
The algorithm with the highest estimate of « (i.e., algorithm #28) produced a crude
prevalence estimate of 7.2%. The algorithms with similar x (i.e., algorithms #21 and #24)
produced crude prevalence estimates of 5.7% and 7.8% respectively. The algorithm with
the highest estimate of sensitivity and Youden’s index (i.e., algorithm #26) produced a
crude prevalence estimate of 26.3% in the Manitoba population 19 years of age and older.

Table 5-3: Crude provincial prevalence estimates for ischemic heart disease algorithms,
2001/02 -2005/06

# Years Algorithm Prevalence
Estimates (%)
1 1 1+P 3.4
2 2+P 2.3
3 1+Horl+P 3.6
4 1+Hor2+P 2.5
5 1+Hor 1+ P or 1+ Rx 21.4
6 1+ Hor1+P or 2+ Rx 20.4
7 1+H or 2+P or (1 P and 2+Rx) 3.3
2 8 1+P 4.8
9 2+P 3.5
10 1+Hor1+P 5.0
11 1+Hor2+P 3.8
12 1+Hor 1+ Por 1+ Rx 23.0
13 1+Hor 1+ P or 2+ Rx 21.8
14 1+Hor 2+P or 1 P and 2+Rx) 4.7
3 15 1+P 5.9
16 2+P 4.3
17 1+Hor1+P 6.1
18 1+Hor2+P 4.7
19 1+Hor 1+ Por 1+ Rx 24.3
20 1+ Hor 1+ Por 2+ Rx 22.9
21 1+Hor 2+P or (1 P and 2+Rx) 5.7
5 22 1+P 7.5
23 2+P 5.6
24 1+Hor1+P 7.8
25 1+Hor2+P 6.0
26 1+ Hor 1+ Por 1+ Rx 26.3
27 1+ Hor 1+ P or 2+ Rx 24.5
28 1+H or 2+P or (1 P and 2+Rx) 7.2

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; 1-year estimates
are for 2005/06, 2-year estimates are for 2004/05 - 2005/06, 3-year estimates are for 2003/04 - 2005/06, 5-
year estimates are for 2001/02 - 2005/06.
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Venn Diagrams

Venn diagrams are presented for the CDH algorithms based on one or more hospital
separations or two or more physician billing claims or one physician billing claim in
combination with two or more prescription drug records or one over one-, two-, three-
and five-years (i.e., algorithms #7, #14, #21, and #28). The Venn diagrams describe the
number and per cent of IHD cases identified by each of the three data sources for the
Manitoba population 19 years of age and older.

Figure5-1: Coronary Heart Disease Algorithm #7: 1+ Hospital Separationsor 2+ Physician Billing
Claimsor 1 Physician Billing Claim & 2+ Prescription Records, 1 Year

Hospital Physician
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Figure5-2: Coronary Heart Disease Algorithm #14: 1+ Hospital Separationsor 2+ Physician Billing

Claimsor 1 Physician Billing Claim & 2+ Prescription Records, 2 Years
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Figure 5-3: Coronary Heart Disease Algorithm #21: 1+ Hospital Separationsor 2+ Physician Billing

Claimsor 1 Physician Billing Claim & 2+ Prescription Records, 3 Years
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Figure5-4; Coronary Heart Disease Algorithm #28: 1+ Hospital Separationsor 2+ Physician Billing
Claimsor 1 Physician Billing Claim & 2+ Prescription Records, 5 Years
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Chapter Summary

The study results indicate that administrative data exhibit fair to moderate agreement with
survey data for identifying cases of heart disease. The highest agreement (0.50) was
observed for the algorithm based on one or more hospital separations or two or more
physician billing claims or two or more prescription drug records in combination with
one physician billing claim over five years. Crude prevalence estimates of ischemic heart
disease ranged from 2.3% to 26.3% for the investigated algorithms. The algorithms with
the highest values of ¥ and Youden’s index produced crude prevalence estimates of 7.2%
and 26.3% respectively for the Manitoba population 19 years of age and older. The crude
prevalence for algorithms requiring prescription drug records to appear in combination
with a physician billing claim were substantially lower than algorithms that did not
require prescription drug records to appear in combination with a physician billing claim.

The most sensitive algorithms for identifying heart disease cases from administrative data
were obtained from algorithms that used all three data sources. The advantage gained
from using multiple years of administrative data to obtain a valid algorithm was less than
the advantage for other chronic diseases investigated in this report.
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CHAPTER 6: DIABETES

Description of Diabetes Algorithms

Table 6-1 lists the 32 algorithms that were investigated for diabetes in this study. The
diabetes algorithms were based on as many as five years of administrative data. Two of
the algorithms in each set were based only on physician billing claims data and the
remaining algorithms were based on a combination of two or more of the three data
sources. For example, algorithm #1 identified individuals as diabetes cases if they had
one or more physician billing claims with a diabetes diagnosis code in a one-year period.
Algorithm #8 identified individuals as diabetes cases if they had one or more hospital
separations or two or more physician billing claims or two or more prescription drug
records with relevant diagnostic or medication codes in a one-year period.

When analyzing results it is important to note that none of the diabetes algorithms
required prescription drug records to appear in combination with a physician billing
claim.

Table 6-1: Diabetes algorithms selected for validation

# Years Algorithm Hospital Physician Prescription
Separations Claims Drug
or or Records
1 1 1 or more
2 2 or more
3 1 or more 1 or more
4 1 or more 2 or more
5 1 or more 1 or more 1 or more
6 1 or more 2 or more 1 or more
7 1 or more 1 or more 2 or more
8 1 or more 2 or more 2 or more
2 9 1 or more
10 2 or more
11 1 or more 1 or more
12 1 or more 2 or more
13 1 or more 1 or more 1 or more
14 1 or more 2 or more 1 or more
15 1 or more 1 or more 2 or more
16 1 or more 2 or more 2 or more
3 17 1 or more
18 2 or more
19 1 or more 1 or more
20 1 or more 2 or more
21 1 or more 1 or more 1 or more
22 1 or more 2 or more 1 or more
23 1 or more 1 or more 2 or more
24 1 or more 2 or more 2 or more
5 25 1 or more
26 2 or more
27 1 or more 1 or more
28 1 or more 2 or more
29 1 or more 1 or more 1 or more
30 1 or more 2 or more 1 or more
31 1 or more 1 or more 2 or more
32 1 or more 2 or more 2 or more
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Validation Results

Table 6-2 contains the point estimates for the six validation indices for each of the 32
diabetes algorithms that were investigated for diabetes. The 95% Cls for these estimates
are reported in Appendix Table A 4.

There was good to very good agreement between the administrative and survey data, with
x ranging from 0.75 to 0.87. The highest value was for both the one- and two-year
algorithms based on one or more hospital separations or two or more physician billing
claims or two or more prescription drug records and the one-year algorithm based on one
or more hospital separations or two or more physician billing claims or one or more
prescription drug records (i.e., algorithms #8, #16, and #6). However, several other
algorithms produced estimates of x that were higher than 0.80.

Sensitivity was high for all of the algorithms, ranging from 67.8% to 94.4%. In each case
the specificity increased with number of years, meaning the highest specificity was
observed for the five-year algorithms. It was consistently the highest for algorithms based
on one or more hospital separations or one or more physician billing claims or one or
more prescription drug records (i.e., algorithms #5, #13, #21, and #29) followed closely
by one or more physician billing claims or one or more hospital separations or two or
more prescription drug records (i.e., algorithms #7, #15, #23, and #31.)

Specificity was very high for all algorithms, ranging from 97.1% to 99.6%. Overall, the
most specific algorithms were those based on two or more physician billing claims
(algorithms # 2, #9, #16 and #23). However, there was very little change in specificity
when two or more physician billing claims were required instead of only one physician
billing claim while the decrease in sensitivity was substantial. For example, the one-year
algorithm based on one or more physician billing claims (i.e., algorithm #1) had a
sensitivity of 77.6% while the algorithm based on two or more physician billing claims
(i.e., algorithm #2) had a sensitivity of 67.8%.

Youden’s index ranged from 0.67 to 0.92. The highest value was observed for two of the
five-year algorithms, the first based on one or more hospital separations or one or more
physician billing claims or one or more prescription drug records and the second based on
one or more hospital separations or one or more physician billing claims or two or more
prescription drug records (i.e., algorithms #29 and #31). A slightly lower Youden’s index
0f 0.91 was realized for eight algorithms.

The PPV of a diabetes diagnosis ranged from 64.6% to 90.6%. The highest value was
observed for the one-year algorithm based on two or more physician billing claims (i.e.,
algorithm #2). This finding holds for each of the one-, two-, three-, and five-year sets of
algorithm. NPV approached its upper bound for all algorithms, attaining values as high as
99.7%.
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Table 6-2: Estimates of agreement, sensitivity, specificity, and predictive valuesfor diabetes

algorithms

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+P 0.78 77.6 99.0 0.77 81.0 98.8
2 2+P 0.76 67.8 99.6 0.67 90.6 98.3

3 1+Horl1l+P 0.79 78.8 99.0 0.78 80.7 98.8

4 1+Hor2+P 0.78 69.9 99.6 0.69 90.2 98.4

5 1+ Hor 1+ Por 1+ Rx 0.83 87.6 98.9 0.86 81.1 99.3

6 1+Hor2+Porl+Rx 0.87 85.9 99.4 0.85 89.0 99.2

7 1+ Hor1+Por 2+ Rx 0.84 87.4 98.9 0.86 81.8 99.3

8 1+ Hor2+P or 2+ Rx 0.87 85.0 99.5 0.84 89.7 99.2

2 9 1+P 0.77 84.8 98.3 0.83 73.0 99.2
10 2+P 0.82 80.0 99.3 0.79 86.0 98.9

11 1+Hor 1+ P 0.77 85.6 98.2 0.84 72.6 99.2

12 1+Hor2+P 0.83 81.9 99.2 0.81 85.3 99.0

13 1+ Hor 1+ P or 1+ Rx 0.80 92.6 98.1 0.91 72.3 99.6

14 1+ Hor 2+ P or 1+ Rx 0.86 90.0 99.0 0.89 83.6 99.4

15 1+ Hor 1+ P or 2+ Rx 0.81 92.4 98.2 0.91 73.7 99.6

16 1+ Hor 2+ P or 2+ Rx 0.87 89.5 99.2 0.89 85.5 99.4

3 17 1+P 0.76 88.1 97.8 0.86 68.7 99.3
18 2+P 0.83 84.5 99.0 0.84 82.4 99.2

19 1+Horl1+ P 0.76 88.9 97.8 0.87 68.3 99.4

20 1+Hor2+P 0.83 86.1 99.0 0.85 82.0 99.2

21 1+Horl1+Porl+Rx 0.77 93.4 97.6 0.91 67.8 99.6

22 1+ Hor2+Por 1+ Rx 0.85 91.8 98.7 0.91 79.9 99.5

23 1+ Hor 1+ P or 2+ Rx 0.78 93.2 97.7 0.91 69.0 99.6

24 1+ Hor 2+ P or 2+ Rx 0.86 91.7 98.9 0.91 81.9 99.5

5 25 1+P 0.75 91.0 97.4 0.88 65.8 99.5
26 2+P 0.85 89.0 98.9 0.88 82.0 99.4

27 1+Hor1+P 0.75 91.6 97.3 0.89 65.5 99.5

28 1+Hor2+P 0.84 89.6 98.9 0.88 81.4 99.4

29 l1+Horl1l+Porl+Rx 0.75 94.4 97.2 0.92 64.6 99.7

30 1+Hor2+Porl+Rx 0.84 92.7 98.6 0.91 78.9 99.6

31 1+Hor1+Por2+Rx 0.76 94.2 97.3 0.92 65.7 99.7

32 1+Hor2+Por2+Rx 0.85 92.6 98.8 0.91 80.8 99.6

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive

Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are

reported in Appendix A.

Provincial Estimates

Crude Prevalence Estimates

Provincial crude prevalence estimates for the 32 diabetes algorithms are reported in Table
6-3. The crude prevalence estimates ranges from 4.8% to 10.6%. The algorithms with the

highest estimates of « (i.e., algorithms #6, #8, and #16) produced crude prevalence
estimates of 6.7%, 6.6% and 7.3%, respectively. The algorithm with the highest

estimates of Youden’s index and corresponding highest sensitivity (i.e., algorithm #29)
produced a crude prevalence estimate of 10.6%. Algorithm #31 had an equally high
value of Youden’s index with a similar sensitivity and it produced a crude prevalence
estimate of 10.5%.
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Table 6-3: Crude provincial prevalence estimatesfor diabetes algorithms, 2001/02 -2005/06

# Algorithms Prevalence
Years Estimates (%)
1 1 1+P 6.5
2 2+P 4.8
3 1+Horl1+P 6.7
4 1+Hor2+P 5.1
5 1+Horl+Porl+Rx 7.6
6 1+Hor2+Porl+Rx 6.7
7 1+Horl1l+Por2+Rx 7.5
8 1+Hor2+Por2+Rx 6.6
2 9 1+P 7.9
10 2+P 6.2
11 1+Hor1+P 8.1
12 1+Hor2+P 6.5
13 1+Horl1l+Por 1+ Rx 8.6
14 1+Hor2+Porl+Rx 7.5
15 1+Hor1+Por2+Rx 8.5
16 1+ Hor 2+ Por 2+ Rx 7.3
3 17 1+P 8.8
18 2+P 7.0
19 1+Hor1+P 9.0
20 1+Hor2+P 7.3
21 1+Hor 1+ Por 1+ Rx 9.4
22 1+Hor2+Porl+Rx 8.0
23 1+Hor1+Por2+Rx 9.3
24 1+ Hor 2+ P or 2+ Rx 7.8
5 25 1+P 10.0
26 2+P 7.8
27 1+Horl1l+P 10.2
28 1+Hor2+P 8.1
29 1+Horl1l+Porl+Rx 10.6
30 1+Hor2+Porl+Rx 8.6
31 1+Hor1+Por2+Rx 10.5
32 1+Hor 2+ Por2+Rx 8.5

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; 1-year estimates
are for 2005/06, 2-year estimates are for 2004/05 - 2005/06, 3-year estimates are for 2003/04 - 2005/06, 5-
year estimates are for 2001/02 - 2005/06.

Venn Diagrams

Venn diagrams are presented for the set of diabetes algorithms with one or more hospital
separations or two or more physician billing claims or two or more prescription drug
records in one-, two-, three-, and five-years (i.e., algorithms #8, #16, #24, and #32). The
Venn diagrams describe the number and per cent of diabetes cases identified by each of
the three data sources for the Manitoba population 19 years and older. For example,
algorithm #8 resulted in 56,389 diabetes cases. More than half (52.0%) of these cases
were identified from both the physician and prescription drug data. Twelve per cent were
identified solely from physician data, 22.7% from prescription drug records and 1.6%
from hospital data while 7.8% were identified by all three data sources.
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Figure 6-1: Diabetes Algorithm #8: 1+ Hospital Separationsor 2+ Physician Billing Claimsor 2+
Prescriptions, 1 Year

Hospital Physician
398 7,023
0.7% 12.5%
Prescription
N = 56,389

Figure 6-2: Diabetes Algorithm #16: 1+ Hospital Separations or 2+ Physician Billing Claimsor 2+
Prescriptions, 2 Years

Hospital Physician
639 6,693

1.0% 10.9%

Prescription

N =61,661




Figure 6-3: Diabetes Algorithm #24: 1+ Hospital Separations or 2+ Physician Billing Claimsor 2+

Prescriptions, 3 Years
Hospital Physician
11,688
18.1%
Prescription
N = 64,659

Figure 6-4: Diabetes Algorithm #32: 1+ Hospital Separations or 2+ Physician Billing Claimsor 2+

Prescriptions, 5 Years
Hospital Physician
14,192
20.8%
Prescription
N = 68,269
Chapter Summary

The validation results indicate that administrative data exhibit good to very good
agreement with survey data for identifying cases of diabetes. The highest agreement
(0.87) was observed both by one-year and two-year algorithms based on one or more
hospital separations or two or more physician billing claims or two or more prescription
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drug records and the one-year algorithm based on one or more hospital separations or two
or more physician billing claims or two or more prescription drug records. Crude
prevalence estimates of diabetes ranged from 4.8% to 10.6% for the investigated
algorithms. The algorithms with the highest value of ¥ produced crude prevalence
estimates of 6.6%, 6.7%, and 7.3% while algorithms with the highest value of Youden’s
index produced crude prevalence estimates of 10.5% and 10.6% for the Manitoba
population 19 years of age and older.

Sensitivity increased with number of years of data, although the advantage gained from

using multiple years of administrative data to obtain a valid algorithm was less than the
advantage for other chronic diseases investigated in this report.
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CHAPTER 7: HYPERTENSION

Description of Hypertension Algorithms

Table 7-1 lists the 28 algorithms that were investigated for hypertension in this study.
Two of the algorithms in each set were based only on physician billing claims data, two
were based on both hospital or physician billing claims data and three were based on all
three data sources. For example, algorithm #6 identified individuals as hypertensive cases
if they had one or more hospital separations or one or more physician billing claims or
two or more prescription drug records with a hypertension diagnostic or prescription drug
code in a one-year period. Algorithm #7 identified individuals as hypertensive cases if
they had one or more hospital separations or two or more physician billing claims or two
or more prescription drug records in combination with a physician billing claim with a
hypertension diagnostic or prescription drug code in a one-year period. The algorithms
for two-, three-, and five-years of administrative data are interpreted in a similar fashion.

When analyzing results it is important to differentiate between the algorithms that
required prescription drug records to appear in combination with a physician billing claim
(i.e., algorithms #7, #14, #21, and #28), and those that did not (i.e., algorithms #5, #6,
#12, #13, #19, #20, #26, and #27).

Table 7-1: Hypertension algorithms selected for validation

# Years Algorithm Hospital Physician Physician Claims
Separations Claims and
or or Prescription Drug Records

1 1 1 or more

2 2 or more

3 1 or more 1 or more

4 1 or more 2 or more

5 1 or more 1 or more 0 and 1 or more

6 1 or more 1 or more 0 and 2 or more

7 1 or more 2 or more 1 and 2 or more
2 8 1 or more

9 2 or more

10 1 or more 1 or more

11 1 or more 2 or more

12 1 or more 1 or more 0 and 1 or more

13 1 or more 1 or more 0 and 2 or more

14 1 or more 2 or more 1 and 2 or more
3 15 1 or more

16 2 or more

17 1 or more 1 or more

18 1 or more 2 or more

19 1 or more 1 or more 0 and 1 or more

20 1 or more 1 or more 0 and 2 or more

21 1 or more 2 or more 1 and 2 or more
5 22 1 or more

23 2 or more

24 1 or more 1 or more

25 1 or more 2 or more

26 1 or more 1 or more 0 and 1 or more

27 1 or more 1 or more 0 and 2 or more

28 1 or more 2 or more 1 and 2 or more
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Validation Results

Table 7-2 contains the point estimates for the six validation indices for each of the 28
algorithms that were investigated for hypertension. The 95% ClIs for the estimates are
reported in Appendix Table A.5.

There was moderate to good agreement between the administrative and survey data, with
k ranging from 0.49 to 0.70. The highest value occurred for three different algorithms -
the one-year algorithm based on one or more hospital separations or one or more
physician billing claims or one or more prescription drug records, the one-year algorithm
based on one or more hospital separations or one or more physician billing claims or two
or more prescription drug records and the five-year algorithm based on one or more
hospital separations or two or more physician billing claims or two or more prescription
drug records in combination with one or more physician billing claims (i.e., algorithms
#5, #6 and #28).

Sensitivity was highly variable for the algorithms, ranging from 40.9% to 84.1%. It was
consistently the highest for algorithms based on one or more hospital separations or one
or more physician billing claims or one or more prescription drug records (i.e., algorithms
#5, #12, #19, and #26) followed closely by the algorithms based on one or more hospital
separations or one or more physician billing claims or two or more prescription drug
records (i.e., algorithms #6, #13, #20, and #27) and increased with the number of years of
administrative data. In all cases the highest sensitivity was observed for the five-year
algorithms. However the largest increase in sensitivity occurred between one- and two-
year algorithms.

Specificity ranged from 84.4% to 98.6%. Youden’s index ranged from 0.39 to 0.71. The
highest value was observed for the one- and two-year algorithms based on one or more
hospital separations or one or more physician billing claims or one or more prescription
drug records as well as the one-year algorithm based on one or more hospital separations
or one or more physician billing claims or two or more prescription drug records (i.e.,
algorithms #6, #13, and #5). However, a slightly lower Youden’s index of 0.69 or 0.70
was realized for eight algorithms.

The PPV of a hypertension diagnosis ranged from 61.6% to 89.6%. The highest value
was observed for the one-year algorithm based on two or more physician billing claims
(i.e., algorithm #2). This finding held true for each of the one-, two-, three-, and five-year
sets of algorithms. The NPV of a hypertension diagnosis ranged from 84.9% to 94.7%.
The highest value was observed for the algorithm with one or more hospital separations
or one or more physician billing claims or one or more prescription drug records (i.e.,
algorithms #5, #12, #19, and #26) followed closely by the algorithms based on one or
more hospital separations or one or more physician billing claims or two or more
prescription drug records (i.e., algorithms #6, #13, #20, and #27). In all cases the highest
NPV was observed for the five-year algorithms.
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Table 7-2: Estimates of agreement, sensitivity, specificity, and predictive value for hypertension

algorithms

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+P 0.59 56.7 96.2 0.53 81.8 88.2
2 2+P 0.49 40.9 98.6 0.39 89.6 84.9

3 1+Horl+P 0.60 57.8 96.2 0.54 81.7 88.4

4 1+Hor2+P 0.50 42.5 98.5 0.41 89.3 85.2

5 1+ Hor 1+ P or 1+ Rx 0.70 78.5 92.4 0.71 75.5 93.5

6 1+ Hor1+Por2+Rx 0.70 77.5 93.1 0.71 77.0 93.3

7 1+Hor 1+Por (1 P and 2+Rx) 0.61 55.9 97.4 0.53 86.5 88.1

2 8 1+P 0.63 68.6 93.0 0.62 74.5 90.9
9 2+P 0.59 55.1 97.0 0.52 84.4 87.9

10 1+Hor1+P 0.64 69.9 92.8 0.63 74.1 91.2

11 1+Hor2+P 0.60 56.7 96.7 0.53 83.5 88.2

12 1+ Hor 1+ P or 1+ Rx 0.66 81.4 89.1 0.70 68.9 94.1

13 1+ Hor 1+ Por 2+ Rx 0.67 80.9 90.0 0.71 70.6 94.1

14 1+H or 2+P or (1P and 2+Rx) 0.67 67.8 95.6 0.63 82.0 90.9

3 15 1+P 0.63 73.2 90.6 0.64 69.7 91.9
16 2+P 0.64 64.3 95.2 0.60 79.9 90.0

17 1+Hor1+P 0.63 74.5 90.4 0.65 69.7 92.2

18 1+Hor2+P 0.65 65.9 94.9 0.61 79.4 90.4

19 1+ Hor 1+ P or 1+ Rx 0.63 82.3 86.7 0.69 64.9 94.3

20 1+ Hor 1+ P or 2+ Rx 0.65 81.9 88.0 0.70 66.9 94.2

21 1+Hor 2+Por (1P and 2+Rx) 0.68 73.0 93.7 0.67 77.5 92.1

5 22 1+P 0.64 78.4 89.1 0.67 68.0 93.3
23 2+P 0.67 70.7 93.9 0.65 77.4 915

24 1+Horl1l+P 0.65 79.8 88.9 0.69 68.1 93.7

25 1+Hor2+P 0.67 72.3 93.7 0.66 77.2 91.9

26 1+ Hor 1+ P or 1+ Rx 0.61 84.2 84.4 0.69 61.6 94.7

27 1+ Hor 1+ P or 2+ Rx 0.63 83.7 86.1 0.70 64.2 94.7

28 1+H or 2+P or (1P and 2+Rx) 0.70 77.4 92.8 0.70 76.1 93.2

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive

Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are

reported in Appendix A.

Provincial Estimates

Crude Prevalence Estimates
Provincial estimates are reported in Table 7-3. The crude prevalence estimates varied
with the source and number of years of data. The algorithms with the highest estimate of
k returned crude prevalence rates of 24.7%, 23.9% and 23.8% (algorithms #5, #6, and
#28 respectively). The algorithm with the highest estimate of Youden’s index and the

corresponding highest sensitivity (i.e., algorithm #13) produced a crude prevalence

estimate of 26.6%.
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Table 7-3: Crude provincial prevalence estimatesfor hypertension algorithms, 2001/02 -2005/06

# Algorithm Prevalence
Years Estimates (%)
1 1 1+P 15.5
2 2+P 10.1
3 1+Hori1+P 16.1
4 1+Hor2+P 10.8
5 1+Horl+Porl+RxX 24.7
6 1+Horl1l+Por2+Rx 23.9
7 1+Hor 2+P or (1 P and 2+Rx) 14.3
2 8 1+P 20.1
9 2+P 14.9
10 1+Hor1+P 20.7
11 1+Hor2+P 15.8
12 1+Hor1+Porl1l+Rx 27.5
13 1+Hor 1+ Por2+Rx 26.6
14 1+H or 2+P or (1 P and 2+Rx) 18.3
3 15 1+P 23.1
16 2+P 17.8
17 1+Hor 1+ P 23.7
18 1+Hor2+P 18.7
19 1+Horl1l+Porl+Rx 29.7
20 1+Hor1+Por2+Rx 28.7
21 1+H or 2+P or (1 P and 2+Rx) 20.8
5 22 1+P 26.9
23 2+P 21.2
24 1+Horl1+P 27.5
25 1+Hor2+P 22.1
26 1+Hor1+Porl+Rx 33.1
27 1+Hor1+Por2+Rx 31.7
28 1+H or 2+P or (1 P and 2+Rx) 23.8

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; 1-year estimates
are for 2005/06, 2-year estimates are for 2004/05 - 2005/06, 3-year estimates are for 2003/04 - 2005/06, 5-
year estimates are for 2001/02 - 2005/06.

Venn Diagrams

Venn diagrams are presented for hypertension algorithms with one or more hospital
separations or one or more physician billing claims or two or more prescription drug
records in one-, two-, three-, and five-years (i.e., algorithms #6, #13, #20, and #27). The
Venn diagrams describe the number and per cent of hypertension cases identified by each
of the three data sources for the Manitoba population 19 years of age and older. For
example, algorithm #6 resulted in the identification of 204,999 hypertension cases. Half
of the cases were identified from both physician and prescription drug data and 33% were
identified by prescription drug data alone. As expected, very few cases (0.22%) were
identified only from hospital data.
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Figure7-1: Hypertension Algorithm #6: 1+ Hospital Separationsor 1+ Physician Billing Claims or

2+ Prescription Records, 1 Year
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Figure 7-2: Hypertension Algorithm #13: 1+ Hospital Separationsor 1+ Physician Billing Claims or

2+ Prescription Records, 2 Years
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Figure 7-3: Hypertension Algorithm #20: 1+ Hospital Separationsor 1+ Physician Billing Claims or
2+ Prescription Records, 3 Years
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Figure 7-4: Hypertension Algorithm #27: 1+ Hospital Separationsor 1+ Physician Billing Claims or
2+ Prescription Records, 5 Years
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Chapter Summary

The validation results indicate that administrative data exhibit moderate to good
agreement with survey data for identifying cases of hypertension. The highest agreement
(0.71) was observed for three algorithms: the one-year algorithm based on one or more
hospital separations or one or more physician billing claims or one or more prescription
drug records, the one-year algorithm based on one hospital separations or one or more
physician billing claims or two or more prescription drug records and the five-year
algorithm based on one or more hospital separations or two or more physician billing
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claims or two or more prescription drug records in combination with a physician billing
claim.

Crude prevalence estimates of hypertension ranged from 10.1% to 33.1% for the
investigated algorithms. The algorithms with the highest values of x produced crude
prevalence estimates of 24.7%, 23.9% and 23.8% while the algorithms with the highest
values of Youden’s index produced crude prevalence estimates of 24.7%, 23.9% and
26.6% for the Manitoba population 19 years of age and older.

Sensitive algorithms for identifying diabetes cases from administrative data were
obtained with physician billing claims data alone, a combination of physician billing
claims and hospital separation data or all three sources. Although sensitivity and
Youden’s index increase with number of years, two one-year algorithms produce results
showing good agreement with survey data.
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CHAPTER 8: STROKE

Description of Stroke Algorithms

Table 8-1 lists the 24 algorithms that were investigated in this study. One algorithm in
each time period was based only on physician billing claims data, two algorithms were
based only on hospital separation data, one algorithm was based on both physician billing
claims data and hospital separation data and the remaining algorithms were based on all
three data sources. For example, algorithm #1 identified individuals as stroke cases if
they had one or more hospital separations with a stroke diagnosis code in a one-year
period. Algorithm #6 identified individuals as stroke cases if they had one or more
hospital separations or two or more physician billing claims or two or more prescription
drug records in combination with one or more physician billing claims with a stroke
diagnosis code in a one-year period. The algorithms for two-, three-, and five-years of
administrative data are interpreted in a similar fashion.

Table 8-1: Stroke algorithms selected for validation

# Years Algorithm Hospital Physician Physician Claims
Separations Claims and
or or Prescription Drug Records

1 1 1 or more

2 1 or more

3 2 or more

4 1 or more 1 or more

5 1 or more 1 or more 0 and 1 or more

6 1 or more 2 or more 1 and 2 or more
2 7 1 or more

8 1 or more

9 2 or more

10 1 or more 1 or more

11 1 or more 1 or more 0 and 1 or more

12 1 or more 2 or more 1 and 2 or more
3 13 1 or more

14 1 or more

15 2 or more

16 1 or more 1 or more

17 1 or more 1 or more 0 and 1 or more

18 1 or more 2 or more 1 and 2 or more
5 19 1 or more

20 1 or more

21 2 or more

22 1 or more 1 or more

23 1 or more 1 or more 0 and 1 or more

24 1 or more 2 or more 1 and 2 or more

Validation Results

Table 8-2 contains the point estimates for the six validation indices for each of the 24
algorithms that were investigated for stroke. The 95% Cls for the estimates are reported
in Appendix Table A.6.
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There was poor to moderate agreement between the administrative and survey data, with
x ranging from 0.01 to 0.46. The highest value was for the three-year algorithm based on
one or more hospital separations or two or more physician billing claims or two or more
prescription drug records in combination with one or more physician billing claims (i.e.,
algorithm #18). The estimate for the corresponding five-year algorithm was almost
identical (0.45).

Sensitivity was highly variable for the algorithms, ranging from 0.6% to 68.6%. It was
consistently the highest for algorithms based on one or more hospital separations or one
or more physician billing claims or one or more prescription drug records (i.e., algorithms
#5,#11,#17,#23). In all cases the highest sensitivity was observed for the five-year
algorithms.

Specificity ranged from 93.8% to 100.0% for all algorithms. Overall, the most specific
algorithms were those based on one or more hospital separations (i.e., algorithms #1, #7,
#13, and #19). The range in specificity was minimal for algorithms within the same time
period and decreased with the number of years of administrative data. Youden’s index
ranged from 0.01 to 0.62. The highest value was observed for the five-year algorithm
based on one or more hospital separations or one or more physician billing claims or one
or more prescription records (i.e., algorithm #23). Youden’s index varied minimally for
this algorithm when considering one, two, three, and five years of data.

The PPV of a stroke diagnosis ranged from 14.2% to 55.4%. The highest value was
observed for the two-year algorithm based on one or more hospital separations (i.e.,
algorithm #1). The five-year algorithm followed closely at 54.3%. The NPV of a stroke
diagnosis was above 98.5% for all of the algorithms. The highest value of 99.5% was
observed for two-, three-, and five-year algorithms based on one or more hospital
separations or one or more physician billing claims or one or more prescription drug
records (i.e., algorithm #11, #17, and #23).
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Table 8-2: Estimates of agreement, sensitivity, specificity, and predictive valuesfor stroke algorithms

# Algorithms K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+H 0.01 0.6 100.0 0.01 19.8 98.5
2 1+P 0.25 24.3 99.1 0.23 285 98.9

3 2+P 0.26 20.0 99.6 0.20 40.0 98.8

4 1+Horl+P 0.25 24.3 99.1 0.23 28.2 98.9

5 1+Horl1l+Porl+Rx 0.29 63.1 96.2 0.59 20.0 99.4

6 1+ Hor2+Por (1P and2+ Rx) 0.29 23.6 99.5 0.23 40.5 98.9

2 7 1+H 0.12 6.8 99.9 0.07 55.4 98.6
8 1+P 0.35 39.3 98.8 0.38 33.0 99.1

9 2+P 0.41 35.7 99.5 0.35 50.7 99.0

10 1+Hor1l+P 0.35 39.7 98.8 0.38 32.7 99.1

11 1+ Hor 1+ P or 1+ Rx 0.26 65.2 95.3 0.61 17.3 99.5

12 1+ Hor 2+ P or (1 P and 2+ Rx) 0.42 39.3 99.3 0.39 46.3 99.1

3 13 1+H 0.21 134 99.8 0.13 52.4 98.7
14 1+P 0.38 48.0 98.6 0.47 33.2 99.2

15 2+P 0.42 395 99.3 0.39 45.8 99.1

16 1+Hor1+P 0.38 48.6 98.5 0.47 32.8 99.2

17 1+ Hor 1+ P or 1+ Rx 0.23 65.2 94.7 0.60 15.6 99.5

18 1+ Hor 2+ P or (1 P and 2+ Rx) 0.46 48.2 99.1 0.47 44.7 99.2

5 19 1+H 0.31 22.6 99.7 0.22 54.3 98.9
20 1+P 0.36 52.4 98.1 0.50 28.7 99.3

21 2+P 0.40 43.1 99.0 0.42 39.0 99.1

22 1+Horl+P 0.37 56.1 98.0 0.54 29.5 99.3

23 1+ Hor1+Por 1+ Rx 0.22 68.6 93.8 0.62 14.2 99.5

24 1+ Hor 2+ P or (1 P and 2+ Rx) 0.45 55.7 98.7 0.54 38.6 99.3

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive

Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are

reported in Appendix A.

Provincial Estimates

Crude Prevalence Estimates

Crude prevalence estimates for the 24 stroke algorithms are reported in Table 8-3 for
each of the 24 algorithms. There was substantial variability within and across the one-,
two-, three-, and five-year sets of algorithms. The algorithm with the highest estimate of
K (i.e., algorithm #18) produced a crude prevalence estimate of 1.3%. The algorithm with
a similar « (i.e., algorithm #24) also produced a crude prevalence estimate of 1.3%. The
algorithm that resulted in the highest sensitivity and Youden’s index (i.e., algorithm #23)
produced crude prevalence estimates of 7.1%. The crude prevalence rate for algorithms
based on one or more hospital separations or one or more physician billing claims or one

or more prescription drug records (i.e., algorithms #5, #11, #17, and #23) produced
substantially higher crude prevalence rates in comparison to all other algorithms.
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Table 8-3: Crude provincial prevalence estimatesfor stroke, 2001/02 -2005/06

# Algorithm Prevalence
Years Estimates (%)
1 1 1+H 0.2
2 1+P 1.0
3 2+P 0.5
4 1+Horl+P 1.0
5 1+Horl+Porl+ Rx 6.1
6 1+Hor2+Por (1 P and 2+Rx) 0.7
2 7 1+H 0.4
8 1+P 1.6
9 2+P 0.9
10 1+Horl+P 1.6
11 1+ Hor1+P orl1+ Rx 7.3
12 1+Hor 2+P or (1 P and 2+Rx) 1.2
3 13 1+H 0.4
14 1+P 1.6
15 2+P 0.9
16 1+Horl+P 1.7
17 1+ Hor 1+ P or 1+ Rx 8.0
18 1+Hor2+Por (1 P and 2+Rx) 1.3
5 19 1+H 0.4
20 1+P 1.6
21 2+P 1.0
22 1+Hor1+P 1.7
23 1+ Horl1l+Porl+ Rx 7.1
24 1+Hor 2+Por (1 P and 2+RXx) 1.3

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; 1-year estimates
are for 2005/06, 2-year estimates are for 2004/05 - 2005/06, 3-year estimates are for 2003/04 - 2005/06, 5-
year estimates are for 2001/02 - 2005/06.

Venn Diagrams

Venn diagrams are presented for the algorithms based on one or more hospital
separations or two or more physician billing claims or two or more prescription drug
records in combination with one or more physician billing claims in one, two, three, and
five years of data (i.e., algorithms #6, #12, #18, and #24). The Venn diagrams describe
the number and per cent of stroke cases identified by each of the three data sources for
the Manitoba population 19 years of age and older.
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Figure8-1: Stroke Algorithm #6: 1+ Hospital Separationsor 2+ Physician Billing Claimsor 1
Physician Billing Claim & 2+ Prescription Records, 1 Year

Hospital Physician

546 1,511
| 8.7% 24.0%

Prescription

N = 6,283

Figure 8-2: Stroke Algorithm #12: 1+ Hospital Separationsor 2+ Physician Billing Claimsor 1
Physician Billing Claim & 2+ Prescription Records, 2 Years

Hospital Physician

1,013 2,485

9.7% 23.8%

476 2,595
4.6% 24.9%

Prescription

N = 10,425




Figure 8-3: Stroke Algorithm #18: 1+ Hospital Separationsor 2+ Physician Billing Claimsor 1
Physician Billing Claim & 2+ Prescription Records, 3 Years

Hospital Physician

923 2,356
8.8% 22.4%

Prescription

N =10,526

Figure 8-4: Stroke Algorithm #24: 1+ Hospital Separationsor 2+ Physician Billing Claimsor 1
Physician Billing Claim & 2+ Prescription Records, 5 Years

Hospital Physician
695 1,986

6.5% 18.6%

Prescription

N = 10,689

Chapter Summary

The validation results indicate that administrative data exhibit poor to moderate
agreement with survey data for identifying cases of stroke. The highest agreement (0.46)
was observed for the algorithm based on one or more hospital separations or two or more
physician billing claims or two or more prescription drug records in combination with
one or more physician billing claims over three years. Crude prevalence estimates of
asthma ranged from 0.2% to 8.0% for the investigated algorithms. The algorithms with
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the highest values of ¥ and Youden’s index produced crude prevalence rates of 1.3% and
7.1% respectively.

The results of the validation study indicated that using only a single hospital separation
resulted in an algorithm with very poor agreement and sensitivity. Algorithms including
only physician billing claims data were improved, however a combination of all three
data sets offered the highest level of agreement when prescription drug records were
paired with physician billing claims data. The level of agreement between administrative
and survey data increased with number of years for all but one algorithm.
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CHAPTER 9: IRRITABLE BOWEL SYNDROME

Description of Irritable Bowel Syndrome Algorithms

Table 9-1 lists the 20 algorithms that were investigated for IBS in this study. The IBS
algorithms were based on as many as five years of hospital separation and physician
billing claims data. Prescription drug records were not used to define the algorithms
because there has been because prescription drugs have not been found to be useful to
distinguish IBS cases from non-cases in administrative data (Legoretta, Ricci,
Markowitz, & Jhingran, 2002). The number of physician billing claims varied from one
to five or more. For example, algorithm #1 identified individuals as IBS cases if they had
one or more hospital separations or one or more physician billing claims. The algorithms
for two-, three-, and five-years of administrative data are interpreted in a similar fashion.

It is important to note that IBS can only be definitively identified in administrative data
using a four-digit ICD-9-CM code (i.e., ICD-9-CM 564.1). In Manitoba’s physician
claims data only a three-digit code are available, which captures a variety of non-specific
gastrointestinal conditions. This was expected to have a negative influence on specificity
of the case ascertainment algorithms.

Table 9-1: Irritable bowel syndrome algorithms selected for validation
# Years Algorithm Hospital  Physician Claims

Separations
or

1 1 1 or more 1 or more
2 1 or more 2 or more
3 1 or more 3 or more
4 1 or more 4 or more
5 1 or more 5 or more
2 6 1 or more 1 or more
7 1 or more 2 or more
8 1 or more 3 or more
9 1 or more 4 or more
10 1 or more 5 or more
3 11 1 or more 1 or more
12 1 or more 2 or more
13 1 or more 3 or more
14 1 or more 4 or more
15 1 or more 5 or more
5 16 1 or more 1 or more
17 1 or more 2 or more
18 1 or more 3 or more
19 1 or more 4 or more
20 1 or more 5 or more
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Validation Results

Table 9-2 contains the point estimates for the six validation indices for each of the 20
algorithms that were investigated for IBS. The 95% ClIs for the estimates are reported in
Appendix Table A.7.

There was poor to fair agreement between the administrative and survey data, with x
ranging from 0.00 to 0.24. The highest value was for the five-year algorithm with one or
more hospital separations or two or more physician billing claims (i.e., algorithm #17).
The estimates for all five-year algorithms except that for one or more hospital separations
or five or more physician billing claims (i.e., algorithm #20) were within 0.03 of the
highest value. In general, there was a direct relationship between kappa and number of
years and an inverse relationship between kappa and the number of physician billing
claims.

Sensitivity ranged from 0.0% to 33.7% for the algorithms. It was consistently the highest
for algorithms based on one or more hospital separations or one or more physician claims
(ie., algorithms #1, #6, #11, and #16), with the highest value being observed for the five-
year algorithm. Specificity was surprisingly high for all algorithms, ranging from 95.7%
to 100.0%. Youden’s index ranged from 0.01 to 0.29. The highest value was observed
for the five-year algorithm with one or more hospital separations or one or more
physician billing claims (i.e., algorithm #16).

The PPV of an IBS diagnosis ranged from 18.9% to 100.0%, although the latter value is
misleading because it is associated with a sensitivity of 0.0%. The NPV of an IBS
diagnosis was a minimum of 96.9%, with the highest value observed for the five-year
algorithm based on one or more hospital separations or one or more physician billing
claims (i.e., algorithm #16).
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Table 9-2: Estimates of agreement, sensitivity, specificity, and predictive valuesfor irritable bowel

syndrome

# Algorithm K Sens. Spec. Youden PPV NPV
Years (%) (%) (%) (%)
1 1 1+Hor1+P 0.11 9.3 98.9 0.08 21.2 97.2
2 1+ Hor 2+ P 0.05 3.5 99.6 0.03 22.1 97.0

3 1+Hor3+P 0.04 2.2 99.9 0.02 36.5 97.0

4 1+ Hor4+P 0.03 1.4 100.0 0.01 70.3 97.0

5 1+ Hor 5+ P 0.00 0.0 100.0 0.00 100.0 96.9

2 6 1+Hor1+P 0.20 19.8 98.2 0.18 25.7 97.5
7 1+ Hor2+P 0.06 4.7 99.4 0.04 18.9 97.1

8 1+Hor3+P 0.06 3.6 99.7 0.03 28.7 97.0

9 1+ Hor4+P 0.03 2.0 99.9 0.02 30.2 97.0

10 1+ Hor 5+ P 0.01 0.6 99.9 0.01 20.4 96.9

3 11 1+Hor1+P 0.22 25.6 97.4 0.23 24.0 97.6
12 1+Hor2+P 0.13 9.8 99.2 0.09 28.1 97.2

13 1+Hor3+P 0.11 6.6 99.7 0.06 41.4 97.1

14 1+ Hor 4+ P 0.07 3.9 99.8 0.04 45.2 97.0

15 1+ Hor 5+ P 0.02 0.9 99.9 0.01 26.0 97.0

5 16 1+Hor1+P 0.22 33.7 95.7 0.29 19.8 97.9
17 1+ Hor2+P 0.24 22,5 98.3 0.21 29.8 97.6

18 1+Hor3+P 0.22 15.9 99.3 0.15 42.2 97.4

19 1+ Hor 4+ P 0.21 13.2 99.7 0.13 58.7 97.3

20 1+ Hor 5+ P 0.06 3.3 99.9 0.03 45.8 97.0

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; PPV = Positive
Predictive Value; NPV = Negative Predictive Value; 95% confidence intervals for all estimates are
reported in Appendix A.

Provincial Estimates

Crude Prevalence Estimates

Provincial prevalence estimates for the 20 algorithms for IBS are reported in Table 9-3.
There was substantial variability within and across the one-, two-, three-, and five-year

sets of algorithms. The algorithm with the highest estimate of x (0.24) produced a crude
prevalence estimate of 2.6% (i.e., algorithm #17). The algorithms with the second

highest estimate (0.22) produced crude prevalence estimates of 4.2%, 6.3%, and 1.3%

(i.e., algorithms #11, #16 and #18). The algorithm that resulted in the highest sensitivity
and Youden’s index (i.e., algorithm #16) produced a crude prevalence estimate of 6.3%.

For each algorithm set the crude prevalence rate decreased with physician claims and
increased with number of years.
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Table 9-3: Crude provincial prevalence estimatesfor irritable bowel syndrome, 2001/02 -2005/06

# Algorithm Prevalence
Years Estimates (%)
1 1 1+Hor 1+P 1.7
2 1+H or 2+P 0.5
3 1+H or 3+P 0.2
4 1+H or 4+P 0.1
5 1+H or 5+P 0.1
2 6 1+H or 1+P 3.0
7 1+H or 2+P 1.1
8 1+H or 3+P 0.5
9 1+H or 4+P 0.3
10 1+H or 5+P 0.2
3 11 1+Hor 1+P 4.2
12 1+H or 2+P 1.6
13 1+H or 3+P 0.8
14 1+H or 4+P 0.4
15 1+H or 5+P 0.3
5 16 1+H or 1+P 6.3
17 1+H or 2+P 2.6
18 1+H or 3+P 1.3
19 1+H or 4+P 0.8
20 1+H or 5+P 0.5

Note: H = Hospital separation; P = Physician billing claim; Rx = Prescription drug record; 1-year estimates
are for 2005/06, 2-year estimates are for 2004/05 - 2005/06, 3-year estimates are for 2003/04 - 2005/06, 5-
year estimates are for 2001/02 - 2005/06.

Venn Diagrams

Venn diagrams are presented for the algorithms based on one or more hospital
separations or two or more physician billing claims in one-, two-, three-, and five-years
(i.e., algorithms #2, #7, #12, and #17). The Venn diagrams describe the number and
percent of IBS cases identified by each of the two data sources for the Manitoba
population 19 years and older. For example, algorithm #2 resulted in the identification of
4,529 cases. Almost all (97.2%) of these cases were identified from physician claims
data. This indicates that there is little to be gained from using hospital separation data to
ascertain IBS cases.
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Figure 9-1: Irritable Bowel Syndrome Algorithm #2: 1+ Hospital Separations or 2+ Physician Billing

Claims, 1 Year

Hospital Physician

N = 4,529

Figure 9-2: Irritable Bowel Syndrome Algorithm #7: 1+ Hospital Separations or 2+ Physician Billing

Claims, 2 Years

Hospital Physician

N =9,159

Figure 9-3: Irritable Bowel Syndrome Algorithm #12: 1+ Hospital Separationsor 2+ Physician
Billing Claims, 3 Years

Hospital Physician

N = 13,455
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Figure 9-4: Irritable Bowel Syndrome Algorithm #17: 1+ Hospital Separationsor 2+ Physician
Billing Claims, 5 Years

Hospital Physician

N =20,631

Chapter Summary

The validation results indicate that administrative data exhibit poor to fair agreement with
survey data for identifying cases of irritable bowel syndrome. The highest agreement
(0.24) was observed by the five-year algorithm based on one or more hospital separations
or two or more physician billing claims. However, as the Venn diagrams reveal, very few
cases of irritable bowel syndrome are identified from hospital data.

Crude prevalence estimates of irritable bowel syndrome ranged from 0.1 to 6.3 per cent
for the investigated algorithms, figures which are substantially lower than estimates that
have been reported in the literature. The algorithm with the highest value of x produced a
crude estimate of 4.2 per cent.

Both sensitivity and Youden’s index increased with the number of years of administrative

data. There was very little trade-off between sensitivity and specificity for different
algorithms; both were very high for all of the algorithms that were investigated.
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CHAPTER 10: CONCLUSIONS AND RECOMMENDATIONS

This report follows the initial research of Lix et al. (2006) to evaluate the use of
Manitoba’s administrative data to identify chronic disease cases. The research adds to the
body of literature on validation studies of administrative data by confirming the results
obtained by Lix et al. and also by identifying relevant ICD-10-CA codes for ascertaining
chronic disease cases in administrative data. The similarity of the current results to those
obtained by Lix et al. show that the change in classification systems has had little impact
on the ability to ascertain cases of chronic disease in administrative data. For some
diseases, such as asthma, this consistency of findings occurs because relatively few cases
are identified solely from diagnoses in hospital separation abstracts. For other diseases,
such as diabetes, for which a relatively larger proportion of cases are ascertained solely
from administrative data, the results should help to ease concerns about comparability of
prevalence estimates over time.

Table 10-1 summarizes the algorithms with the maximum estimates of , sensitivity,
specificity, and Youden’s index for each chronic disease. Crude provincial estimates are
also provided for each algorithm. For some diseases more than one algorithm had
equivalent (or near equivalent) maximum estimates of these validation indices. In this
table, we report on the algorithm that had the highest numeric value of a statistic but
required the fewest number of years of data, the fewest number of data sources, or the
fewer number of contacts in administrative data.

The summary results in this table are consistent with those reported by Lix et al., (2006),
although not always identical. For example, for osteoarthritis, the algorithm with the
maximum estimate of sensitivity and Youden’s index is an algorithm based on two or
more physician claims in five years; it results in a prevalence estimate of 14.5%.
However, in the 2006 report, the algorithm with maximum estimates of sensitivity and
Youden’s index was the algorithm based on one or more physician claims in five years,
which resulted in a prevalence estimate of 13.2%. Overall, however, the same set of data
sources (i.e., physician claims only) and years of data defined the algorithm.
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Table 10-1: Crude provincial prevalence estimatesfor chronic disease algorithmswith the maximum

estimatesof , sensitivity, specificity, and Youden’sindex
Chronic Algorithm Sens. Spec. Youden’'s Prev.
Disease (%) (%) Index (%)
Arthritis 1+Hor2+Por (1P & 0.38 48.7 88.0 0.37 20.4
2+ RX), 2 yrs
1+ P, 5yrs 0.28 78.2 61.5 0.40 47.6
2+ P, 1lyr 0.28 26.7 95.4 0.22 9.4
2+ P, 5yrs 0.37 66.6 76.9 0.44 31.8
Rheumatoid 1+ P, 5yrs 0.21 14.4 99.3 0.14 1.6
Arthritis 2+ P, 1lyr 0.16 9.6 99.9 0.10 0.5
Osteoarthritis 1+ P, 3 yrs 0.35 42.9 93.2 0.36 11.0
2+ P, 5yrs 0.35 52.4 90.0 0.42 145
2+ P, 1lyr 0.23 16.4 98.9 0.15 2.4
Asthma 1+ H or 2+ P or 2+ Rx, 0.56 65.9 95.6 0.62 9.6
(All Ages) 3yrs
1+ Hor 1+ P or 1+ R, 0.44 84.1 87.9 0.72 17.9
5yrs
2+ P, 1yr 0.26 17.9 99.3 0.17 2.0
Coronary 1+Hor2+Por (1P & 0.50 63.0 96.4 0.59 7.2
Heart Disease 2+ Rx), 5 yrs
1+ Hor 1+ P or 1+ Rx, 0.21 84.7 79.0 0.64 10.6
5yrs
2+ P, 1lyr 0.37 28.0 99.2 0.27 5.1
Diabetes 1+ H or 2+ P or 1+ Rx, 0.87 85.9 99.4 0.85 6.7
1yr
1+ Hor 1+ P or 1+ Rx, 0.75 94.4 97.2 0.92 10.6
5yrs
1+Hor2+ P, 1yr 0.78 69.9 99.6 0.69 51
Hypertension 1+ Hor 1+ P or 1+ RX, 0.70 78.5 924 0.71 24.7
1yr
1+ Hor 1+ P or 1+ RX, 0.61 84.2 84.4 0.69 33.1
5yrs
2+ P, 1yr 0.49 40.9 98.6 0.39 10.1
Stroke 1+Hor2+Por (1P & 0.46 48.2 90.1 0.47 1.3
2+ Rx), 3 yrs
1+ Hor 1+ P or 1+ Rx, 0.22 68.6 93.8 0.62 7.1
5yrs
1+H, 1yr 0.01 0.6 100.0 0.01 0.2
Irritable Bowel 1+ H or 2+ P, 5yrs 0.24 22.5 98.3 0.21 2.6
Syndrome 1+Hor 1+ P, 5yrs 0.22 33.7 95.7 0.29 6.3
1+ Hor4+ P, 1yr 0.03 1.4 100.0 0.01 0.1

Note: Values in bold are the maximum

, sensitivity, specificity, or Youden'’s index values. All

prevalence estimates are defined for the population 19 years of age and older except for asthma,
which is defined for the population 12 years of age and older.
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Appendix: Confidence Intervals for Validation Indices
Table A.1: 95% confidenceintervalsfor validation indicesfor all arthritisalgorithms, 19+ years

# of Years Algorithm K Sensitivity Specificity PPV NPV

Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+P 0.32 032 032 431 429 434 876 875 87.7 485 483 488 851 850 851
2 2+ P 0.28 0.28 0.28 26.7 265 269 954 954 955 612 609 61.6 828 827 829

3 1+Hor2+P 0.28 0.28 0.29 272 269 274 954 0953 954 613 61.0 61.7 829 828 83.0

4 1+Hor2+Por (1P &2+ Rx) 0.34 034 034 342 339 344 942 941 943 615 61.1 61.8 84.1 84.0 84.2

2 5 1+P 0.33 033 034 588 585 59.0 79.0 788 79.1 431 429 433 876 875 87.7
6 2+ P 035 035 035 416 414 419 904 903 905 541 538 544 851 850 852

7 1+Hor2+P 035 035 035 418 415 421 903 903 904 540 537 543 851 851 852

8 1+Hor2+Por (1P &2+ Rx) 0.38 0.37 0.38 48.7 484 489 88.0 879 88.1 524 521 527 86.4 86.3 86.4

3 9 1+P 031 031 031 681 679 684 713 711 714 391 389 393 89.2 89.1 893
10 2+P 0.37 037 037 518 515 521 857 856 858 495 493 49.8 86.8 86.7 86.9

11 1+Hor2+P 0.37 037 037 519 516 521 856 855 857 494 49.1 496 86.8 86.7 86.9

12 1+Hor2+Por (1P &2+ Rx) 0.36 0.36 0.37 58.6 583 589 814 813 815 461 459 46.3 87.9 87.8 88.0

5 13 1+P 028 027 028 782 780 784 615 613 616 355 353 356 912 911 91.3
14 2+P 0.37 036 037 66.6 66.4 669 769 76.8 77.0 439 437 441 895 894 89.6

15 1+Hor2+P 0.36 036 0.37 66.7 664 669 76.7 766 76.8 437 43.4 439 895 894 89.6

16 1+Hor2+Por (1P &2+ Rx) 035 034 035 717 715 719 723 722 724 412 410 414 904 903 905

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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Table A.2: 95% confidenceintervalsfor validation indicesfor rheumatoid arthritis algorithms, 19+ years

# of Years Algorithm K Sensitivity Specificity PPV NPV

Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+P 0.17 0.17 0.18 106 103 110 998 998 998 70.0 686 71.3 96.0 959 96.0
2 2+P 0.16 0.16 0.17 96 93 100 999 999 999 811 79.8 824 959 959 96.0

3 1+Hor2+P 0.17 0.16 0.17 99 95 102 999 999 999 814 80.2 827 959 959 96.0

4 1+Hor2+Por (1P &2+ Rx) 0.17 0.16 0.18 101 9.7 104 999 999 999 787 774 80.0 959 959 96.0

2 5 1+ P 0.18 0.17 0.18 11.2 109 116 996 996 99.6 57.7 56.4 59.0 96.0 959 96.0
6 2+ P 0.17 0.16 0.17 10.2 9.8 105 99.8 998 998 69.2 678 706 959 959 96.0

7 1+Hor2+P 0.17 0.16 0.17 10.2 9.8 105 99.8 998 998 69.2 678 706 959 959 96.0

8 1+Hor2+Por (1P &2+ Rx) 0.17 0.16 0.17 104 100 10.7 998 99.7 998 66.5 651 67.8 959 959 96.0

3 9 1+P 0.19 0.19 0.20 124 121 128 996 996 996 576 564 588 96.0 96.0 96.1
10 2+P 0.17 0.17 0.18 106 10.2 109 998 998 998 69.3 679 706 959 959 96.0

11 1+Hor2+P 0.17 0.17 0.18 106 10.2 109 99.8 998 998 693 679 706 959 959 96.0

12 1+Hor2+Por (1P &2+ Rx) 0.18 0.18 0.19 11.3 110 11.7 99.7 997 99.8 67.7 66.4 69.0 96.0 959 96.0

5 13 1+P 0.21 020 021 144 140 148 99.3 993 993 49.7 48.6 50.7 961 96.1 96.1
14 2+P 0.20 020 0.21 144 140 148 99.3 993 993 49.7 48.6 50.7 961 096.1 96.1

15 1+Hor2+P 0.20 0.20 0.21 132 128 136 996 996 996 59.7 585 609 96.1 96.0 96.1

16 1+Hor2+Por(1P &2+ Rx) 020 0.20 0.21 133 129 136 996 995 996 585 574 597 96.1 96.0 96.1

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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Table A.3: 95% confidenceintervalsfor validation indicesfor osteoarthritisalgorithms, 19+ years

# of Years Algorithm K Sensitivity Specificity PPV NPV

Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+P 0.30 030 031 275 272 279 96.8 968 969 489 484 494 924 0923 925
2 2+P 0.23 022 0.23 164 16.2 167 989 988 989 616 609 623 915 914 0916

3 1+Hor2+P 0.23 023 0.23 168 165 170 988 988 988 606 599 61.3 915 915 0916

4 1+ Hor2+Por (1P &2+ Rx) 0.29 028 0.29 229 226 233 980 980 98.1 56.3 558 569 921 92.0 921

2 5 1+ P 0.33 032 033 354 350 358 948 948 949 429 425 433 930 930 0931
6 2+ P 029 029 029 238 235 241 979 979 979 554 548 56.0 921 921 922

7 1+Hor2+P 029 029 029 239 236 242 978 978 978 543 537 549 921 921 922

8 1+Hor2+Por (1P &2+ Rx) 0.33 033 0.34 312 30.8 315 966 965 96.6 50.0 49.6 505 92.7 92.7 928

3 9 1+P 035 035 036 429 426 433 932 932 933 41.1 40.7 414 937 93.6 938
10 2+P 031 031 032 28.0 277 283 97.0 970 970 506 501 511 925 924 925

11 1+Hor2+P 0.31 031 031 281 27.8 285 969 968 969 49.7 49.2 50.2 925 924 925

12 1+Hor2+Por (1P &2+ Rx) 0.34 034 035 36.7 36.3 371 949 948 949 441 437 445 932 93.1 932

5 13 1+P 0.35 035 036 524 520 527 900 899 90.1 365 36.2 36.8 945 944 946
14 2+P 0.34 034 035 353 349 357 954 954 955 459 454 46.3 931 093.0 0931

15 1+Hor2+P 034 034 034 354 350 358 953 953 954 453 449 457 931 930 931

16 1+Hor2+Por(1P &2+ Rx) 0.35 035 0.36 46.2 458 466 92.1 920 92.2 39.2 388 395 94.0 939 940

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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Table A.4: 95% confidenceintervalsfor validation indicesfor asthma algorithms, 19+ years

# of Years Algorithm K Sensitivity Specificity PPV NPV

Estt LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+P 0.37 036 0.37 287 283 291 98.7 98.7 987 641 634 647 945 945 946
2 2+P 0.26 025 026 179 175 182 993 993 993 669 66.1 67.7 938 93.7 939

3 1+Rx 052 051 052 570 56.6 574 961 96.0 96.1 538 534 542 965 965 966

4 1+Horl+P 0.38 0.37 038 30.1 29.7 305 986 985 986 626 619 632 946 946 947

5 1+Hor2+P 0.27 0.27 0.27 19.2 189 196 991 99.1 99.2 638 63.0 64.6 939 938 939

6 1+Horl+Porl+Rx 052 052 053 605 601 610 956 955 956 522 518 526 968 96.8 968

7 1+Hor2+Por2+Rx 050 049 050 472 468 476 97.6 975 976 60.7 60.2 61.2 959 958 959

2 8 1+P 0.42 042 042 389 385 393 975 974 975 552 546 557 952 952 953
9 2+P 0.34 033 034 269 265 273 985 984 985 584 577 59.0 944 943 945

10 1+Rx 0.50 050 050 653 648 657 940 939 941 465 46.1 469 971 97.1 972

11 1+Horl1l+P 0.43 043 043 408 403 412 973 972 973 544 539 549 0954 0953 954

12 1+Hor2+P 035 035 035 288 284 292 982 98.2 983 56.8 56.2 574 945 945 946

13 1+Horl+Porl+Rx 049 048 049 686 682 69.0 930 929 930 438 434 441 974 973 974

14 1+Hor2+Por2+Rx 054 054 054 59.0 586 595 96.3 96.2 963 56.0 555 56.4 967 96.7 96.8

3 15 1+P 0.48 0.48 048 49.0 486 495 96.7 96.7 968 546 541 551 960 959 960
16 2+P 042 041 042 365 360 369 98.0 979 980 59.0 585 596 951 950 951

17 1+Rx 051 050 051 724 720 728 928 928 929 447 444 451 977 976 97.7

18 1+Horl+P 049 049 049 512 508 517 965 965 96.6 542 538 547 961 96.1 96.2

19 1+Hor2+P 043 043 043 386 382 391 978 977 978 579 574 585 952 952 953

20 1+Horl+Porl+Rx 048 048 048 744 740 748 914 913 915 410 406 413 978 97.8 978

21 1+Hor2+Por2+Rx 056 056 057 659 655 663 956 956 957 546 54.2 550 972 97.2 973

5 22 1+P 0.50 0.49 050 603 59.8 607 949 949 0950 48.6 482 49.0 968 96.7 9638
23 2+P 0.48 048 049 488 484 493 968 968 969 553 548 557 959 959 960

24 1+ Rx 0.48 047 048 80.6 803 810 90.1 900 90.2 394 391 39.7 983 983 983

25 1+Horl1+P 0.50 0.49 050 615 611 620 947 947 948 482 478 486 969 96.8 96.9

26 1+Hor2+P 0.48 048 049 50.1 49.7 506 96.6 96.6 96.7 543 538 547 96.0 96.0 96.1

27 1+Horl+Porl+Rx 0.44 044 045 84.1 838 844 879 879 880 358 355 36.1 986 985 986

28 1+Hor2+Por2+Rx 055 055 056 751 747 755 938 93.7 93.8 49.1 487 494 979 979 98.0

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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Table A.5: 95% confidenceintervalsfor validation indicesfor coronary heart disease algorithms, 19+ years

# Years Algorithm K Sensitivity Specificity PPV NPV

Estt LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+P 0.41 040 041 352 347 358 986 986 987 551 544 558 969 969 97.0
2 2+P 0.37 0.36 0.37 28.0 275 285 99.2 99.2 99.2 622 614 63.0 966 96.6 96.7

3 1+Horl+P 042 041 042 364 359 370 986 985 986 551 544 558 970 970 97.0

4 1+Hor2+P 0.38 0.37 0.39 29.3 288 298 99.1 99.1 99.2 619 61.1 627 967 96.6 96.7

5 1+Hor1+Por1+Rx 0.23 0.23 0.24 80.8 804 813 820 820 821 17.8 17.6 180 989 98.9 989

6 1+Hor1+P or 2+ Rx 0.23 0.23 023 741 736 746 834 833 835 177 175 179 0985 985 98.6

7 1+Hor2+Por(lPand2+Rx) 042 041 043 359 353 364 987 98.7 987 573 56.6 580 970 96.9 97.0

2 8 1+P 0.46 0.46 047 454 449 460 98.0 979 98.0 51.8 512 524 974 974 974
9 2+P 0.41 040 042 36.3 357 368 985 985 985 535 528 541 970 969 97.0

10 1+Hor1+P 0.47 0.47 048 472 46.6 477 979 979 980 521 515 527 975 974 975

11 1+Hor2+P 0.43 042 043 383 378 389 984 984 984 537 53.0 543 971 97.0 97.1

12 1+Hor 1+ P or 1+ Rx 0.22 0.22 023 811 806 815 812 811 813 171 169 173 989 98.9 98.9

13 1+Hor 1+ Por 2+ Rx 023 022 023 773 769 778 824 823 824 174 172 17.6 987 98.7 987

14 1+Hor2+Por(1Pand2+Rx) 048 047 048 46.8 463 474 981 980 98.1 538 532 544 975 974 0975

3 15 1+P 0.48 0.47 048 522 516 527 973 972 973 48.0 475 486 977 97.7 977
16 2+P 0.44 043 044 429 424 435 98.0 979 98.0 50.2 49.6 508 973 972 973

17 1+Hor1+P 0.48 0.47 048 54.0 535 546 971 971 972 473 46.8 479 978 97.7 978

18 1+Hor2+P 0.45 0.44 045 452 446 457 97.8 97.7 978 492 486 498 974 973 974

19 1+Hor 1+ P or 1+ Rx 0.22 0.22 0.22 828 824 833 804 803 805 169 16.7 17.1 990 99.0 99.0

20 1+Hor 1+ P or 2+ Rx 022 022 022 788 783 792 816 816 817 171 169 173 988 98.7 98.8

21 1+Hor2+Por(1Pand2+Rx) 0.49 048 049 536 530 541 973 973 974 491 486 49.7 978 97.7 978

5 22 1+P 0.48 0.47 048 60.6 60.0 611 96.2 96.1 96.2 431 426 436 981 980 098.1
23 2+P 0.47 0.46 047 515 509 520 973 972 973 475 46.9 480 977 976 977

24 1+Horl+P 0.49 048 049 634 629 640 96.0 959 96.0 432 427 437 982 98.2 98.2

25 1+Hor2+P 0.48 0.48 049 549 543 554 971 970 97.1 473 46.8 478 978 97.8 979

26 1+Hor 1+ P or 1+ Rx 021 0.21 021 847 843 851 79.0 789 79.1 162 16.0 164 991 99.1 099.1

27 1+Hor 1+ P or 2+ Rx 0.22 0.21 0.22 803 799 808 80.8 80.7 80.8 16.7 165 169 988 98.8 98.9

28 1+Hor2+Por(1Pand2+Rx) 0.50 050 051 63.0 624 635 964 96.3 96.4 454 449 459 0982 98.2 98.2

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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Table A.6: 95% confidenceintervalsfor validation indicesfor diabetes algorithms, 19+ years

# of Years

Algorithm

K

Sensitivity

Specificity

PPV

NPV

O~NO O A~ WNPE

1+P

2+P

1+Hor 1+ P
1+Hor2+P

1+ Hor 1+ P or 1+ Rx
1+ Hor 2+ P or 1+ Rx
1+ Hor 1+ P or 2+ Rx
1+ Hor 2+ P or 2+ Rx

Est.

0.78
0.76
0.79
0.78
0.83
0.87
0.84
0.87

LCL
0.78
0.76
0.78
0.77
0.83
0.86
0.83
0.86

UCL
0.79
0.77
0.79
0.78
0.84
0.87
0.84
0.87

Est.
77.6
67.8
78.8
69.9
87.6
85.9
87.4
85.0

LCL
77.2
67.3
78.4
69.4
87.2
85.6
87.1
84.6

UCL
78.1
68.3
79.2
70.4
87.9
86.3
87.8
85.4

Est.
99.0
99.6
99.0
99.6
98.9
99.4
98.9
99.5

LCL
99.0
99.6
98.9
99.6
98.9
99.4
98.9
99.4

UCL
99.0
99.6
99.0
99.6
98.9
99.4
99.0
99.5

Est.
81.0
90.6
80.7
90.2
81.1
89.0
81.8
89.7

LCL
80.6
90.3
80.3
89.8
80.7
88.6
81.4
89.4

UCL
814
91.0
81.2
90.5
815
89.3
82.2
90.0

Est.
98.8
98.3
98.8
98.4
99.3
99.2
99.3
99.2

LCL
98.8
98.2
98.8
98.3
99.3
99.2
99.3
99.2

UCL
98.8
98.3
98.9
98.4
99.3
99.3
99.3
99.2

16

1+P

2+P

1+Hor 1+ P
1+Hor2+P

1+ Hor 1+ P or 1+ Rx
1+ Hor 2+ P or 1+ Rx
1+ Hor 1+ P or 2+ Rx
1+ Hor 2+ P or 2+ Rx

0.77
0.82
0.77
0.83
0.80
0.86
0.81
0.87

0.77
0.82
0.77
0.82
0.80
0.86
0.81
0.86

0.78
0.82
0.78
0.83
0.80
0.86
0.81
0.87

84.8
80.0
85.6
81.9
92.6
90.0
92.4
89.5

84.5
79.6
85.2
815
92.3
89.6
92.1
89.2

85.2
80.5
86.0
82.3
92.8
90.3
92.7
89.8

98.3
99.3
98.2
99.2
98.1
99.0
98.2
99.2

98.3
99.3
98.2
99.2
98.0
99.0
98.2
99.1

98.3
99.3
98.3
99.3
98.1
99.1
98.2
99.2

73.0
86.0
72.6
85.3
72.3
83.6
73.7
85.5

72.6
85.6
72.2
84.9
71.9
83.2
73.3
85.1

73.4
86.4
73.0
85.7
72.8
84.0
74.1
85.8

99.2
98.9
99.2
99.0
99.6
99.4
99.6
99.4

99.1
98.9
99.2
99.0
99.6
99.4
99.6
99.4

99.2
98.9
99.2
99.0
99.6
99.5
99.6
99.4

3 17
18
19
20
21
22
23
24

1+P

2+P

1+Hor 1+ P
1+Hor2+P

1+ Hor 1+ P or 1+ Rx
1+ Hor 2+ P or 1+ Rx
1+ Hor 1+ P or 2+ Rx
1+ Hor 2+ P or 2+ Rx

0.76
0.83
0.76
0.83
0.77
0.85
0.78
0.86

0.75
0.82
0.76
0.83
0.77
0.84
0.78
0.85

0.76
0.83
0.76
0.83
0.78
0.85
0.78
0.86

88.1
84.5
88.9
86.1
93.4
91.8
93.2
91.7

87.8
84.1
88.5
85.7
93.1
91.5
93.0
91.4

88.5
84.9
89.2
86.5
93.6
92.1
93.5
92.0

97.8
99.0
97.8
99.0
97.6
98.7
97.7
98.9

97.8
99.0
97.7
98.9
97.5
98.7
97.7
98.9

97.8
99.0
97.8
99.0
97.6
98.8
97.7
98.9

68.7
82.4
68.3
82.0
67.8
79.9
69.0
81.9

68.2
82.1
67.9
81.6
67.4
79.5
68.6
81.5

69.1
82.8
68.8
824
68.2
80.3
69.4
82.3

99.3
99.2
99.4
99.2
99.6
99.5
99.6
99.5

99.3
99.1
99.4
99.2
99.6
99.5
99.6
99.5

99.4
99.2
994
99.3
99.6
99.6
99.6
99.6

5 25
26
27
28
29
30
31
32

1+P

2+P

1+Hor 1+ P
l+Hor2+P

1+ Hor 1+ P or 1+ Rx
1+ Hor 2+ P or 1+ Rx
1+ Hor 1+ P or 2+ Rx
1+ Hor 2+ P or 2+ Rx

0.75
0.85
0.75
0.84
0.75
0.84
0.76
0.85

0.75
0.84
0.75
0.84
0.75
0.84
0.76
0.85

0.75
0.85
0.75
0.85
0.76
0.85
0.76
0.86

91.0
89.0
91.6
89.6
94.4
92.7
94.2
92.6

90.7
88.6
91.3
89.3
94.1
92.5
94.0
92.3

91.3
89.3
91.9
89.9
94.6
93.0
94.5
92.9

97.4
98.9
97.3
98.9
97.2
98.6
97.3
98.8

97.4
98.9
97.3
98.9
97.1
98.6
97.3
98.8

97.4
99.0
97.4
98.9
97.2
98.7
97.4
98.8

65.8
82.0
65.5
81.4
64.6
78.9
65.7
80.8

65.3
81.6
65.1
81.0
64.2
78.5
65.3
80.4

66.2
82.4
65.9
81.8
65.0
79.2
66.1
81.2

99.5
99.4
99.5
99.4
99.7
99.6
99.7
99.6

99.5
99.4
99.5
99.4
99.7
99.6
99.7
99.6

99.5
99.4
99.5
994
99.7
99.6
99.7
99.6

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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Table A.7: 95% confidenceintervalsfor validation indicesfor hypertension algorithms, 19+ years

# Years Algorithm K Sensitivity Specificity PPV NPV

Estt. LCL UCL Est LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+P 059 059 0.60 567 565 570 96.2 96.2 963 818 816 820 882 88.1 883
2 2+P 0.49 049 049 409 406 411 986 986 986 89.6 894 89.8 849 848 850

3 1+Hor1+P 0.60 060 0.60 578 575 580 96.2 96.1 96.2 817 815 819 884 884 885

4 1+Hor2+P 0.50 050 0.50 425 422 427 985 985 985 893 891 895 852 851 853

5 1+Hor1+Porl+Rx 0.70 070 0.70 785 783 788 924 924 925 755 753 757 935 935 936

6 1+Hor 1+ P or 2+ Rx 0.70 070 071 775 773 777 931 931 932 77.0 768 772 933 932 934

7 1+Hor 1+P or(1+P and 2+Rx) 061 061 061 559 557 56.2 974 974 975 865 863 86.7 881 88.1 88.2

2 8 1+P 0.63 063 0.64 686 684 688 930 93.0 931 745 743 748 909 90.8 910
9 2+P 059 059 060 551 548 553 970 969 970 844 841 846 879 87.8 880

10 1+Hor1+P 0.64 064 064 699 696 701 928 927 928 741 739 744 912 911 913

11 1+Hor2+P 0.60 060 0.60 56.7 56.4 569 96.7 96.6 96.7 835 833 837 882 882 883

12 1+Hor 1+ P or 1+ Rx 0.66 066 0.66 814 812 816 89.1 89.0 89.2 689 687 69.1 941 941 942

13 1+Hor 1+ P or 2+ Rx 0.67 067 0.68 809 80.7 811 900 899 901 706 704 709 941 0940 941

14 1+H or 2+P or(1+P and 2+RXx) 0.67 0.67 0.68 678 676 68.0 956 955 956 820 818 822 909 90.8 91.0

3 15 1+P 0.63 062 063 732 73.0 734 906 905 906 69.7 695 699 919 918 920
16 2+P 0.64 064 064 643 641 646 952 951 952 799 796 80.1 900 899 901

17 1+Hor 1+P 063 063 064 745 742 747 904 903 904 69.7 695 69.9 922 922 923

18 1+Hor2+P 0.65 064 065 659 657 661 949 949 950 794 792 79.6 904 903 904

19 1+Hor 1+ P or 1+ Rx 0.63 063 0.63 823 821 825 86.7 86.6 868 649 646 651 943 942 943

20 1+Hor 1+ P or 2+ Rx 0.65 065 0.65 819 817 821 880 879 880 669 667 671 942 942 943

21 1+H or 2+P or(1+P and 2+Rx) 068 068 068 730 728 732 937 936 938 775 773 777 921 920 922

5 22 1+P 0.64 064 064 784 782 786 89.1 89.0 891 680 678 683 933 932 933
23 2+P 0.67 066 067 707 704 709 939 938 939 774 772 776 915 914 0916

24 1+Hor1+P 0.65 065 065 798 796 800 889 888 890 681 679 683 937 93.6 937

25 1+Hor2+P 0.67 067 068 723 721 725 937 936 937 772 770 774 919 918 920

26 1+Hor 1+ P or 1+ Rx 0.61 061 0.61 842 B840 844 844 843 845 616 614 61.8 947 947 9438

27 1+Hor 1+ P or 2+ Rx 0.63 063 0.63 837 835 839 86.1 86.0 862 642 640 644 947 946 947

28 1+H or 2+P or(1+P and 2+Rx) 070 070 070 774 772 776 928 927 929 761 759 764 932 932 933

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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Table A.8: 95% confidenceintervalsfor validation indicesfor stroke algorithms, 19+ years

# of Years Algorithms K Sensitivity Specificity PPV NPV

Estt LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+H 001 001 001 06 04 0.7 100.0 100.0 100.0 19.8 152 245 985 985 98.6
2 1+P 025 024 026 243 235 251 991 991 991 285 276 295 989 988 98.9

3 2+P 0.26 0.25 0.27 200 19.2 208 99.6 995 99.6 40.0 386 413 988 98.8 98.8

4 1+Horl+P 025 024 026 243 235 251 991 991 991 282 272 291 989 988 98.9

5 1+Horl+Porl+Rx 029 028 029 63.1 621 641 96.2 96.2 963 20.0 19.6 205 994 994 0994

6 1+Hor 2+P or (1 P & 2+ Rx) 0.29 0.28 0.30 23.6 227 244 995 995 995 405 39.2 41.7 989 98.8 98.9

2 7 1+H 0.12 011 013 68 63 73 999 999 999 554 526 581 986 986 98.7
8 1+P 035 034 036 393 383 403 988 988 988 33.0 322 339 991 991 099.1

9 2+P 041 040 042 357 348 367 995 995 995 50.7 495 519 99.0 99.0 99.1

10 1+Horl+P 035 034 036 39.7 387 407 98.8 0988 988 327 319 335 991 991 991

11 1+Hor1+Por1+Rx 0.26 025 0.26 652 643 662 953 953 954 173 169 176 995 994 995

12 1+H or 2+Por (1 P & 2+ Rx) 042 041 043 393 384 403 99.3 99.3 99.3 46.3 453 474 991 99.1 99.1

3 13 1+H 0.21 0.20 0.22 134 127 140 998 998 998 524 505 544 987 98.7 98.7
14 1+P 0.38 037 039 480 470 490 986 985 986 332 324 339 992 99.2 99.2

15 2+P 042 041 043 395 386 405 99.3 993 993 458 447 46.8 991 99.1 099.1

16 1+Horl+P 0.38 037 039 486 476 496 985 985 985 328 320 335 992 99.2 99.2

17 1+Hor1+Por1+Rx 0.23 0.23 024 652 643 662 947 947 948 156 152 159 995 994 995

18 1+Hor2+Por (1 P &2+ Rx) 046 045 046 482 472 492 99.1 99.1 99.1 447 438 457 992 99.2 99.2

5 19 1+H 031 030 032 226 21.7 234 99.7 99.7 99.7 543 528 558 989 988 98.9
20 1+P 036 035 037 524 514 534 981 980 98.1 287 280 294 993 993 993

21 2+P 040 039 041 431 421 441 990 99.0 99.0 39.0 381 40.0 991 99.1 99.2

22 1+Horl+P 037 037 038 561 551 571 98.0 980 98.0 295 289 30.2 993 993 994

23 1+Hor1+Por 1+ Rx 022 021 022 686 67.7 695 93.8 937 93.8 142 138 145 995 995 995

24 1+Hor 2+Por (1 P & 2+ Rx) 045 044 045 557 547 56.7 987 986 98.7 386 378 394 993 993 994

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit

71



Table A.9: 95% confidenceintervalsfor validation indicesfor irritable bowel syndrome algorithms, 19+ years

# of Years Algorithm K Sensitivity Specificity PPV NPV

Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL Est. LCL UCL

1 1 1+H or 1+P 0.11 011 012 93 89 9.7 989 989 989 212 204 220 972 971 972
2 1+H or 2+P 0.05 0.05 006 35 33 38 996 996 996 221 207 235 970 970 97.1

3 1+H or 3+P 0.04 0.03 004 22 20 24 999 999 999 365 338 392 970 969 97.0

4 1+H or 4+P 0.03 0.02 003 14 1.2 15 100.0 100.0 100.0 70.3 658 748 97.0 969 97.0

5 1+H or 5+P 0.00 0.00 0.00 0.0 0.0 0.0 100.0 100.0 100.0 100.0 100.0 100.0 96.9 96.9 97.0

2 6 1+H or 1+P 020 0.20 0.21 198 193 204 982 982 982 257 250 264 975 974 975
7 1+H or 2+P 0.06 0.06 0.07 47 44 50 994 993 994 189 178 199 97.1 970 97.1

8 1+H or 3+P 0.06 005 006 36 34 39 99.7 99.7 99.7 287 270 305 970 970 97.1

9 1+H or 4+P 0.03 003 004 20 18 22 999 998 999 302 277 326 970 969 970

10 1+H or 5+P 0.01 001 001 06 05 0.7 999 999 999 204 173 235 969 969 970

3 11 1+H or 1+P 022 022 023 256 250 26.2 974 974 975 240 234 246 976 976 97.7
12 1+H or 2+P 0.13 013 014 98 94 102 99.2 992 992 281 270 291 972 972 972

13 1+H or 3+P 011 0.10 o011 6.6 6.3 70 99.7 99.7 99.7 414 39.7 431 971 971 97.2

14 1+H or 4+P 0.07 0.06 0.07 39 37 42 998 998 999 452 429 475 970 970 97.1

15 1+H or 5+P 0.02 0.01 002 09 0.8 1.1 999 999 999 26.0 229 29.2 97.0 969 97.0

5 16 1+H or 1+P 0.22 021 022 337 330 343 957 956 957 198 194 202 979 978 979
17 1+H or 2+P 024 023 024 225 219 231 983 983 983 298 290 305 976 975 976

18 1+H or 3+P 022 021 022 159 154 164 993 993 993 422 411 433 974 973 974

19 1+H or 4+P 021 020 021 132 127 137 99.7 99.7 99.7 58.7 573 601 973 973 974

20 1+H or 5+P 0.06 0.05 006 33 31 36 999 999 999 458 433 484 970 970 97.1

Note: Est. = validation index point estimate; LCL = lower confidence limit; UCL = upper confidence limit
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