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ABSTRACT

Objectives: Diabetes surveillance systems provide information about the distribution of diabetes within
populations. Administrative health data are frequently used for surveillance, however several different
case definitions have been developed. We undertook a systematic review to examine the validity of
different case definitions across a variety of data sources.

Methods: Electronic databases (Medline and Embase) were systematically searched for validation studies
where an administrative data diabetes case definition (using International Classification of Diseases
codes) was validated against a reference and test measures reported.

Results: Search strategy identified 2,895 abstracts among which 18 studies were included. In studies using
physician claims data, sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, and PPV
ranged from 71.4 to 96.2%. In studies using hospital discharge data, sensitivity ranged from 59.1 to 92.6%,
specificity ranged from 95.5 to 99%, and PPV ranged from 62.5 to 96%. In studies using both physician
claims data and hospital discharge data, the sensitivity ranged from 72 to 95.6%, specificity ranged from
88 t0 98.5%, and PPV ranged from 54 to 80%.

Conclusions: This review demonstrates that the more data sources used (physician claims and hospital
discharges), the longer the observation period, the better the definition performed. The outcomes with
respect to sensitivity, specificity and PPV for each seem to differ due to variations in the definition of
primary diagnosis in health data, the use of hospital discharge versus physician claims, by the type of ICD
coding system used, and by geographical location. Overall, administrative health databases are useful for
undertaking diabetes surveillance but the awareness of variation in sensitivity, specificity, PPV, NPV and
kappa being affected by disease case definition is significant.

STRENGTHS AND LIMITATIONS

e The greatest strength of this systematic review is its inclusiveness - the search strategy was not
restricted by region, time or any particular case definition of diabetes.

e Most of the studies, 17 out of the 18[13-21, 23-30] included in the qualitative analysis were
conducted in North America with high sensitivity and specificity estimates between the cases
identified through the administrative data versus medical records and the administrative data
versus population-based surveys across studies, suggesting that public administrative data are a
viable substitute for diabetes surveillance.

e Lastly, the study quality across all studies included was generally high as measured by the QUADAS
scale.

e There is the potential for a language bias as articles whose full-texts were not available in English
were not considered.

e There are potential limitations for all reference standards used to validate administrative
definitions for diabetes. The accuracy of charts reviews depends principally on physician
documentation availability of records, and the accuracy of coding[34]. Self-reported surveys and
telephone surveys are prone to recall bias, social desirability bias, poor understanding of survey
questions, or incomplete knowledge of their diagnosis. Self-reported surveys can also suffer from
participation biases as individuals with low diabetes risk may be less willing to participate whereas
certain patients with advance diabetes may be too unwell to participate. Age, sex, and an
individual’s level of education can have an effect on the reporting of diabetes[35-37]. Those with
poorly controlled diabetes have been found to underreport their disease status[38].

e Lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in
studies using administrative databases. In this review we included only those > 18 years of age that
is primarily the type 2 diabetes mellitus population.
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2 BACKGROUND 2
«
g Diabetes is a chronic disease that has increased substantially during the past 20 years[1]. At present, =
7 diabetes is the leading cause of blindness[2], renal failure[3] and non-traumatic lower limb =2
amputations[4] and is a major risk factor for cardiovascular disease[5]. Because of its chronic nature, the <
8 ) . I . o i ) @
9 severity of its complications and the means required to control it, diabetes is a costly disease. The a
10 healthcare costs associated with this condition are substantial, and can account for up to 15% of national &
U =
11 health care budgets[6]. 3 ©
— =
12 ) =
Understanding the distribution of diabetes and its complications in a population is important to 2 3
13 g 5
14 understand disease burden and to plan for effective disease management. Diabetes surveillance systems > 3
15 using administrative data can efficiently and readily analyze routinely collected health-related information ﬁ _g'
16 from healthcare systems and provide reports on risk factors, care practices, morbidity, mortality and S g
17 estimate incidence and prevalence at a population level[7]. With steady increases in ‘big data’ and data = 'g
18 analytics over the past two decades, administrative health databases have become more accessible to G;:: 'G
19 health services researchers and are now used regularly to study the processes and outcomes of 5 S
20 healthcare. However, administrative health data are not collected primarily for research or surveillance. % §
21 There is therefore the need for health administrative data users to examine the validity of case g—. ';’
22 ascertainment in their data sources before use[8]. Q 3>
23 o ¢
= >
24 Surveillance depends on a consistent case definition of diabetes. A case definition is set of uniform criteria S mae
25 used to define a disease for surveillance[9]. However a variety of diabetes case definitions exist, resulting ? § ;
g? in variation in reported diabetes prevalence estimates. A systematic review and meta-analysis of oG N
o8 validation studies on diabetes case definitions from administrative records has been performed[10]. This % § 5
29 review aimed to determine the sensitivity and specificity of a commonly used diabetes case definition - = 29
30 two physician claims or one hospital discharge abstract record within a two-year period and their ; c’n'g
potential effect on prevalence estimation. However, our study will add to the literature, as our objective is =iy
31 . . . . g . . S99
32 to systematically review validated International Classification of Diseases (ICD), 9th edition (ICD-9) and =) =
33 ICD-10 based case definitions for diabetes and to compare the validity of different case definitions across 2 2 2
34 studies and countries and not restrict it to a particular case definition. This is particularly important g«gg
35 because many countries do not have outpatient data. 3 % >
36 =223
A consistent case definition needs to be validated in order to minimize misclassification bias and to be Q- =
37 =
38 able to compare studies. The aim of this study was to provide recommendations for researchers on the > 3
39 optimal case definition to use for diabetes case ascertainment in administrative health data. 5 9
L 3
40 3. S
S
41 METHODS e g
- 3
42 o =
=] (@]
43 Search Strategy a g
n 3
44 2 =
3 o
45 This systematic review was performed using the Preferred Reporting Items for Systematic Reviews and o) Z.
46 Meta-Analyses (PRISMA) guidelines[11]. Two citation databases, Medline and Embase, were searched 3 S
a7 using an OVID platform up from 1980 until September, 2015. The search strategy consisted of the S 2
48 2 B
following set of terms (Appendix A): (1) [health services research or administrative data or hospital o -
49 . . . . . o N
discharge data or ICD-9 or ICD-10 or medical record or health information or surveillance or physician Q Q
50 > O
claims or claims or hospital discharge or coding or codes] AND (2) [validity or validation or case definition ?
51 ¢ ]
or algorithm or agreement or accuracy or sensitivity or specificity or positive predictive value or negative
52 =2 ; . . . - &
predictive value] AND (3) the medical subject heading terms for diabetes. Searches were limited to human o
53 i . . g : =
54 studies published in English. The broad nature of the search strategy allowed for the detection of ]
55 modifications of ICD codes, such as international clinical modification (e.g. ICD-9-CM). w
o
56 . o
57 Study Selection Qe
58 g
59 B
60 o
[oX
@
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The articles were evaluated for eligibility in a two-stage procedure, in duplicate - in stage one, all
identified titles and abstracts were reviewed and in stage two, a full text review was performed on all of
the articles that met the predefined eligibility criteria as well as all articles for which there was uncertainty
as to eligibility. If either reviewer defined an article as eligible, in stage one, it was included in the full-text
review, in stage two, disagreements were resolved by discussion or consultation with a third reviewer.

Inclusion/Exclusion Criteria

An article was considered included in the systematic review if it met the following criteria: (1) study
population included those > 18 years with type 1 diabetes mellitus or type 2 diabetes mellitus (2)
statistical estimates [sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV)
or, kappa] were reported or could be calculated; (3) an ICD-9 or ICD-10 case definition for diabetes was
reported and validated; (4) a satisfactory reference standard (e.g. self-report from population-based
surveys or patient medical chart reviews); and (5) if it reported on original data. Articles that validated
diabetes in specialized populations (e.g. cardiovascular disease) were excluded to ensure the case
definitions would be generalizable to the general population. Papers that did not employ solely medical
encounter data in their definitions (e.g. the inclusion of pharmacy or laboratory data) were also excluded,
as the independent validity of the administrative definition could not be calculated. Bibliographies of
included articles were manually searched for additional articles, which were then screened and reviewed
using the same methods described above.

Data Extraction and Quality Assessment

The primary outcomes were sensitivity, specificity, PPV, NPV and kappa reported for each of the
ICD-coded diabetes definitions. Other extracted data included sample size, age, and ICD codes
used. If test measures were not reported in the original paper, estimates were calculated from
data available.

Calculating a pooled estimate of surveillance performance measures using meta-analytic techniques was
deemed inappropriate given the heterogeneity of case definitions and reference standards used across
studies. Data were tabulated by type of administrative health data used. Study quality was evaluated
using the Quality Assessment Tool for Diagnostic Accuracy Studies (QUADAS) criteria[12].

RESULTS
Identification and Description of Studies

A total of 2,895 abstract were identified with 193 articles reviewed in full text, of which 18 articles met all
eligibility criteria (Figure 1) (Table 1). Ten of these studies were conducted in the United States[15, 17, 19,
21, 25-30], seven in Canada[13-14,16, 18, 20, 23-24], and one in Australia[20]. Fourteen studies used ICD-
9 codes[13-17, 19, 22-29] and the remaining four studies used both ICD-9 and ICD-10 codes[16, 18, 20-
21]. None of the studies differentiated or commented as to whether a particular code of interest was in
the primary or in one of the secondary diagnostic positions. Of the 18 studies reviewed, 10 used medical
records[13, 15-23] and 8 used either self-reported surveys or telephone surveys to validate the diabetes
diagnosis[14, 24-30]. Eight studies used physician claims data[15-17, 25-26, 28-30], three studies used
hospital discharge data [18, 22-23] while five studies used a combination of both[15-16, 22, 26, 29]. Two
studies used electronic medical records (EMRs) as their health data source[19, 21].

The scores (Table 2) ranged from 9 to 13, out of a maximum of 14. Regardless of quality assessment
scores, all 18 studies are discussed in this systematic review.

The sample size varied from 95 to ~3 million people. Sensitivity and specificity values were available from
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1 g
2 H
3 all 18 studies, PPV in 16 studies, NPV in 12 studies, and kappa in six. In studies using physician claims data, i
4 sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, PPV ranged from 71.4 to 2
g 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from 0.8 to 0.9. In studies using hospital discharge =
7 data, sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5 to 99%, PPV ranged from 62.5 to =3
8 96%, NPV ranged from 90.8 to 99%, and kappa ranged from 0.6 to 0.9. In studies using both physician <
9 claims data and hospital discharge data, the sensitivity ranged from 72 to 95.6%, specificity ranged from ]
10 88 to0 98.5%, PPV ranged from 54 to 80%, NPV ranged from 98 to 99.6% and kappa ranged from 0.7 to 0.8. 7
11 In the two studies using EMRs as their health data source, sensitivity ranged from 71 to 100%, specificity 6-? E
12 ranged from 98 to 100%, and PPV ranged from 21 to 100%. § E
1 o 2
12 A secondary tabulation of data was performed by the type of ICD coding system used. In studies using g g_
15 ICD-9 codes, sensitivity ranged from 26.9 to 100%, specificity ranged from 88 to 100%, PPV ranged from ﬁ 3
16 21 to 100%, NPV ranged from 74 to 99.6, and kappa ranged from 0.6 to 0.9 whereas, in the studies using S g
17 ICD-10 codes, sensitivity ranged from 59.1 to 89.6%, specificity ranged from 95.5 to 99%, PPV ranged from = 'g
18 63.1 to 96%, NPV ranged 90.8 to 98.9%, and kappa ranged from 0.6 to 0.9. G;:: 7
19 5 8
20 In this systematic review, case definitions appear to perform better when more data sources are used % ©
21 over a longer observation period. The outcomes with respect to sensitivity, specificity and PPV for each of & n
22 these studies seem to differ due to variations in the definition of primary diagnosis in ICD-coded health a S
23 data, the use of hospital discharge versus physician billing claims, by the type of ICD coding system used, § g
24 and by the geographical location. S mé
25 32 o
g? DISCUSSION gf.;[’ 3
2o

gg The validity of administrative case definitions for diabetes varies significantly across studies, but we gg 9
30 identified definition features that were associated with better performance. The combinations of more = c’n'g
31 than one physician claim and/or hospital discharge encounter along with a longer observation period ﬁ_g S’_,
32 consistently performed better. Certain definitions, such as the definition used by the National Diabetes §g o
33 Surveillance System (NDSS) to identify Canadians with diabetes mellitus[31] used a combination of data Q_g 2
34 sources (physician claims and hospital discharge data) and has been shown to have high validity in this g«»:; o
35 study and other validation studies that were not eligible for this review. In a previous examination of 3 %i
36 administrative database definitions for diabetes, a meta-analysis[10] demonstrated that this commonly- g@_g
37 used administrative database definition for diabetes (two physician outpatient billings and/or one Q- §
38 hospitalization with a diabetes record on the discharge abstract summary within a two-year period) has a > 3
39 pooled sensitivity of 82.3% (95% Cl 75.8, 87.4) and specificity of 97.9% (95% Cl 96.5, 98.8%). ;'_; S
L 3

40 . . - . . . - =
41 Approaches used in developing case definitions for diabetes can be simple and practical and result in high e 3
42 sensitivity, specificity and PPV. This systematic review, which reviewed the performance of a number of 2 5
43 ICD-9 and ICD-10 based case definitions for diabetes, provides new knowledge on factors that are % %
44 associated with enhanced definition performance. It also demonstrated a wide variation in definition 3 o
45 performance that we speculate may be related to the type of administrative data source (physician 9? Z.
46 claims, hospital discharge data, and a combination of the two) and the study purpose. In addition, method 3 S
a7 of data collection, purpose of collection, availability of the type of data and clinical detail of data on hand % S
jg are other factors that introduced variability across studies. % E
e 8

22 Studies included in this systematic review used a variety of case definitions to identify patients with _93 g
50 diabetes. These definitions include hospital discharge data or physician claims or some form of a g
53 combination of the two. It is important to understand the difference in accuracy between these @
54 definitions. Neither physician claims nor hospital discharge data are primarily collected for surveillance ]
55 hence the accuracy of diagnoses coded in these data sources remains suspect. Physician claims, while w
56 potentially rich in clinical information, are not recorded in a standardized manner. Billing practices do vary %
57 by practitioner, which may in turn be influenced by the nature of physician reimbursement (salary versus Qe
58 fee for service). Further, individuals with diabetes commonly carry multiple comorbidities, so while S
59 g
60 o
[oX

@
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patients may have diabetes and be seen by a physician, providers will file billing claims for conditions
other than diabetes [32-33]. In contrast, hospital discharge data are limited to clinical information that is
relevant to an individual hospitalization, capturing diagnostic and treatment information usually for a
brief window of time. However, the advantage of hospital discharge data for surveillance is that discharge
diagnostic and medical procedure information are recorded by medical coders with standardized training
with a detailed review of medical charts.

What are considered ideal performance parameters will vary based on the clinical condition of interest,
the nature of surveillance and the type of data being used for surveillance. When studying diabetes trends
and incidence rate, a case definition that has high but balanced measures of PPV and sensitivity is
preferred. This will ensure maximal capture of potential patients and that patients captured likely have
diabetes. This systematic review suggests that the commonly used two physician outpatient billings
and/or one hospitalization, within a certain period of time is appropriate.

The greatest strength of this systematic review is its inclusiveness - the search strategy was not restricted
by region, time or any particular case definition of diabetes. Most of the studies, 17 out of the 18[13-21,
23-30] included in the qualitative analysis were conducted in North America with high sensitivity and
specificity estimates between the cases identified through the administrative data versus medical records
and the administrative data versus population-based surveys across studies, suggesting that public
administrative data are a viable substitute for diabetes surveillance. Lastly, the study quality across all
studies included was generally high as measured by the QUADAS scale.

There is the potential for a language bias as articles whose full-texts were not available in English were
not considered. There are potential limitations for all reference standards used to validate administrative
definitions for diabetes. The accuracy of charts reviews depends principally on physician documentation
availability of records, and the accuracy of coding[34]. Self-reported surveys and telephone surveys are
prone to recall bias, social desirability bias, poor understanding of survey questions, or incomplete
knowledge of their diagnosis. Self-reported surveys can also suffer from participation biases as individuals
with low diabetes risk may be less willing to participate whereas certain patients with advance diabetes
may be too unwell to participate. Age, sex, and an individual’s level of education can have an effect on the
reporting of diabetes[35-37]. Those with poorly controlled diabetes have been found to underreport their
disease status[38].

Lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in studies
using administrative databases. In this review we included only those > 18 years of age that is primarily
the type 2 diabetes mellitus population.

Generalizability

As previously mentioned, 90% of included studies were conducted in North America and therefore these
validation studies are highly comparable. However, even though these studies are nested in the general
population, the selected diabetes cohorts used in the validation studies may not always be truly
representative of the general population.

CONCLUSION

This review demonstrates that the more data sources used (physician claims and hospital discharges), the
longer the observation period, the better the definition performed. A conclusive recommendation of an
optimal definition cannot be made because the definition depends on the purpose of use and the
availability of the type of data available on hand. Approaches used in developing case definitions for
diabetes can be simple and practical and result in high sensitivity, specificity and PPV. Overall,
administrative health databases are useful for undertaking diabetes surveillance[39-40] but the
awareness of the variation in sensitivity, specificity, PPV, NPV and kappa being affected by disease case
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definition is significant.
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: PRISMA 2009 Checklist
3
4 Reported on
5] Section/topic # Checklist item P
6 page #
g TITLE: Systematic Review of Validated Case Definition for Diabetes in ICD-9 and ICD-10 Coded Data
g| Title 1 | Title identifies study as a systematic review. 1
i ) ABSTRACT
1;3 Structured summary 2 | An abstract is provided including, background, methods, results, and conclusion. 2
13
14
1%
16 INTRODUCTION
17 Rationale 3 | With steady increases in ‘big data’ and data analytics over the past two decades, administrative health databases have become
18 more accessible to health services researchers and are now used regularly to study the processes and outcomes of healthcare.
19 However, administrative health data are not collected primarily for research or surveillance. There is therefore, the need for
20 health administrative data users to examine the validity of disease case ascertainment in their data sources before use.
21 Surveillance depends on a consistent case definition of diabetes. However, a variety of diabetes case definition exists, resulting
22 in variation in reported diabetes prevalence estimates.
23
24 Objectives 4 | The purpose of the present study is to perform a systematic review of validated ICD-9 and ICD-10 based case definitions for
2 diabetes and to compare the validity of different case definitions across studies and countries and not restrict it to a particular
26 case definition.
g" METHODS
2¢ Protocol and registration 5
3
igibility criteria n article was consiaered included in the systematic review it it met the following criteria: study population incluaded those
31 Eligibili iteri 6| A icl idered included in th i iew if i he followi iteria: (1) stud lation included th
3 > 18 years with type 1 diabetes mellitus or type 2 diabetes mellitus (2) statistical estimates [sensitivity, specificity, positive
3 predictive value (PPV), negative predictive value (NPV) or, kappa] were reported or could be calculated; (3) an ICD-9 or ICD-10
g case definition for diabetes was reported and validated; (4) a satisfactory reference standard (e.g. self-report from population-
3 based surveys or patient medical chart reviews); and (5) if it reported on original data. Articles that validated diabetes in
3 specialized populations (e.g. cardiovascular disease) were excluded to ensure the case definitions would be generalizable to the
3 general population. Papers that did not employ solely medical encounter data in their definitions (e.g. the inclusion of
39 pharmacy or laboratory data) were also excluded, as the independent validity of the administrative definition could not be
4‘) calculated. Bibliographies of included articles were manually searched for additional articles, which were then screened and
a1 reviewed using the same methods described above.
42 Information sources 7 | This systematic review was performed using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
43 (PRISMA) guidelines[11]. Two citation databases, Medline and Embase, were searched using an OVID platform up from 1980
44 until September, 2015. The search strategy consisted of the following set of terms: (1) [health services research or
4% administrative data or hospital discharge data or ICD-9 or ICD-10 or medical record or health information or surveillance or
46 ‘sa16d| Pysisirefiainsos ehime iy ol diseheopue e ugpbris E€8 N D4 PBlvipisin ofysli#adonkarsagseefinition or algorithm
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1

2

3

4 or agreement or accuracy or sensitivity or specificity or positive predictive value or negative predictive value] AND (3) the

5 medical subject heading terms for diabetes. Searches were limited to human studies published in English. The broad nature of

6 the search strategy allowed for the detection of modifications of ICD codes, such as international clinical modification (e.g. ICD-

7 9-CM).

g Search 8 | Exact search strategy used in Medline and Embase shown in Appendix A.

10

11 Study selection 9 | The articles were evaluated for eligibility in a two-stage procedure, in duplicate - in stage one, all identified titles and abstracts

12 were reviewed and in stage two, a full text review was performed on all of the articles that met the predefined eligibility

13 criteria as well as all articles for which there was uncertainty as to eligibility. If either reviewer defined an article as eligible, in

14 stage one, it was included in the full-text review, in stage two, disagreements were resolved by discussion or consultation with
) a third reviewer.

155 Data collection process 10 | Reviewers, independently, extracted data from all studies that satisfied the inclusion criteria. Any disagreement in data

15; extraction and/or study inclusion was resolved through discussion between reviewers.

19 Data items 11 | The primary outcomes were sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and kappa

20 scores reported for each of the ICD-coded diabetes definitions. Other extracted data included sample size, ICD codes used, and

21 geographic location.

g:i Risk of bias in individual studies 12 | Study quality was evaluated using the Quality Assessment tool for Diagnostic Accuracy Studies (QUADAS) criteria.

2 1

2% Summary measures 13 | Not applicable because calculating a pooled estimate of surveillance performance measures using meta-analytic techniques

26 was deemed inappropriate given the heterogeneity of case definitions and references standards used across studies.

37 Synthesis of results 14 | Not applicable.

2

30

31 Page 1 of 2

15

Checklist item

Not applicable.

Reported on

page #

35{3 Additional analyses 16 | Not applicable.

39

40 ResuULTS

4]

49 Study selection 17 | See Flow Diagram (Figure 1)

43

44 Study characteristics 18 | See Study Characteristics and Test Measures of Studies (Table 1)

4%
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m PRISMA 2009 Checklist

Page 20 of 20

1

2

3

4| Risk of bias within studies 19 | Not applicable.

2 Results of individual studies 20 | Not applicable.

7

8 Synthesis of results 21 | Not applicable.

i y Risk of bias across studies 22 | Not applicable.

1& Additional analysis 23 | Not applicable.

13 DISCUSSION

1?: Summary of evidence 24 | The validity of administrative case definitions for diabetes varies significantly across studies, but we identified definition

16 features that were associated with better performance. The combinations of more than one physician claim and/or hospital
17 discharge encounter along with a longer observation period consistently performed better.

18 Limitations 25 | There is the potential for a language bias as articles whose full-texts were not available in English were not considered. There

1 are potential limitations for all reference standards used to validate administrative definitions for diabetes. Difference between
2 type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in studies using administrative databases. In this review we

2 included only those > 18 years of age that is primarily the type 2 diabetes mellitus population.

22 conclusions 26 | This review demonstrates that the more data sources used (physician claims and hospital discharges), the longer the

2 observation period, the better the definition performed. A conclusive recommendation of an optimal definition cannot be

2 made because the definition depends on the purpose of use and the availability of the type of data available on hand.

2 Approaches used in developing case definitions for diabetes can be simple and practical and result in high sensitivity, specificity
2 and PPV. Overall, administrative health databases are useful for undertaking diabetes surveillance[39-40] but the awareness of
g the variation in sensitivity, specificity, PPV, NPV and kappa being affected by disease case definition is significant.
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ABSTRACT

Objectives: Diabetes surveillance systems provide information about the distribution of
diabetes within populations. Administrative health data are frequently used for surveillance;
however several different case definitions have been developed. We undertook a systematic
review to examine the validity of different case definitions across a variety of data sources.

Methods: Electronic databases (Medline and Embase) were systematically searched for
validation studies where an administrative data diabetes case definition (using International
Classification of Diseases codes) was validated against a reference and test measures reported.

Results: Search strategy identified 2,895 abstracts, among which 18 studies were included. In
studies using physician claims data, sensitivity ranged from 26.9 to 97%, specificity ranged from
94.3 t0 99.4%, and PPV ranged from 71.4 to 96.2%. In studies using hospital discharge data,
sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5 to 99%, and PPV ranged from
62.5 to 96%. In studies using both physician claims data and hospital discharge data, the
sensitivity ranged from 72 to 95.6%, specificity ranged from 88 to 98.5%, and PPV ranged from
54 to 80%.

Conclusions: Overall, administrative health databases are useful for undertaking diabetes
surveillance through combining physician claims and hospital discharge data, but the awareness
of variation in sensitivity, specificity, PPV, NPV and kappa being affected by disease case
definition is significant. This review demonstrates that sensitivity and specificity will vary with
data sources used (physician claims or hospital discharges) and duration of observation period.
A conclusive recommendation of an optimal definition cannot be made because the definition
depends on the purpose of surveillance and the availability of the type of data available on
hand. Approaches used in developing case definitions for diabetes can be simple and practical
and result in high sensitivity, specificity and PPV.

STRENGTHS AND LIMITATIONS

e The greatest strength of this systematic review is its inclusiveness - the search strategy
was not restricted by region, time or any particular case definition of diabetes.

e Most of the studies, 15 out of the 16 included in the qualitative analysis were conducted
in North America with high sensitivity and specificity estimates between the cases
identified through the administrative data versus medical records and the administrative
data versus population-based surveys across studies, suggesting that public
administrative data are a viable substitute for diabetes surveillance.

e lastly, the study quality across all studies included was generally high as measured by the
QUADAS scale.

e There is the potential for a language bias as articles whose full-texts were not available in
English were not considered.

e There are potential limitations for all reference standards used to validate administrative
definitions for diabetes. The accuracy of charts reviews depends principally on physician
documentation availability of records, and the accuracy of coding[34]. Self-reported
surveys and telephone surveys are prone to recall bias, social desirability bias, poor
understanding of survey questions, or incomplete knowledge of their diagnosis. Self-
reported surveys can also suffer from participation biases as individuals with low diabetes
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2 3
2 risk may be less willing to participate whereas certain patients with advance diabetes may Z
5 be too unwell to participate. Age, sex, and an individual’s level of education can have an @
6 effect on the reporting of diabetes[35-37]. Those with poorly controlled diabetes have =
7 been found to underreport their disease status[38]. %
8 e lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not 2
9 clear in studies using administrative databases. In this review we included only those > 18 s?a-
12 years of age that is primarily the type 2 diabetes mellitus population. T ‘é
S P
s
E BACKGROUND % %
o
15 Diabetes is a chronic disease that has increased substantially during the past 20 years[1]. At s é’
16 present, diabetes is the leading cause of blindness[2], renal failure[3] and non-traumatic lower § $
17 limb amputations[4] and is a major risk factor for cardiovascular disease[5]. Because of its a §
ig chronic nature, the severity of its complications and the means required to control it, diabetes is f g
20 a costly disease. The healthcare costs associated with this condition are substantial, and can 3 %
21 account for up to 15% of national health care budgets[6]. s g
22 g 3
23 Understanding the distribution of diabetes and its complications in a population is important to 5] g
24 understand disease burden and to plan for effective disease management. Diabetes surveillance 5 mea
25 systems using administrative data can efficiently and readily analyze routinely collected health- 3 § é
g? related information from healthcare systems and provide reports on risk factors, care practices, %‘EE
28 morbidity, mortality and estimate incidence and prevalence at a population level[7]. With g%’ o
29 steady increases in ‘big data’ and data analytics over the past two decades, administrative 528
30 health databases have become more accessible to health services researchers and are now used Qég
31 regularly to study the processes and outcomes of healthcare. However, administrative health N o
32 data are not collected primarily for research or surveillance. There is therefore the need for E%E
33 health administrative data users to examine the validity of case ascertainment in their data §i§
gg sources before use[8]. ;l %i
36 =L3
37 Surveillance depends on a consistent case definition of diabetes. A case definition is set of Q- §
38 uniform criteria used to define a disease for surveillance[9]. However, a variety of diabetes case > 3
39 definitions exist, resulting in variation in reported diabetes prevalence estimates. A systematic g’!_ ;D
40 review and meta-analysis of validation studies on diabetes case definitions from administrative 2 ;
j; records has been performed[10]. This review aimed to determine the sensitivity and specificity 2 3
43 of a commonly used diabetes case definition - two physician claims or one hospital discharge 2 38
44 abstract record within a two-year period and their potential effect on prevalence estimation. ‘é g
45 However, our study will add to the literature, as our objective is to systematically review g >
46 validated International Classification of Diseases (ICD), 9th edition (ICD-9) and ICD-10 based case Z S
a7 definitions for diabetes and to compare the validity of different case definitions across studies s 2
48 and countries and not restrict it to a particular case definition. This is particularly important 3 z
gg because many countries do not have outpatient data. C:SD_ §
-
g; A consistent case definition needs to be validated in order to minimize misclassification bias and S
53 to be able to compare studies. The aim of this study was to provide recommendations for 3
54 researchers on the optimal case definition to use for diabetes case ascertainment in ®
gg administrative health data. g
o
57 @
58 METHODS z
59 Z
60 o
3 ®

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

Search Strategy

This systematic review was performed using the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines[11][Appendix A]. Two citation databases,
Medline and Embase, were searched using an OVID platform up from 1980 until September,
2015. The search strategy consisted of the following set of terms [Appendix]: (1) [health services
research or administrative data or hospital discharge data or ICD-9 or ICD-10 or medical record
or health information or surveillance or physician claims or claims or hospital discharge or
coding or codes] AND (2) [validity or validation or case definition or algorithm or agreement or
accuracy or sensitivity or specificity or positive predictive value or negative predictive value]
AND (3) the medical subject heading terms for diabetes. Searches were limited to human studies
published in English. The broad nature of the search strategy allowed for the detection of
modifications of ICD codes, such as international clinical modification (e.g. ICD-9-CM).

Study Selection

The articles were evaluated for eligibility in a two-stage procedure, in duplicate - in stage one, all
identified titles and abstracts were reviewed and in stage two, a full text review was performed
on all of the articles that met the predefined eligibility criteria as well as all articles for which
there was uncertainty as to eligibility. If either reviewer defined an article as eligible, in stage
one, it was included in the full-text review, in stage two, disagreements were resolved by
discussion or consultation with a third reviewer.

Inclusion/Exclusion Criteria

An article was considered included in the systematic review if it met the following criteria: (1)
study population included those > 18 years with type 1 diabetes mellitus or type 2 diabetes
mellitus (2) statistical estimates [sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV) or, kappa] were reported or could be calculated; (3) an ICD-9 or ICD-10
case definition for diabetes was reported and validated; (4) a satisfactory reference standard
(e.g. self-report from population-based surveys or patient medical chart reviews); and (5) if it
reported on original data. Articles that validated diabetes in specialized populations (e.g.
cardiovascular disease) were excluded to ensure the case definitions would be generalizable to
the general population. Papers that did not employ solely medical encounter data in their
definitions (e.g. the inclusion of pharmacy or laboratory data) were also excluded, as the
independent validity of the administrative definition could not be calculated. Bibliographies of
included articles were manually searched for additional articles, which were then screened and
reviewed using the same methods described above.

Data Extraction and Quality Assessment
The primary outcomes were sensitivity, specificity, PPV, NPV, and kappa reported for each of
the ICD-coded diabetes definitions. Other extracted data included sample size, age, and ICD

codes used. If test measures were not reported in the original paper, estimates were calculated
from data available.
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1 g
2 H]
2 Calculating a pooled estimate of surveillance performance measures using meta-analytic Z
5 techniques was deemed inappropriate given the heterogeneity of case definitions and reference @
6 standards used across studies. Data were tabulated by type of administrative health data used. =
7 Study quality was evaluated using the Quality Assessment Tool for Diagnostic Accuracy Studies %
8 (QUADAS) criteria[12]. g
9 Q
10 RESULTS v o
11 s 2
ig Identification and Description of Studies % §
14 3
15 A total of 2,895 abstract were identified with 193 articles reviewed in full text, of which 16 % g
16 articles met all eligibility criteria (Figure 1). Eight of these studies were conducted in the United § $
17 States[13-20], seven in Canada[21-27], and one in Australia[28]. Thirteen studies used ICD-9 a §
ig codes[13-19, 21-23, 26-28] and the remaining three studies used both ICD-9 and ICD-10 % g
20 codes[23-25]. None of the studies differentiated or commented as to whether a particular code 3 %
21 of interest was in the primary or in one of the secondary diagnostic positions. Of the 16 studies g @
22 reviewed, 8 used medical records[13-14, 21, 23-26, 28] and 8 used either self-reported surveys 2 S
23 or telephone surveys to validate the diabetes diagnosis[15-20, 22-27]. Eight studies used 5] g
24 physician claims data[13-16, 18-20, 23], four studies used hospital discharge data [22, 24, 26, 28] S ma
25 while four studies used a combination of both[17, 21, 25, 27]. Two studies used electronic %3 é
g? medical records (EMRs) as their health data source[29, 30] but these were removed from the g%g
28 review since EMRs were not a part of our search strategy. g%’ o
29 538
30 The QUADAS scores (Table 1) ranged from 9 to 13, out of a maximum of 14. Five questions were § 5_95
31 selected from QUAS to constitute the ‘bias assessment’. Regardless of quality assessment N o
gé scores, all 16 studies are discussed in this systematic review. §§§
223

gg The sample size varied from 93 to ~3 million people. Sensitivity and specificity values were g %Z%
36 available from all 18 studies, PPV in 16 studies, NPV in 12 studies, and kappa in six. All 16 studies gf@_g
37 were categorized by the type of data source being used. e 5
38 z 3
39 Physician Claims Data 5 S
40 2 3
j; Table 2 lists the eight studies[13-16, 18-20, 23] using physician claims data. In these studies, the i §
43 sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, PPV ranged from 2 3
44 71.4 t0 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from 0.8 to 0.9. Four out of the ‘é g
45 eight studies using physician claims data had a least one case definition where both sensitivity 5 2
46 and specificity exceed 80%. % S
47 S 2
48 Studies comparing physician claims data definition over a multiple years time period[13, 15-16] 5 z
gg consistently show increases in sensitivity values and a slight decrease in specificity and PPV with c:SD_ §
51 increase in time duration. This relationship is consistent with the study[18] looking at changes in )
52 the statistical estimates with increasing the number of appearance of diagnostic codes in the Py
53 definition — the sensitivity was the highest when any diagnostic code was used, the specificity 3
54 was the highest when any diagnostic code was used, the PPV was the highest when > 4 out- @
55 patients codes were used. 5
56 5
o7 Hospital Discharge Data %
58 =
59 Z
60 o
5 ®
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Table 3 lists the four studies[22, 24, 26, 28] using hospital discharge data alone. In these studies,
the sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5 to 99%, PPV ranged from
62.5 to 96%, NPV ranged from 90.8 to 99%, and kappa ranged from 0.6 to 0.9. Two out of the
four studies using hospital discharge data had a least one case definition where both sensitivity
and specificity exceed 80%. In contrast to the physician claims based definitions, the sensitivity
seemed to improve when a longer duration was used the definition however the specificity and
the PPV behaved inversely.

Combination of Physician Claims and Hospital Discharge Data

Table 4 lists out the four studies[17, 21, 25, 27] using a combination of physician claims and
hospital discharge data. In these studies, the sensitivity ranged from 57 to 95.6%, specificity
ranged from 88 to 98.5%, PPV ranged from 54 to 80%, NPV ranged from 98 to 99.6% and kappa
ranged from 0.7 to 0.8. Using a combination of two or more data sources increases the
minimum value of the range for sensitivity compared to using either physician claims or hospital
admissions based definitions alone. All four of the studies using a combination of physician
claims and hospital discharge data had a least one case definition where both sensitivity and
specificity exceed 80%.

Studies comparing hospital discharge data definition over a multiple years[21, 25] consistently
show similar increase in sensitivity and decrease in specificity and PPV with increase in time
period similar to the definitions using physician claims, as shown above. Another factor affecting
the statistical estimates is use of number of claims in the definition. Rector et al.’s study[17]
shows consistent results where the sensitivity is higher when at least one claims data is used in
the definition, but the specificity is higher when at least two are used. Lastly, Young et al.’s
study[27] demonstrates the highest sensitivity when 2 physician claims and 2 hospital discharge
data are used in the definition and the highest specificity when one physician claim and two
hospital claims are used in the definition.

A secondary tabulation of data was performed by the type of ICD coding system used. In studies
using ICD-9 codes, sensitivity ranged from 26.9 to 100%, specificity ranged from 88 to 100%, PPV
ranged from 21 to 100%, NPV ranged from 74 to 99.6, and kappa ranged from 0.6 to 0.9
whereas, in the studies using ICD-10 codes, the ranges for sensitivity (59.1 to 89.6%) and
specificity (95.5 to 99%) narrowed significantly, and PPV ranged from 63.1 to 96%, NPV ranged
90.8 to 98.9%, and kappa ranged from 0.6 to 0.9. Eight studies using ICD-9 coding systems are
from the United States and four studies from Canada. Four studies use both ICD-9 and ICD-10
coding systems — three of these are from Canada and one from Western Australia.

In this systematic review, case definitions appear to perform more reliably when more data
sources are used over a longer observation period. The outcomes with respect to sensitivity,
specificity and PPV for each of these studies seem to differ due to variations in the definition of
primary diagnosis in ICD-coded health data, the use of hospital discharge versus physician billing
claims, by the type of ICD coding system used, and by the geographical location.

DISCUSSION

The validity of administrative case definitions for diabetes varies significantly across studies, but
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1 g
2 H]
2 we identified definition features that were associated with more reliable performance. The Z
5 combinations of more than one data source, physician claim and /or hospital discharge @
6 encounter along with an observation period of more than one year consistently demonstrated =
7 higher sensitivity with only a modest decline in specificity. These definition characteristics are %
8 present in the definition used by the National Diabetes Surveillance System (NDSS) to identify 3
9 Canadians with diabetes mellitus[31] as it uses a combination of data sources (physician claims ;‘,
10 and hospital discharge data) and has been shown to have high validity in this study and other o ‘é
E validation studies that were not eligible for this review. In a previous examination of % =
13 administrative database definitions for diabetes, a meta-analysis[10] demonstrated that this % 3
14 commonly-used administrative database definition for diabetes (two physician outpatient g g
15 billings and/or one hospitalization with a diabetes record on the discharge abstract summary s g
16 within a two-year period) has a pooled sensitivity of 82.3% (95% ClI 75.8, 87.4) and specificity of § $
17 97.9% (95% Cl 96.5, 98.8%). a 8
18 Z g
:zlg This systematic review, which reviewed the performance of a number of ICD-9 and ICD-10 based g %
21 case definitions for diabetes, provides new knowledge on factors that are associated with g @
22 enhanced definition performance, and outlines the trade-offs one encounters with respect to 2 S
23 sensitivity and specificity (and secondarily PPV and NPV) related to data source, coding system 5] g
24 and years of follow up. The development of an administrative case definition of diabetes is often S ma
25 related to pragmatic considerations (type of data on hand) however, this systematic review 33 é
g? provides health services researchers important information on how given definitions may g%g
28 perform given definition characteristics. g% g
29 350
30 There was considerable “within data definition” variation in measures of validity. This variation § (Fé;g
31 likely reflects that neither physician claims nor hospital discharge data are primarily collected for N o
32 surveillance; hence the accuracy of diagnoses coded in these data sources remains suspect. S%QE
33 Physician claims, while potentially rich in clinical information, are not recorded in a standardized S5 =
34 - . - . . . 58
35 manner. Billing practices do vary by practitioner, which may in turn be influenced by the nature 3 %:37
36 of physician reimbursement (salary versus fee for service). Further, individuals with diabetes gf@_g
37 commonly carry multiple comorbidities, so while patients may have diabetes and be seen by a e 5
38 physician, providers will file billing claims for conditions other than diabetes[32-33]. In contrast, > 3
39 hospital discharge data are limited to clinical information that is relevant to an individual g’!_ -(gD
40 hospitalization, capturing diagnostic and treatment information usually for a brief window of = 2
j; time. The advantage of hospital discharge data for surveillance is that discharge diagnostic and i 3
43 medical procedure information are recorded by medical coders with standardized training with 2 3
44 a detailed review of medical charts. However, the standard method of discharge coding does ‘é g
45 vary regionally and thus one will still see variation around validity estimates based on these 5 2
46 differences in coding practices. % S
47 S 2
48 What are considered ideal performance parameters will vary based on the clinical condition of 5 z
49 interest, the nature of surveillance and the type of data being used for surveillance. When @_ 2B
50 . . L . . o O
51 studying diabetes trends and incidence rate, a case definition that has high but balanced )
52 measures of PPV and sensitivity is preferred. This will ensure maximal capture of potential Py
53 patients and that patients captured likely have diabetes. This systematic review suggests that 3
54 the commonly used two physician outpatient billings and/or one hospitalization, within a certain ®
35 period of time is appropriate. It is also important to recognize that the data source used may g
56 also affect the type of patient identified with administrative data definitions. Hospital discharge S
g; data (when used in isolation) will potentially identify patients with more advanced disease or é
59 Z
60 o
7 o
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more complications and therefore may not be fully representative of the entire diabetes
population. Similarly, physician claims data may identify a comparatively well, ambulatory
population that has access to physician care in the community.

The greatest strength of this systematic review is its inclusiveness - the search strategy was not
restricted by region, time or any particular case definition of diabetes. Most of the studies, 15
out of the 16, included in the qualitative analysis were conducted in North America with high
sensitivity and specificity estimates between the cases identified through the administrative
data versus medical records and the administrative data versus population-based surveys across
studies; suggesting that public administrative data are a viable substitute for diabetes
surveillance. Lastly, the study quality across all studies included was generally high as measured
by the QUADAS scale.

There is the potential for a language bias as articles whose full-texts were not available in
English were not considered. There are potential limitations for all reference standards used to
validate administrative definitions for diabetes. The accuracy of charts reviews depends
principally on physician documentation availability of records, and the accuracy of coding[34].
Self-reported surveys and telephone surveys are prone to recall bias, social desirability bias,
poor understanding of survey questions, or incomplete knowledge of their diagnosis. Self-
reported surveys can also suffer from participation biases as individuals with low diabetes risk
may be less willing to participate whereas certain patients with advance diabetes may be too
unwell to participate. Age, sex, and an individual’s level of education can have an effect on the
reporting of diabetes[35-37]. Those with poorly controlled diabetes have been found to
underreport their disease status[38].

Lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in
studies using administrative databases. In this systematic review, we included only adult
population (> 18 years of age) which is primarily the type 2 diabetes population.

Generalizability

As previously mentioned, 90% of included studies were conducted in North America and
therefore these validation studies are highly comparable. However, even though these studies
are nested in the general population, the selected diabetes cohorts used in the validation
studies may not always be truly representative of the general population.

CONCLUSION

Most studies use similar case definitions that require one or more diagnoses of diabetes using
ICD-9 (or ICD-9-CM) or ICD-10. The overall quality of most of the case definitions included in this
review are good. The performance characteristics of these case definitions depends on the
version of ICD coding system used, variations in the definition of primary diagnosis in ICD-coded
health data, the use of fee-for service payment model or salary based model for physicians and
primary care providers, and/or the methodology adopted by the health care facility to extract
information from patient records.

This review demonstrates that sensitivity and specificity will vary with data sources used
(physician claims or hospital discharges) and duration of observation period. A conclusive
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7 specificity and PPV. Overall, administrative health databases are useful for undertaking diabetes %
8 surveillance[39-40] but the awareness of the variation in performance characteristics being g
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Table 1. Study Quality Characteristics using QUADAS Tool
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QUADAS Tool
Item

21
Hux

. 2
Robinson
2

.1
Borzecki
3

Wilchesky2
3

1
Crane

24

So

Chen®

Nedkoff?
8

26
Quan

Young2
7

Hebert"
5

Ngo

1
Rector
7

. 1
Miller
8

Singh19

2
O'Connor
0

Was the
spectrum of
patients
representative
of the patients
who will
receive the test
in practice?*

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were selection
criteria clearly
described?

Yes

Yes

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Is the
reference
standard likely
to correctly
classify the
target
condition?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Is the time
period
between
reference
standard and
index test short
enough to be
reasonably
sure that the
target
condition did
not change
between the

two tests?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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1
2
3
4
Did the whole
5
6 sample ora
random
7 selection of the
8 .
sample,. r.ece.lve Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
9 verification
10 using a
11 reference
standard of
12 diagnosis?*
13 Did patients
14 receive the
15 same reference
16 standard Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
17 regardless of
the index test
18 result?*
19 Was the
20 reference
standard
21
22 independent of
the index test
23 . . Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
(i.e. the index
24 test did not
25 form part of
the reference
26
standard)?
gg Was the
execution of
29 the index test
30 d.e.SCI’Ibed |r1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
31 sufficient detail
32 to permit
33 replication of
34 the test?
Was the
35 execution of
36 the reference
37 stz?mdar.d Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
33 described in
sufficient detail
39 to permit its
40 replication?
41
42
43
44
45
. . . . . . 13
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Were the index
test results
interpreted

without
knowledge of
the results of
the reference
standard?*

Yes

Yes

Yes

Yes

Unclea
r

BMJ Open

Unclea
r

Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Yes

Were the
reference
standard
results
interpreted
without
knowledge of
the results of
the index
test?*

Yes

Yes

Yes

Yes

Yes

Yes Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were the same
clinical data
available when
test results
were
interpreted as
would be
available when
the test is used
in practice?

Unclea
r

Unclear

Yes

Yes

Yes

Unclea
Yes . Yes

Yes

Yes

Unclear

Yes

Yes

Yes

Yes

Unclear

Were
uninterpretabl
e/
intermediate
test results
reported?

No

No

No

Yes

No

No No No

No

No

No

No

No

No

No

Yes

Were
withdrawals
from the study
explained?

Unclea

Unclear

No

No

No

Unclea
No Yes

Unclea

Unclea

Unclear

No

No

No

Unclea

Unclear

Score
(Maximum 14)

11

11

10

12

10

12

12

11

11

12

12

12

12
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assessment
(Maximum 5)
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QUADAS tool is extracted from table 2 of Whiting P, Rutjes AW, Reitsma JB, et al. The development of QUADAS: a tool for the quality assessment of studies of diagnostic accuracy included in

systematic reviews. BMC Med Res Methodol.2003;3:25".

Table 2: Study Characteristics and Test Measures of Studies for Physician Claims Data
(Superior performance characteristics within studies have been highlighted in bold.)

Country

Study
Year

Auth or[Reference]

Reference

Type of
Administrative
Data

Definition/ICD Codes
Used

Study, N

Sensitivity %
(95% Cl)

Specificity %
(95% Cl)

PPV %
(95% ClI)

NPV %
(95% ClI)

Kappa

Canada

1995 -
1996

Wilcheky?™

Medical Chart

Physician
Claims

Using only diagnoses
recorded in the claims
of study physicians
[ICD-9 250.0 - 250.9]

2,752

51.78
(49.9, 53.6)

98.41
(98.2, 98.6)

Using diagnostic codes
recorded on claims
made by all physicians
who provided medical
services to patients in
the year prior to the
start of the study
[ICD-9 250.0 - 250.9]

64.43
(62.6, 66.2)

96.82
(96.5,97.1)
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USA

USA

1997 -
2001

1998 -
1999

14
Crane

.13
Borzecki

Clinician
documentation
in Electronic
Medical Record
progress notes

Medical Charts

Physician
Claims

Physician
Claims

BMJ Open

At least one clinician-
coded diagnoses
[ICD 9 250.0, 250.1,
250.2, 250.3]

At least one diagnosis
in National Department
of Veterans Affairs (VA)

database, Out-Patient
Clinic file over one year

[ICD 9 250.x]

1,441

1,176

93
(86, 100)

99
(99, 100)

91
(83,99)

At least two diagnoses
in National Department
of Veterans Affairs (VA)

database, Out-Patient
Clinic file over one year
[ICD 9 250.x]

At least one diagnosis
in National Department
of Veterans Affairs (VA)

database, Out-Patient

Clinic file over two
years
[ICD 9 250.x]

USA

1992 -
1995

Hebert®™

Self-reported
Survey

Physician
Claims

At least two diagnoses
in National Department
of Veterans Affairs (VA)

database, Out-Patient

Clinic file over two
years
[ICD 9 250.x]

One or more diagnoses
of diabetes in any claim
file over 1-year period
[ICD 9-CM 250.00 -
250.93, 357.2, 362.0 -
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1
2
3
4
5 362.02, 366.41]
6
7 One or more diagnoses
8 of diabetes in any claim
9 file over 2-year period
10 [1CD 9-CM 25000 - 79.1 94.3 71.4
11 250.93, 357.2, 362.0 -
12 362.02, 366.41]
13 [N I A N A N
14 } - Two or more ICD-9
usa | 1993 0'Connor® Telephone Physician diagnostic codes | 1,976 92.22* 98.62* 76.15* 99.63*
15 1994 Survey Claims 11CD 9 250.x]
16 -
Y T 1
18 usa | 1996- Singh® Self-reported Physician Vemrﬂ;:;i’; 76 98 91 95 0.79
19 1998 & Survey Claims (16D 9 250] (75 - 76) (98- 98) (91-91) (94 - 95) (0.79 - 0.80)
20
21 [ A N N
22 Oregon Medicaid
Claims Data, Any claim
23 Self-reported Physician < 24 months before 0.81
24 USA 1997 Ngo™ SurSe C}'aims interview witha | 21,564 83.9 97.9 81.9 98.2 (0.77-085)
25 v diabetes diagnosis code ) ’
26 [ICD 9 250, 357.2, 362,
27 366.41]
28 Oregon Medicaid
Claims Data, Any claim
29 < 12 months before 0.8
30 interview with a 88.7 97.4 76.4 98.9 (0.76 - 085)
31 diabetes diagnosis code ’ ’
32 [ICD 9 250, 357.2, 362,
366.41]
33
34 - r - - [ 7 ° [ [ ]
35 ) 3 Physician Any diagnostic code
36 USA 1293070 Miller'® Se'fs[ﬁs:rmd Claims [ICD 9 250, 357.2, | 2,924,148 78.3 95.7 85.3
37 Y (Medicare) 362.0, 366.41]
Any out-patient
38 diagnostic code
39 [ICD 9 250, 357.2, 75 959 858
40 362.0, 366.41]
41
42
43
44
45 17
46 ‘sa1Bojouyoa) feflurLEis CFRNYeR Y B hiln BeH PREFXBITY) (Fne(s11648R A0} B sHd efy B1Kdds Aq pe1oaloid
47 * (s39gV) Jnaiadns 1uswaublasug
48 19panbiydesbollqig 8ouaby Je G20z ‘2T aunr uo /wod fwg uadolway/:dny woly papeojumod ‘9Tz ISnBny G U0 2G6600-GTOZ-uadolwag/9eTT 0T Se paysiignd 1siy :uado CINg

N
o]


http://bmjopen.bmj.com/

P OO~NOUILAWNPE

ADABADIMDPPDEDIMDWOWWWWWWWWWNDNNNNNNNNNRPRERPRPERPRERERRPR
~NO OB WNRPOOO~NOOOPRWNRPOOONODUPRAWNRPOOO~NOOUUMWNEO

S D
O

BMJ Open

> 2 any diagnostic code
[ICD 9 250, 357.2, 73.1
362.0, 366.41]

98.3

> 2 out-patient codes
[ICD 9 250, 357.2, 72.2
362.0, 366.41]

98.4

> 3 any diagnostic code
[ICD 9 250, 357.2, 69
362.0, 366.41]

98.4

> 3 out-patient codes
[ICD 9 250, 357.2, 68
362.0, 366.41]

98.9

> 4 any diagnostic code
[ICD 9 250, 357.2, 65
362.0, 366.41]

99.1

96

> 4 out-patient codes
[ICD 9 250, 357.2, 63.8
362.0, 366.41]

99.2

96.2

PPV: Positive Predictive Value

NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM:: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of individuals who truly do have the disease/condition.

Specificity identifies the proportion of individuals who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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Table 3: Study Characteristics and Test Measures of Studies for Hospital Discharge Data
(Superior performance characteristics within studies have been highlighted in bold.)

N =
o ©

Type of
AuthorlReferencel Reference Administrative Definition/ICD Codes Used
Data

N
=

Study
Year

Study, | Sensitivity % | Specificity % PPV % NPV %

N (95% C1) (95% Cl) (95% C1) (95% Cl) Kappa

Country

N
N

N
w

80 98.3 80 98.3
93 (51.91, (95.15, (51.91, (95.15,
95.67) 99.65) 95.67) 99.65)

Canada 1995 - so Medical Hospital Diabetes with Complications

2000 Chart Discharge Data [ICD-9 250.1 -250.9]

NN
[S >N

NN
~N O

Diabetes with Complications
2001 - [ICD-10 E10.0-E10.8, E11.0 -
2004 E11.8 E12.0-E12.8, E13.0-
E13.8, E14.0-E14.8]

N
[os]

66.7 98.9 83.3 97.2
(38.38, (96.00, (51.59, (93.67,
88.18) 99.86) 97.91) 99.10)

WwWwwN
NP~ O ©

w
w

w
N

Diabetes with Chronic
Complications | 4,008 63.6 98.9 62.5 929 0.62
[ICD 9 250.4 -250.7]

Medical Hospital
Chart Discharge Data

w
ol

Canada 2003 Quan®

w
»

A DDA WWW
GO WNPEFE OWOOW-N
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Diabetes with Chronic
Complications
[ICD 10 E10.2 - E10.5, E10.7,
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E11.2-E11.5,E11.7, E12.2 - 59.1 99 63.1 98.9 0.6
E12.5,E12.7,E13.2- E13.5,
E13.7,E14.2 - E14.5, F14.7]
Diabetes without Chronic
Complications
[ICD 9 250.0 -250.3, 250.8, 77 984 86.5 97 08
250.9]
Diabetes without Chronic
Complications
[E10.0, E10.1, E10.6, E10.8,
E10.9, E110, E11.1, F11.6,
E11.8 E11.9,E12.0,E12.1, 75.8 98.7 88.5 96.8 0.79
E12.6, E12.8,E12.9, E13.0,
F13.1, E13.6, E13.8, E13.9,
F14.0, E14.1, E14.6, E14.8,
E14.9]
. . Look back period: Index
X\Lesi:zlrlg 1998 Nedkoff*® Mci‘i'fta' Discl-r:c:rp:a;a o admission | 1,685 91.1 98.7 933 97.4 0.912
g [ICD 9/ICD-9 CM 250]
1-year 91.6 98.1 92.8 97.6 0.902
2-years 92.1 97.9 92.1 97.8 0.903
5-years 92.4 97.7 91.9 97.8 0.9
10-years 92.6 97.6 91.4 97.8 0.9
15-years 92.6 97.5 97.8 0.897
2002— Look back period: Index
o4 admission | 2,258 81.5 98.2 96 90.8 0.825
[ICD 10-AM E10-E14]
1-year 86.3 97.3 94.4 93 0.853
2-years 87.3 96.7 93.5 93.4 0.854
5-years 89.3 959t 92.2 94.4 0.859
10-years 89.6 95.6 T 91.6 94.5 0.856
20
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15-years 89.6 95.5t 91.5 94.5 0.855

Hospital
Discharge Data
and Physician

Claims

Self- 1, 2 or 3 physician claim or 1
hospitalization over 3 years

[ICD 9 CM]

1989 -

Canada Robinson® reported

1990 Survey

PPV: Positive Predictive Value

NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of individuals who truly do have the disease/condition.

Specificity identifies the proportion of individuals who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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Table 4: Study Characteristics and Test Measures of Studies for both Physician Claims Data and Hospital Discharge Data

BMJ Open

(Superior performance characteristics within studies have been highlighted in bold.)
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Type of o .
Study [Reference] S ) . Study, Sensitivity % Specificity % PPV % NPV %
Country Vear Author Reference Admlg;stt;atlve Definition/ICD Codes Used N (95% Cl) (95% Cl) (95% Cl) (95% Cl) Kappa
Physician Claims One Physician Service Claims
Canada 1992 - Hux® Medical and Hospital or One I.—|osp|tz.allzat|c'>n with 3,317 91 92* 61 99*
1999 Chart Discharee Data diagnosis of diabetes
& [ICD-9 250.x]
Two Physician Service Claims
or One I.-|osp|te.;\||zat|(')n with 36 97* 20 9g*
diagnosis of diabetes
[ICD-9 250.x]
3 Years Observation Period
. Physician Claims Data 0.65
2000 - 25 Medical ) 95.6 92.8 54 99.6
Canada Chen and Hospital [ICD 9 250.xx, ICD 10 E10.x— | 3,362 (0.61—
2002 Chart Discharge Data E14.] (92.5-97.7) (91.9-93.7) (49.6-58.5) (99.4-99.8) 0.69)
2 Years Observation Period
Data 0.77
86.4 97.1 72.4 98.8
[ICD 9 250.xx, ICD 10 E10.x— B B (0.73-
E14.x] (82.4-90.5) (96.5-97.7) (67.5-77.3) (98.4-99.2) 0.81)
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1
2
3
4
5 3 Years Observation Period
6 Data 0.82
- . 91.2 97.6 721 99.2
7 Physician Claims [ICD 9 250.xx, ICD 10 E10.x— (87.9-94.6) (97.1-98.1) (67.5-76.9) (98.9-99.5) (0.78-
8 E14.x] 0.85)
9
10 2 Years Observation Period
11 Data 0.82
76.6 99.3 90.9 98
12 [ICD 9 250,06 1CD 10 E10.x— (71.5-81.6) | (99.0-99.6) | (87.2-94.6) | (97.5-98.4) | 780~
13 E14.x] 85.5)
14
15
16
17 Hospital . .
Telephone Discharge Data One 1999 claim with dx
18 USA 1999 Rector’ P ge” [ICD 9 250.xx, 357.2%, 362.0x, | 3,633 90 93
surveys and Physician 366.41]
19 Claims ’
20
21
22 One 1999 face-to-face
23 encounter claim with dx 22 %
[ICD 9 250.xx, 357.2x, 362.0x,
24 366.41]
25
26 One 1999 face-to-face
27 encounter claim with primary
28 dx 72 98
29 [ICD 9 250.xx, 357.2x, 362.0x,
30 366.41]
31
32 Two 1999 claims with dx
33 [ICD 9 250.xx, 357.2x, 362.0x, 85 96
34 366.41]
35
36 Two 1999 face-to-face
37 encounter claims with
38 primary dx 70 98
39 [ICD 9 250.xx, 357.2x, 362.0x,
366.41]
40
41
42
43
44
45 23
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Two 1999 face-to-face
encounter claims with
primary dx

57

99

1999 -
2000

One 1999 or 2000 claim with
dx

[ICD 9 250.xx, 357.2x, 362.0x,
366.41]

95

88

One 1999 or 2000 face-to-
face encounter claim with dx
[ICD 9 250.xx, 357.2x, 362.0x,

366.41]

94

92

One 1999 or 2000 face-to-
face encounter claim with
primary dx

[ICD 9 250.xx, 357.2x, 362.0x,
366.41]

87

96

Two 1999 or 2000 claims with
dx

[ICD 9 250.xx, 357.2x, 362.0x,
366.41]

93

93

Two 1999 or 2000 face-to-
face encounter claims with dx
[ICD 9 250.xx, 357.2x, 362.0x,
366.41]

91

95

Two 1999 or 2000 face-to-
face encounter claims with
primary dx

[ICD 9 250.xx, 357.2x, 362.0x,
366.41]

77

98
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(MHSC) or payment]
[ICD 9-CM]

PPV: Positive Predictive Value

NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM:: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of individuals who truly do have the disease/condition.

Specificity identifies the proportion of individuals who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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2

2 Appendix A: PRISMA Checklist 2009

5

6 Section # Checklist Item Reported on
7 Page Number
?TITLE

ELd'itIe 1 Identify the report as a systematic review, meta-analysis, or both. Page 1
-L’J;ABSTRACT

:L§tructured summary 2 Provide a structured summary including, as applicable: background; objectives; data Page 2
14 sources; study eligibility criteria, participants, and interventions; study appraisal and

15 synthesis methods; results; limitations; conclusions and implications of key findings;

16 systematic review registration number.

] gNTRODUCTION

{QRationale 3 Describe the rationale for the review in the context of what is already known. Page 3
j;gbbjectives 4 Provide an explicit statement of questions being addressed with reference to Page 3
T participants, interventions, comparisons, outcomes, and study design (PICOS).

SIMETHODS

2%rotocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), | N/A

‘:E and, if available, provide registration information including registration number.

éufligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics | Page 4
28 (e.g., years considered, language, publication status) used as criteria for eligibility,

29 giving rationale.

30nformation sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with Page 3
31 study authors to identify additional studies) in the search and date last searched.

E;§earch 8 Present full electronic search strategy for at least one database, including any limits Appendix A
34 used, such that it could be repeated.

Eﬁtudy selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic | Page 4
:27 review, and, if applicable, included in the meta-analysis).

E;g)ata collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in | Page 4
39 duplicate) and any processes for obtaining and confirming data from investigators.

#bata items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) Page 4
4% and any assumptions and simplifications made.

zigRisk of bias in individual studies | 12 | Describe methods used for assessing risk of bias of individual studies (including Page 4
44 specification of whether this was done at the study or outcome level), and how this

45 information is to be used in any data synthesis.

1 @ummary measures 51804 WEMWEWWMW?@;ﬁ;@@gﬁﬁk@f@éh@bﬁ(ﬁmﬂ@b‘ﬁlemﬁth Aq|phiy101d
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1
2
;1 Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, N/A
3 including measures of consistency (e.g. I%) for each meta-analysis.
fi Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., N/A
E; publication bias, selective reporting within studies).
ILoAdditionaI analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- N/A
11 regression), if done, indicating which were pre-specified.
12
1RESULTS
14
:L‘éStudy selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, Figure 1
17 with reasons for exclusions at each stage, ideally with a flow diagram.
18
1%tudy characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, Tables1-4
‘;2 PICOS, follow-up period) and provide the citations.
'-f)
é?isk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level N/A
24 assessment (see item 12).
25
2&Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple N/A
18 summary data for each intervention group (b) effect estimates and confidence
259 intervals, ideally with a forest plot.
30
3Pynthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and N/A
32 measures of consistency.
33
:;Shisk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). N/A
36
3Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta- | N/A
38 regression [see Iltem 16]).
39
HbiscussioN
41
42
adummary of evidence 24 | Summarize the main findings including the strength of evidence for each main Pages 6,7
44 outcome; consider their relevance to key groups (e.g., healthcare providers, users, and
45 policy makers). _ _ _ o
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;1 Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level Page 7
3 (e.g., incomplete retrieval of identified research, reporting bias).

(0)

T Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and Page 7
g implications for future research.

] FUNDING

12

1Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply Page 8
tg of data); role of funders for the systematic review.

16

18 PRISMA 2009 Checklist was extracted from Liberati A. The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Health Care Interventions:
19 Explanation and Elaboration. Ann. Intern. Med. 2009;339:b270011.
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ABSTRACT

Objectives: With steady increases in ‘big data’ and data analytics over the past two decades,
administrative health databases have become more accessible and are now used regularly for
diabetes surveillance. The objective of this study is to systematically review validated
International Classification of Diseases (ICD) based case definitions for diabetes.

Methods: Electronic databases were searched for validation studies where an administrative
case definition was validated.

Results: The search yielded 2,895 abstracts and of the 193 potentially relevant studies, 16 met
criteria. Sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, PPV ranged
from 71.4 to 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from 0.8 to 0.9 in studies
using physician claims data. Sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5
to 99%, PPV ranged from 62.5 to 96%, NPV ranged from 90.8 to 99%, and kappa ranged from 0.6
to 0.9 in studies using hospital discharge data. Sensitivity ranged from 57 to 95.6%, specificity
ranged from 88 to 98.5%, PPV ranged from 54 to 80%, NPV ranged from 98 to 99.6% and kappa
ranged from 0.7 to 0.8 in studies using a combination of both.

Conclusion: Performance characteristics of case definitions depends on the variations in the
definition of primary diagnosis in ICD-coded data, the use of fee-for service payment model or
salary based model for physicians, and/or the methodology adopted by the health care facility
to extract information from patient records. The purpose of surveillance and type of data being
used should command the performance parameters of a case definition. Approaches used in
developing case definitions can be pragmatic and result in high sensitivity, specificity and PPV.
Overall, administrative databases are useful for undertaking diabetes surveillance but an
awareness of the variation in performance being affected by case definition is essential.

STRENGTHS AND LIMITATIONS

e The greatest strength of this systematic review is its inclusiveness - the search strategy was
not restricted by region, time or any particular diabetes case definition of diabetes.

Most of the studies, 15 out of the 16 included in the qualitative analysis were conducted in
North America with high sensitivity and specificity estimates between the cases identified
through the administrative data versus medical records and the administrative data versus
population-based surveys across studies, suggesting that public administrative data are a
viable substitute for diabetes surveillance.

Lastly, the study quality across all studies included was generally high, as measured by the
QUADAS scale.

There is the potential for a language bias as studies whose full-texts were not available in
English were not considered.

There are potential limitations for all reference standards used to validate administrative
definitions for diabetes. The accuracy of charts reviews depends principally on physician
documentation, availability of records, and the accuracy of coding[34]. Self-reported surveys
and telephone surveys are prone to recall bias, social desirability bias, poor understanding
of survey questions, or incomplete knowledge of their diagnosis. Self-reported surveys can
also suffer from participation biases as patients with low diabetes risk may be less willing to
participate whereas certain patients with advance diabetes may be too unwell to
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1 O
2 3
2 participate. Age, sex, and patient’s level of education can have an effect on the reporting of Z
5 diabetes[35-37]. Those with poorly controlled diabetes have been found to underreport @
6 their disease status[38]. e
7 e Lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in %
8 studies using administrative databases. In this review we included only those > 18 years of g
9 age that is primarily the type 2 diabetes mellitus population. o
10 o b
11 BACKGROUND s 2
12 o P
O w
13 : §
14 Diabetes is a chronic disease that has increased substantially during the past 20 years[1]. At o 3
15 present, diabetes is the leading cause of blindness[2], renal failure[3], non-traumatic lower limb i S
16 amputations[4], and is a major risk factor for cardiovascular disease[5]. Because of its chronic § $
17 nature, the severity of its complications and the means required to control it, diabetes is a costly a §
18 disease. The healthcare costs associated with this condition are substantial, and can account for S
19 . = 3
20 up to 15% of national health care budgets[6]. 2 @
22 Understanding the distribution of diabetes and its complications in a population is important to 2 S
23 understand disease burden and to plan for effective disease management. Diabetes surveillance 5] g
24 systems using administrative data can efficiently and readily analyze routinely collected health- 5 mea
Sg related information from healthcare systems and provide reports on risk factors, care practices, 3 § é
27 morbidity, mortality, and estimate incidence and prevalence at a population level[7]. With ggg
28 steady increases in ‘big data’ and data analytics over the past two decades, administrative g%’ o
29 health databases have become more accessible to health services researchers and are now used 528
30 regularly to study the processes and outcomes of healthcare. However, administrative health § c(_p%
31 data are not collected primarily for research or surveillance. There is a need for health N ;g,
32 administrative data users to examine the validity of case ascertainment in their data sources 2 § 2
33 before use[8]. E;:
34 2>S
35 322
36 By definition, surveillance depends on a valid case definition that is applied constantly over 203
=]
37 time. A case definition is set of uniform criteria used to define a disease for surveillance[9]. Q- §
38 However, a variety of diabetes case definitions exist, resulting in variation in reported diabetes z 3
39 prevalence estimates. A systematic review and meta-analysis of validation studies on diabetes o ;D
40 case definitions from administrative records has been performed[10]. This review aimed to 2 ;
j; determine the sensitivity and specificity of a commonly used diabetes case definition, ‘two 2 3
43 physician claims or one hospital discharge abstract record within a two-year period’ and its 2 38
44 potential effect on diabetes prevalence estimation. Our study extends this body of work by ‘é g
45 systematically reviewing validated International Classification of Diseases (ICD), 9th edition (ICD- 5 o
46 9) and ICD-10 based case definitions for diabetes and comparing the validity of different case % =
a7 definitions across studies and countries. s 2
48 3 N
o N
49 METHODS e S
50 2 o
51 Coa
52 Search Strategy %
53 S
54 This systematic review was performed using the Preferred Reporting Items for Systematic i
eviews and Meta-Analyses guidelines ppendix A]. Two citation databases, =
55 Revi d Meta-Anal PRISMA) guidelines[11][A dix A]. Two citation datab =
g? Medline and Embase, were searched using an OVID platform from 1980 until September, 2015. g
e search strategy consisted of the following set of terms [Appendix B]: ealth services ©
58 Th h strat isted of the followi tof t [A dix B]: (1) [health i ;
>
59 5
60 @
3 ®
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research or administrative data or hospital discharge data or ICD-9 or ICD-10 or medical record
or health information or surveillance or physician claims or claims or hospital discharge or
coding or codes] AND (2) [validity or validation or case definition or algorithm or agreement or
accuracy or sensitivity or specificity or positive predictive value or negative predictive value]
AND (3) medical subject heading terms for diabetes. Searches were limited to human studies
published in English. The broad nature of the search strategy allowed for the detection of
modifications of ICD codes, such as international clinical modification (e.g. ICD-9-CM).

Study Selection

Studies were evaluated in duplicate for eligibility in a two-stage procedure. In stage one, all
identified titles and abstracts were reviewed and in stage two, a full text review was performed
on all studies that met the predefined eligibility criteria. If either reviewer defined a study as
eligible in stage one, it was included in the full-text review in stage two. Disagreements were
resolved by discussion or consultation with a third reviewer.

Inclusion/Exclusion Criteria

A study was included in the systematic review if it met the following criteria: (1) study
population included those > 18 years of age with type 1 diabetes mellitus or type 2 diabetes
mellitus (2) statistical estimates [sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV) or, kappa] were reported or could be calculated; (3) an ICD-9 or ICD-10
case definition for diabetes was reported and validated; (4) a satisfactory reference standard
(e.g. self-report from population-based surveys or patient medical chart reviews); and (5) if it
reported on original data. Studies validating diabetes in specialized populations (e.g.
cardiovascular disease) were excluded to ensure the diabetes case definitions would be
generalizable. Studies not employing a sole medical encounter data in their diabetes case
definition (e.g. inclusion of pharmacy or laboratory data) were also excluded, as the
independent validity of such definitions could not be calculated. Bibliographies of included
studies were manually searched for additional studies, which were then screened and reviewed
using the same methods described above.

Data Extraction and Quality Assessment

Primary outcomes were sensitivity, specificity, PPV, NPV, and kappa reported for each of the
ICD-coded diabetes case definition. Other extracted data included sample size, and ICD codes
used. If statistical estimates were not reported in the original paper, estimates were calculated
from data available.

Calculating a pooled estimate of surveillance performance measures using meta-analytic
techniques was deemed inappropriate given the heterogeneity of diabetes case definitions and
reference standards used across studies. Data were tabulated by type of administrative health
data used. Study quality was evaluated using the Quality Assessment Tool for Diagnostic
Accuracy Studies (QUADAS) criteria[12].

RESULTS

Identification and Description of Studies
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1 g
2 2
3 S
g A total of 2,895 abstracts were identified with 193 studies reviewed in full text, of which 16 @
6 studies met all eligibility criteria (Figure 1). Eight of these studies were conducted in the United =
7 States[13-20], seven in Canada[21-27], and one in Australia[28]. Thirteen studies used ICD-9 %
8 codes[13-19, 21-23, 26-28] and the remaining three studies used both ICD-9 and ICD-10 3
9 codes[23-25]. None of the studies differentiated or commented as to whether a particular code ;‘,
10 of interest was in the primary or in one of the secondary diagnostic positions. Of the 16 studies o ‘é
E reviewed, eight used medical records[13-14, 21, 23-26, 28], and eight used either self-reported % =
13 surveys or telephone surveys to validate the diabetes diagnosis[15-20, 22-27]. Eight studies used % 3
14 physician claims data[13-16, 18-20, 23], four studies used hospital discharge data [22, 24, 26, g c3r
15 28], and four studies used a combination of both[17, 21, 25, 27]. Two studies used electronic ﬁ g
16 medical records (EMRs) as their health data source[29, 30] but these were removed from the § $
g review since EMRs were not a part of our search strategy. a §
= 9

:zlg The QUADAS scores (Table 1) ranged from 9 to 13, out of a maximum of 14. Five questions were g %
21 selected from QUADAS to constitute the ‘bias assessment’. Regardless of quality assessment g @
22 scores, all 16 studies are discussed in this systematic review. 2 S
23 g g
24 The sample size varied from 93 to ~3 million people. Sensitivity and specificity values were S ma
25 available from all 18 studies, PPV in 16 studies, NPV in 12 studies, and kappa in six. All 16 studies %3 E
g? were categorized by the type of administrative health data source being used. g%g
28 g3°
29 Physician Claims Data 338
30 503
31 Table 2 lists the eight studies[13-16, 18-20, 23] using physician claims data. In these studies, the N S
32 sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, PPV ranged from S%QE
33 71.4 t0 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from 0.8 to 0.9. Four out of the §i§
gg eight studies using physician claims data had a least one diabetes case definition where both g %i
36 sensitivity and specificity exceed 80%. gf@_g
37 Q- §
38 Studies comparing physician claims based case definitions over multiple years [13, 15-16] > 3
39 consistently show increases in sensitivity values and a slight decrease in specificity and PPV over g’!_ -(gD
40 time. This relationship is consistent with the study[18] looking at changes in the statistical = 3
41 . . . . . : . a g
42 estimates with increasing the number of appearance of diagnostic codes in the case definition — > 3
43 the sensitivity was the highest when any diagnostic code (in-patient or out-patient) was used, 2 3
44 while the specificity and PPV were the highest when most number of out-patient diagnostic ‘é g
45 codes were used. 5 2
46 g S
47 Hospital Discharge Data s 2
48 3 N
gg Table 3 lists the four studies[22, 24, 26, 28] using only hospital discharge data. In these studies, c:SD_ g
51 the sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5 to 99%, PPV ranged from )
52 62.5 to 96%, NPV ranged from 90.8 to 99%, and kappa ranged from 0.6 to 0.9. Two out of the Py
53 four studies using hospital discharge data had a least one diabetes case definition where both 3
54 sensitivity and specificity exceed 80%. In contrast to the physician claims based case definitions, ®
35 the sensitivity seemed to improve when a longer duration was used in the case definition, g
gs however the specificity and the PPV behaved inversely. S
58 g
59 Z
60 o
5 ®
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Combination of Physician Claims and Hospital Discharge Data

Table 4 lists out the four studies[17, 21, 25, 27] using a combination of physician claims and
hospital discharge data. In these studies, the sensitivity ranged from 57 to 95.6%, specificity
ranged from 88 to 98.5%, PPV ranged from 54 to 80%, NPV ranged from 98 to 99.6% and kappa
ranged from 0.7 to 0.8. Using a combination of two or more data sources increases the
minimum value of the range for sensitivity compared to using either physician claims or hospital
discharge data based definitions individually. All four of the studies using a combination of
physician claims and hospital discharge data had a least one case definition where both
sensitivity and specificity exceed 80%.

Another factor affecting the statistical estimates is the number of claims being used in the
definition. Rector et al.’s study[17] shows consistent results where the sensitivity is higher when
at least one claims data is used in the definition, but the specificity is higher when at least two
are used. Lastly, Young et al.’s study[27] demonstrates the highest sensitivity when 2 physician
claims and 2 hospital discharge data are used in the definition and the highest specificity when
one physician claim and two hospital claims are used in the definition.

A secondary tabulation of data was performed by the type of ICD coding system used. Eight
studies using ICD-9 coding systems are from the United States and four studies from Canada.
Four studies use both ICD-9 and ICD-10 coding systems — three of these are from Canada and
one from Western Australia. In studies using ICD-9 codes, sensitivity ranged from 26.9 to 100%,
specificity ranged from 88 to 100%, PPV ranged from 21 to 100%, NPV ranged from 74 to 99.6%,
and kappa ranged from 0.6 to 0.9; whereas, in the studies using ICD-10 codes, the ranges for
sensitivity (59.1 to 89.6%) and specificity (95.5 to 99%) narrowed significantly, and PPV ranged
from 63.1 to 96%, NPV ranged 90.8 to 98.9%, and kappa ranged from 0.6 to 0.9.

DISCUSSION

In this systematic review, case definitions appear to preform te-perferm-orereliably better
when more data sources are used over a longer observation period. The outcomes with respect

to sensitivity, specificity and PPV for each of these studies seem to differ due to variations in the
definition of primary diagnosis in ICD-coded health data, the use of hospital discharge versus
physician billing claims, and by the geographical location.

The validity of diabetes case definitions varies significantly across studies, but we identified
definition features that were associated with-better performance. The combinations of more
than one data source, physician claim and /or hospital discharge encounter along with an
observation period of more than one year consistently demonstrated higher sensitivity with only
a modest decline in specificity. These definition characteristics are present in the definition used
by the National Diabetes Surveillance System (NDSS) to identify Canadians with diabetes
mellitus[31]. The performance of this particular definition has been widely studied and a meta-
analysis pooling the results of these studies demonstrates a pooled sensitivity of 82.3% (95% Cl
75.8, 87.4) and specificity of 97.9% (95% Cl 96.5, 98.8%)[10].

This systematic review, provides new knowledge on factors that are associated with enhanced

definition performance, and outlines the trade-offs one encounters with respect to sensitivity
and specificity (and secondarily PPV and NPV) related to data source and years of follow up. The
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1 o
2 3
2 development of an administrative case definition of diabetes is often related to pragmatic Z
5 considerations (type of data on hand); however, this systematic review provides health services @
6 researchers with important information on how case definitions may perform given definition =
7 characteristics. %
8 ®
9 There was considerable ‘within-data definition’ variation in measures of validity. This variation ;‘,
10 likely reflects that neither physician claims nor hospital discharge data are primarily collected for o ‘é
E surveillance; hence, the accuracy of diagnoses coded in these data sources remains suspect. % =
13 Physician claims, while potentially rich in clinical information, are not recorded in a standardized % 3
14 manner. Billing practices do vary by practitioner, which may in turn be influenced by the nature g g
15 of physician reimbursement (salary versus fee for service)[23, 32-33]. Furthermore, patients s g
16 with diabetes commonly carry multiple comorbidities, so while patients may have diabetes and § $
17 be seen by a physician, providers will file billing claims for conditions other than diabetes[34- a §
18 35]. In contrast, hospital discharge data are limited to clinical information that is relevant to an ~ g
:zlg individual hospitalization, capturing diagnostic and treatment information usually for a brief g %
21 window of time. The advantage of hospital discharge data for surveillance is that discharge g @
22 diagnostic and medical procedure information are recorded by medical coders with 2 S
23 standardized training with a detailed review of medical charts. However, the standard method 5] g
24 of discharge coding does vary regionally and thus variation around validity estimates based on S ma
Sg these differences in coding practices will be observed. ? § é
TGN

% Ideal performance parameters will vary based on the clinical condition of interest, the nature of §§ o
29 surveillance and the type of data being used for surveillance. When studying diabetes trends 528
30 and incidence rate, a case definition that has high but balanced measures of sensitivity and PPV gég
31 is preferred. This will ensure maximal capture of potential patients and that patients captured N o
32 likely have diabetes. This systematic review suggests that the commonly used two physician a };E
33 outpatient billings and/or one hospitalization, within a certain period of time is appropriate. It is §i§
gg also important to recognize that the data source used may also affect the type of patient g %i
36 identified with administrative data definitions. Hospital discharge data (when used in isolation) gf@_g
37 will potentially identify patients with more advanced disease or more complications and e 5
38 therefore may not be fully representative of the entire diabetes population. Similarly, physician > 3
39 claims data may identify a comparatively well, ambulatory population that has access to g’!_ -(gD
40 physician care in the community. = 3
41 & 3
42 . . L . .
43 The greatest strength of this systematic review is its inclusiveness - the search strategy was not 2 3
44 restricted by region, time or any particular case definition of diabetes. Most of the studies, 15 ‘é g
45 out of the 16, included in the qualitative analysis were conducted in North America with high 5 2
46 sensitivity and specificity estimates between the cases identified through the administrative % S
47 data versus medical records and the administrative data versus population-based surveys across g 3
48 studies; suggesting that public administrative data are a viable substitute for diabetes 5 z
gg surveillance. Lastly, the study quality across all studies included was generally high as measured c:SD_ §
51 by the QUADAS scale. o
52 &
53 There is the potential for a language bias as studies whose full-texts were not available in English 3
54 were not considered. There are potential limitations for all reference standards used to validate ®
35 administrative case definitions for diabetes. The accuracy of charts reviews depends principally g
56 on physician documentation, availability of records, and the accuracy of coding[36]. Self- S
g; reported surveys and telephone surveys are prone to recall bias, social desirability bias, poor é
59 Z
60 o
7 o
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understanding of survey questions, or incomplete knowledge of their diagnosis. Self-reported
surveys can also suffer from participation biases as patients with low diabetes risk may be less
willing to participate whereas certain patients with advance diabetes may be too unwell to
participate. Age, sex, and a patient’s level of education can have an effect on the reporting of
diabetes[37-39]. Those with poorly controlled diabetes have been found to underreport their
disease status[40]. The ideal reference standard would be a clinical measure (such as glucose or
HbA1c) however the use of a clinical reference standard is not often done.

In addition to the limitations of the reference standards used for validation it should also be
noted that even clinical measures as a references standard are imperfect and glucose and
HbA1C are surrogates of the underlying disease process. It should also be noted that glucose
and HbA1C thresholds for diagnosis have changed (albeit modestly) over the past 20 years.
Changes in the clinical definition over time have significant implications to diabetes surveillance.
Understanding changing diagnostic thresholds is critical to interpreting surveillance data.
However, the validity of an administrative data case definition is conceptually related but
somewhat separate from the clinical definition. If we are to understand the clinical definition as
a biologic or physiologic definition that denotes the presence or absence of disease, the
administrative data definitions are a surrogate of disease, and denote presence or absence of
disease based on care for the disease. The administrative definitions identify patients with a
diagnosis of diabetes based on an interaction with the health care system in which they received
care for diabetes. Therefore the application of this definition follows the application of the
clinical definition. There is a presumption that the clinical definition, whatever it may be at the
time of the application, was valid.

Lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in
studies using administrative databases. In this systematic review, we included only adult
population (> 18 years of age) which is primarily the type 2 diabetes population.

Generalizability

Fifteen out of the 16 included studies efincluded-studies were conducted in North America and
therefore it is not surprising that the validation studies report comparable results. However,
even though these studies are nested in the general population, the selected diabetes cohorts
used in the validation studies may not always be truly representative of the general population.

CONCLUSION

Most studies included in this review use similar case definitions that require one or more
diagnoses of diabetes. The performance characteristics of these case definitions depends on the
variations in the definition of primary diagnosis in ICD-coded discharge data, the use of fee-for
service payment model or salary based model for physicians and primary care providers, and/or
the methodology adopted by the health care facility to extract information from patient records.
Purpose of surveillance and the type of data being used should command the performance
parameters of an administrative case definition. Approaches used in developing case definitions
for diabetes can be simple and practical and result in high sensitivity, specificity and PPV.
Overall, administrative health databases are useful for undertaking diabetes surveillance[21, 25]
but an awareness of the variation in performance being affected by case definition is essential.
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QUADAS Tool
Item

21
Hux

. 2
Robinson
2

.1
Borzecki
3

Wilchesky2
3

1
Crane

24
So

Chen”

Nedkoff?
8

26
Quan

Young2
7

Hebert'
5

Ngo1
6

1
Rector
7

- 1
Miller
8

Singh™

2
O'Connor
0

Was the
spectrum of
patients
representative
of the patients
who will
receive the test
in practice?*

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were selection
criteria clearly
described?

Yes

Yes

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Is the
reference
standard likely
to correctly
classify the
target
condition?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Is the time
period
between
reference
standard and
index test short
enough to be
reasonably
sure that the
target
condition did
not change
between the
two tests?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Did the whole
sample or a
random
selection of the
sample, receive

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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1
2
3
4
5 verifica.ution
using a
6 reference
7 standard of
8 diagnosis?*
9 Did patients
10 receive the
11 same reference
12 standard Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
regardless of
13 the index test
14 result?*
15 Was the
16 reference
standard
1; independent of
19 :ih: |tnr:j:?<ntde:; Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
20 test did not
21 form part of
the reference
22 standard)?
23 Was the
24 execution of
25 the index test
26 c.ie.scrlbed ".1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
27 sufficient detail
to permit
28 replication of
29 the test?
30 Was the
31 execution of
the reference
32
33 dessctr?l;f; r]: Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
34 sufficient detail
35 to permit its
36 replication?
37 Were the index
test results
38 interpreted Yes Yes Yes Yes Unilea Uncr:lea Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
38 without
4 knowledge of
41
42
43
44
45
. . . . . . 13
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the results of
the reference
standard?*
Were the
reference
standard
results
interpreted
without
knowledge of
the results of
the index
test?*

Were the same
clinical data
available when
test results

. were | Unclea Unclear Yes Yes Yes Yes Unclea Yes Yes Yes Unclear Yes Yes Yes Yes Unclear
interpreted as r r
would be
available when
the test is used
in practice?
Were
uninterpretabl
e/
intermediate
test results
reported?
Were
withdrawals | Unclea Unclear No No No No Unclea Ves Unclea | Unclea Unclear No No No Unclea Unclear
from the study r r r r r
explained?
Score
(Maximum 14)
Bias
assessment 5 5 5 5 4 4 5 5 5 5 5 5 5 5 5 5
(Maximum 5)

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No No No Yes No No No No No No No No No No No Yes

11 11 10 12 10 9 11 13 12 12 11 11 12 12 12 12

QUADAS tool is extracted from table 2 of Whiting P, Rutjes AW, Reitsma JB, et al. The development of QUADAS: a tool for the quality assessment of studies of diagnostic accuracy included in
systematic reviews. BMIC Med Res Methodol.2003;3:2512.
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Table 2: Study Characteristics and Test Measures of Studies for Physician Claims Data

(Superior performance characteristics within studies have been highlighted in bold.)
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Type of Sensitivity -
Country S::::’ AuthorlReferencel Reference Administrative Diabetes Case Definition ICDugzjes Study, N % Sp(egc;;clé:; % ( ;;)/i Z“I) (g:;: :f;) Kappa
Data (95% Cl)
Using only diagnoses recorded 51.78
Canada 1995 - Wilcheky?™ Medical Chart Physician Claims | in thi cIaitns ogf study ICD-9250.0 2,752 (49.9, 98.41
1996 . -250.9 (98.2, 98.6)
physicians 53.6)
Using diagnostic codes
recorded on claims made by all 64.43
physicians who provided ICD-9 250.0 : 96.82 (96.5,
) ) A ) (62.6,
medical services to patients in -250.9 66.2) 97.1)
the year prior to the start of the
study
Clinician
documentation ICD 9 250.0,
1997 - 14 in Electronic - . At least one clinician-coded 250.1, 93 99 91
USA | 001 Crane Medical Physician Claims | .- hoses 250.2, L4411\ (86,1000 | (99, 100) (83, 99)
Record 250.3
progress notes
At least one diagnosis in
1998 - . National Department of
USA 1999 Borzecki Medical Charts | Physician Claims | Veterans Affairs (VA) database, ICD 9 250.x 1,176 97 96 0.92
Out-Patient Clinic file over one
year
At least two diagnoses in
National Department of
Veterans Affairs (VA) database, ICD 9 250.x 0.91
Out-Patient Clinic file over one
year
At least one diagnosis in
National Department of
Veterans Affairs (VA) database, ICD 9 250.x 0.89
Out-Patient Clinic file over two
years
15
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0
1
2
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48
10

PRPRPOO~NOOUOPRAWDNEPE

USA

1992 -
1995

Hebert"™

Self-reported
Survey

Physician Claims

BMJ Open

At least two diagnoses in
National Department of
Veterans Affairs (VA) database,
Out-Patient Clinic file over two
years

One or more diagnoses of
diabetes in any claim file over
1-year period

ICD 9 250.x

ICD 9-CM
250.00 -
250.93,
357.2,
362.0 -
362.02,
366.41

71.6

96.6

79
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0.93

USA

USA

1993 -
1994

1996 -
1998

20
O'Connor

Singh®®

Telephone
Survey

Self-reported
Survey

Physician Claims

Physician Claims

One or more diagnoses of
diabetes in any claim file over
2-year period

Two or more ICD-9 diagnostic
codes

Veterans Affairs databases

Oregon Medicaid Claims Data,

ICD 9-CM
250.00 -
250.93,
357.2,
362.0-
362.02,
366.41

ICD 9 250.x

ICD 9 250

1,976

79.1

92.22*

76
(75-76)

943

98.62*

98
(98 -98)

71.4

76.15*

91
(91-91)

99.63*

95
(94 - 95)

0.79
(0.79 -

USA

1997 -
2000

Miller™®

Self-reported
Survey

Physician Claims
(Medicare)

diagnosis code

Any diagnostic code

ICD 9 250,
357.2,
362.0,

2,924,148

78.3

95.7

85.3

. ICD 9 250, 0.81
= <
USA 1997 Ngo'® Self-reported | o ian Claims | ANY €lim < 24 months before | 3.0 0, 5 56y 83.9 97.9 81.9 98.2 (0.77 -
Survey interview with a diabetes
rervien 366.41 0.85)
diagnosis code
e o 357.2, 362, 88.7 97.4 76.4 98.9 (0.76 -
366.41 0.85)
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1
2
3
4
5 366.41
6
7 ICD 9 250,
8 357.2
9 Any out-patient diagnostic code 362 0’ 77.5 95.9 85.8
10 366.41
11 ICD 9 250,
12 > 2 any diagnostic code 357.2, 73.1 98.3 93.4
362.0
13 366.41
14 ICD 9 250,
ig > 2 out-patient codes 3225’ 72.2 98.4 93.7
17 550
18 357.2 '
> 3 any diagnostic code o 69 98.4 95.2
19 362.0
20 366.41
21 ICD 9 250,
22 > 3 out-patient codes 357.2, 68 98.9 95.4
23 362.0,
24 366.41
ICD 9 250,
25 . , 357.2,
26 > 4 any diagnostic code 362.0 65 99.1 96
27 366.41
28 ICD 9 250,
29 > 4 out-patient codes iz;g’ 63.8 99.2 96.2
30 366.41
31
32 PPV: Positive Predictive Value
NPV: Negative Predictive Value
33
34 ICD: International Classification of Diseases
35 ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification
ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification
36 Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.
37 Sensitivity identifies the proportion of patients who truly do have the disease/condition.
38 Specificity identifies the proportion of patients who truly do not have the disease/condition.
Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
39
40 Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
a Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
42
43
44
45 17
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Table 3: Study Characteristics and Test Measures of Studies for Hospital Discharge Data
(Superior performance characteristics within studies have been highlighted in bold.)
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[Reference Type of
S::::’ Author] Reference Administrative Diabetes Case Definition ICD Codes Study, N

Country
Data Used

Sensiti

vity %

(95%
Cl)

Specificity
% (95% CI)

PPV %
(95% Cl1)

NPV %
(95% ClI)

Kappa

1995 . R . . ICD-9
Canada ) so Medical Hospital Diabetes with 2501 - 93

2000 Chart Discharge Data Complications 250.9

80
(51.91,
95.67)

98.3
(95.15,
99.65)

80
(51.91,
95.67)

98.3
(95.15,
99.65)

ICD-10
E10.0-
E10.8,
E11.0-
2001 E11.8,

) Diabetes with £12.0-

2004 Complications F12.8,
E13.0-
E13.8,
E14.0-
E14.8

66.7
(38.38,
88.18)

98.9
(96.00,
99.86)

83.3
(51.59,
97.91)

97.2
(93.67,
99.10)

ICD9
250.4 - 4,008
250.7

Medical Hospital Diabetes with Chronic

26
Canada 2003 Quan Chart Discharge Data Complications

63.6

98.9

62.5

99

0.62

ICD 10
E10.2 -
E10.5,
E10.7,
E11.2 -
E11.5,
E11.7,
Diabetes with Chronic E12.2 -
Complications E12.5,
E12.7,
E13.2-
E13.5,
E13.7,
E14.2 -
E14.5,
E14.7

59.1

99

63.1

98.9

0.6
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1
2
3
4
5 ICD9
. ) . 250.0 -

6 E;an':efisa:;h;”t Chronic 250.3, 77.7 98.4 86.5 97 0.8
7 P 250.8,
8 250.9
9 £10.0,
10 £10.1,
11 E10.6,
12 E10.8,

E10.9,
13 E110,
14 E11.1,
15 E11.6,
16 E11.8,

E11.9,
17 E12.0,
18 Diabetes without Chronic E12.1,
19 Complications E12.6, 75.8 98.7 88.5 96.8 0.79
20 P E12.8,
21 E12.9,

E13.0,
22 E13.1,
23 E13.6,
24 E13.8,
25 E13.9,
26 E14.0,

E14.1,
27 E14.6,
28 E14.8,
29 E14.9
30
31 n - -

Western 28 Medical Hospital Look back period: Index ICD 9/ICD-

32 Australia 1998 | Nedkoff Chart Discharge Data admission 9 CM 250 1,685 91l 98.7 93.3 974 0.912
gi 1-year 91.6 98.1 92.8 97.6 0.902
35 2-years 92.1 97.9 92.1 97.8 0.903
36 5-years 92.4 97.7 91.9 97.8 0.9
37
38 10-years 92.6 97.6 91.4 97.8 0.9
39 15-years 92.6 97.5 97.8 0.897
40 2002- Look back period: Index ICD 10-AM
a1 5004 admission F10-E14 2,258 81.5 98.2 96 90.8 0.825
42
43
44
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1-year 86.3 97.3 94.4 93 0.853
2-years 87.3 96.7 93.5 93.4 0.854
5-years 89.3 95.9 t 92.2 94.4 0.859
10-years 89.6 95.6 T 91.6 94.5 0.856
15-years 89.6 95.5 1 91.5 94.5 0.855
Hospital - .
1989 Self- Discharge Data 1, 2 or 3 physician claim or 0.72
Canada - Robinson® reported & L 1 hospitalization over 3 ICD9CM 2,651 72 98 76 98 (0.67 -
1990 Surve and Physician ears 0.77)
Y Claims 4 )
PPV: Positive Predictive Value
NPV: Negative Predictive Value
ICD: International Classification of Diseases
ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification
ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification
Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.
Sensitivity identifies the proportion of patients who truly do have the disease/condition.
Specificity identifies the proportion of patients who truly do not have the disease/condition.
Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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1
2
3
4
5 Table 4: Study Characteristics and Test Measures of Studies for both Physician Claims Data and Hospital Discharge Data
6 (Superior performance characteristics within studies have been highlighted in bold.)
7
8 [Referenc Type of Sensitivit o .
Countr | Study | Author L. . . L ICD Codes Study o Specificity % PPV % NPV % Kapp
9 v Year el Reference Admlg::;atlve Diabetes Case Definition Used N (gg‘yﬁc” (95% Cl) (95% Cl) (95% Cl) a
l 0
12 1992 - Medical Physician Claims | One Physician Service Claims
Canada 1999 Hux* Chart and Hospital or One Hospitalization with ICD-9 250.x | 3,317 91 92%* 61 99*
12 Discharge Data diagnosis of diabetes
13 Two Physician Service Claims
14 or One Hospitalization with ICD-9 250.x 86 97* 80 98*
15 diagnosis of diabetes
16
17 - . ICD9 0.65
18 Canada | 2000- cher® Medical Phay:"jc'jgsc'ii;rlm 3 Years Observation Period 25004 1CD | .0 (:;":_ 92.8(91.9- 54 99.6 (0.61
2002 Chart . P Data 10 E10.x— ! ’ 93.7) (49.6-58.5) (99.4-99.8) -
19 Discharge Data E14.x 97.7) 0.69)
20 ICD9 26.4 0.77
21 2 Years Observation Period 250.xx, ICD (82.4— 97.1 724 98.8 (0.73
22 Data 10 E10.x- 5 0‘5) (96.5-97.7) | (67.5-77.3) | (98.4-99.2) -
23 E14.x : 0.81)
24 ICD9 91.2 0.82
25 Phvsician Claims 3 Years Observation Period 250.xx, ICD (87.9- 97.6 72.1 99.2 (0.78
26 b4 Data 10 E10.x— 94.6) (97.1-98.1) (67.5-76.9) (98.9-99.5) -
E14.x : 0.85)
27 ICD 9 66 0.82
28 2 Years Observation Period 250.xx, ICD 7 15 99.3 90.9 98 (78.0
29 Data 10 E10.x— ’ (99.0-99.6) (87.2-94.6) (97.5-98.4) -
81.6)
30 E14.x ) 85.5)
31
32 Hospital |2C5%9
33 17 Telephone Discharge Data ) ) X%
USA 1999 Rector . One 1999 claim with dx 357.2x, 3,633 90 93
34 surveys and Physician
Claims 362.0x,
35 366.41
36 ICD 9
One 1999 face-to-face
37 f f 52(7))20;(' 82 96
38 encounter claim with dx v
39 362.0x,
40 366.41
41
42
43
44
45 2
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ICD9
One 1999 face-to-face 250.xx,
encounter claim with primary | 357.2x, 72 98
dx 362.0x,
366.41
ICD9
250.xx,
Two 1999 claims with dx 357.2x, 85 96
362.0x,
366.41
ICD9
Two 1999 face-to-face 250.xx,
encounter claims with 357.2x, 70 98
primary dx 362.0x,
366.41
ICD9
Two 1999 face-to-face 250.xx,
encounter claims with 357.2x, 57 99
primary dx 362.0x,
366.41
ICD9
1999 - One 1999 or 2000 claim with | 220
2000 dx 357.2x, 95 88
362.0x,
366.41]
ICD9
One 1999 or 2000 face-to- 2506
face encounter claim with dx 357.2%, 94 %2
362.0x,
366.41
ICD9
One 1999 or 2000 face-to- 250.xx,
face encounter claim with 357.2x, 87 96
primary dx 362.0x,
366.41
ICD9
. . 250.xx,
'clj'\)/(vo 1999 or 2000 claims with 357.2x, 03 03
362.0x,
366.41
Two 1999 or 2000 face-to- ICD9
p . 250.xx, 91 95
face encounter claims with dx 357.2x,
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1
2
3
4
5 3061
6 .
7
8 ICD9
9 Two 1999 or 2000 face-to- 250.xx,
face encounter claims with 357.2x, 77 98
10 primary dx 362.0x,
11 366.41
12
13 [Hospital admissions of
14 provincial residents claims for
15 which are submitted to the
16 Manitoba Health Services
17 Commission (MHSC)] AND
18 1980 - Self- Hospital [Hrg\iir;t?allai:;:::tzscloafims for
19 Canada Young® reported Admission and P . . ICD 9-CM 1,000 82.7 96.3
1984 Surve Physician Claims which are submitted to the
20 v v Manitoba Health Services
21 Commission (MHSC) AND
22 Claims by the physician to the
23 Manitoba Health Services
Commission (MHSC) or
24
payment]
25 [Hospital admissions of
26 provincial residents claims for
27 which are submitted to the
28 Manitoba Health Services
29 Commission (MHSC) AND
Claims by the physician to the
30 Manitoba Health Services ICD 9-CM 821 98.5
31 Commission (MHSC) or
32 payment] AND [Claims by the
33 physician to the Manitoba
Health Services Commission
gg (MHSC) or payment]
36
37
38
39
40
41
42
43
44
45 23
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[Hospital admissions of
provincial residents claims for
which are submitted to the
Manitoba Health Services
Commission (MHSC)] AND
[Hospital admissions of
provincial residents claims for
which are submitted to the
Manitoba Health Services ICD 9-CM 83.9
Commission (MHSC) AND
Claims by the physician to the
Manitoba Health Services
Commission (MHSC) or
payment] AND [Claims by the
physician to the Manitoba
Health Services Commission
(MHSC) or payment]

95.8

Page 24 of 29

PPV: Positive Predictive Value

NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM:: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of patients who truly do have the disease/condition.

Specificity identifies the proportion of patients who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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Section # Checklist Item Reported on
Page Number

TITLE

Title 1 ‘ Identify the report as a systematic review, meta-analysis, or both. ("3: Page 1

ABSTRACT 2

Structured summary 2 Provide a structured summary including, as applicable: background; objeg_tg/é data Page 2
sources; study eligibility criteria, participants, and interventions; study a@%gal and
synthesis methods; results; limitations; conclusions and implications of kgwﬁndmgs
systematic review registration number. oo g

INTRODUCTION 558

Rationale Describe the rationale for the review in the context of what is already kng‘vgg Page 3

Objectives 4 Provide an explicit statement of questions being addressed with referen@ Page 3
participants, interventions, comparisons, outcomes, and study design (P@D’S_i

METHODS > 3

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., B\/eb:address) N/A
and, if available, provide registration information including registration nymEter

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and reportg;ha%cterlstics Page 4
(e.g., years considered, language, publication status) used as criteria for &glglllty,
giving rationale. 3

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, ;confact with Page 3
study authors to identify additional studies) in the search and date last s&rcged

Search 8 Present full electronic search strategy for at least one database, |nclud|n%an§5hm|ts Appendix A
used, such that it could be repeated. S g

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, |ncIuded,'§|n systematlc Page 4
review, and, if applicable, included in the meta-analysis). >

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, indepeﬁdently, in | Page 4
duplicate) and any processes for obtaining and confirming data from investigdtors.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding %)urces) Page 4
and any assumptions and simplifications made. g

Risk of bias in individual studies | 12 | Describe methods used for assessing risk of bias of individual studies (|ncIudng Page 4
specification of whether this was done at the study or outcome level), and h@N this
information is to be used in any data synthesis. o

Summary measures Fb3 peState the pringipatsummarygeeasunes desgsiriskisatiodiffenense immeans). o N/A
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< 3
O ©
1 : 3
2 a 9
3 Synthesis of results 14 | Describe the methods of handling data and combining results of studies,-__f_ d&e, N/A
g including measures of consistency (e.g. I?) for each meta-analysis. a %
6 Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evi@endg (e.g., N/A
7 publication bias, selective reporting within studies). e 31
8 e >
9 Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup an@@%, meta- N/A
12 regression), if done, indicating which were pre-specified. g 8_;
2 25 2
13 RESULTS 830
14 S ag
15 Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included iRt e:?Jreview, Figure 1
i? with reasons for exclusions at each stage, ideally with a flow diagram. %%E
o
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| [ | | Combine setections with: [ | [0 ] [\ Rss |
Medline Search Criteria
3 Wolters Kluwer OvidSP
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ABSTRACT

Objectives: With steady increases in ‘big data’ and data analytics over the past two decades,
administrative health databases have become more accessible and are now used regularly for
diabetes surveillance. The objective of this study is to systematically review validated
International Classification of Diseases (ICD) based case definitions for diabetes in the adult
population.

Methods: Electronic databases were searched for validation studies where an administrative
case definition was validated.

Results: The search yielded 2,895 abstracts and of the 193 potentially relevant studies, 16 met
criteria. Diabetes definition for adults varied by data source, including physician claims
(Sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, PPV ranged from
71.4 t0 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from 0.8 to 0.9), hospital
discharge data (Sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5 to 99%, PPV
ranged from 62.5 to 96%, NPV ranged from 90.8 to 99%, and kappa ranged from 0.6 to 0.9), and
a combination of both (Sensitivity ranged from 57 to 95.6%, specificity ranged from 88 to 98.5%,
PPV ranged from 54 to 80%, NPV ranged from 98 to 99.6% and kappa ranged from 0.7 to 0.8).

Conclusion: Overall, administrative health databases are useful for undertaking diabetes
surveillance but an awareness of the variation in performance being affected by case definition
is essential. The performance characteristics of these case definitions depends on the variations
in the definition of primary diagnosis in ICD-coded discharge data, and/or the methodology
adopted by the health care facility to extract information from patient records.

STRENGTHS AND LIMITATIONS

e The greatest strength of this systematic review is its inclusiveness - the search strategy was
not restricted by region, time or any particular case definition of diabetes.

Most of the studies, 15 out of the 16 included in the qualitative analysis were conducted in
North America with high sensitivity and specificity estimates between the cases identified
through the administrative data versus medical records and the administrative data versus
population-based surveys across studies, suggesting that public administrative data are a
viable substitute for diabetes surveillance.

Lastly, the study quality across all studies included was generally high, as measured by the
QUADAS scale.

There is the potential for a language bias as studies whose full-texts were not available in
English were not considered.

There are potential limitations for all reference standards used to validate administrative
definitions for diabetes. The accuracy of charts reviews depends principally on physician
documentation, availability of records, and the accuracy of coding[34]. Self-reported surveys
and telephone surveys are prone to recall bias, social desirability bias, poor understanding
of survey questions, or incomplete knowledge of their diagnosis. Self-reported surveys can
also suffer from participation biases as patients with low diabetes risk may be less willing to
participate whereas certain patients with advance diabetes may be too unwell to
participate. Age, sex, and patient’s level of education can have an effect on the reporting of
diabetes[35-37]. Those with poorly controlled diabetes have been found to underreport
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1 O
4 their disease status[38]. o
5 e Lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in )
6 studies using administrative databases. In this review we included only those > 18 years of 2
. . . . . . (=3
7 age that is primarily the type 2 diabetes mellitus population. =
8 ®
o
9 BACKGROUND »
10 .
= o
g Diabetes is a chronic disease that has increased substantially during the past 20 years[1]. At % =
13 present, diabetes is the leading cause of blindness[2], renal failure[3], non-traumatic lower limb % %
14 amputations[4], and is a major risk factor for cardiovascular disease[5]. Because of its chronic g c3r
15 nature, the severity of its complications and the means required to control it, diabetes is a costly s S
16 disease. The healthcare costs associated with this condition are substantial, and can account for § $
17 up to 15% of national health care budgets[6]. a S
18 = &
19 : W o : : o N s 8
20 Understanding the distribution of diabetes and its complications in a population is important to 3 %
21 understand disease burden and to plan for effective disease management. Diabetes surveillance s g
22 systems using administrative data can efficiently and readily analyze routinely collected health- 2 S
23 related information from healthcare systems and provide reports on risk factors, care practices, 5] g
24 morbidity, mortality, and estimate incidence and prevalence at a population level[7]. With 5 mea
Sg steady increases in ‘big data’ and data analytics over the past two decades, administrative ? § é
27 health databases have become more accessible to health services researchers and are now used ggg
28 regularly to study the processes and outcomes of healthcare. However, administrative health g%’ o
29 data are not collected primarily for research or surveillance. There is a need for health 528
30 administrative data users to examine the validity of case ascertainment in their data sources T c(_p%
31 before use[8]. = ;g,
32 258
c
33 By definition, surveillance depends on a valid case definition that is applied constantly over §;§
34 . S . S . . . >3
35 time. A case definition is set of uniform criteria used to define a disease for surveillance[9]. 3 % >
36 However, a variety of diabetes case definitions exist, resulting in variation in reported diabetes 203
=]
37 prevalence estimates. A systematic review and meta-analysis of validation studies on diabetes Q- §
38 case definitions from administrative records has been performed[10]. This review aimed to > 3
39 determine the sensitivity and specificity of a commonly used diabetes case definition, ‘two o ;D
40 physician claims or one hospital discharge abstract record within a two-year period’ and its 2 ;
41 potential effect on diabetes prevalence estimation. Our study extends this body of work by e 3
42 . o . ) o . - B 5
43 systematically reviewing validated International Classification of Diseases (ICD), 9th edition (ICD- a o
44 9) and ICD-10 based case definitions for diabetes and comparing the validity of different case ‘é g
45 definitions across studies and countries. 5 o
46 g S
a7 METHODS s 2
48 3 E
49 o
«Q
50 Search Strategy 2
51 YR
52 This systematic review was performed using the Preferred Reporting Items for Systematic S
53 Reviews and Meta-Analyses (PRISMA) guidelines[11][Appendix A]. Two citation databases, %
54 Medline and Embase, were searched using an OVID platform from 1980 until September, 2015. g
55 The search strategy consisted of the following set of terms [Appendix B]: (1) [health services =
g? research or administrative data or hospital discharge data or ICD-9 or ICD-10 or medical record g
58 or health information or surveillance or physician claims or claims or hospital discharge or é
>
59 Z
60 o
3 ®
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coding or codes] AND (2) [validity or validation or case definition or algorithm or agreement or
accuracy or sensitivity or specificity or positive predictive value or negative predictive value]
AND (3) medical subject heading terms for diabetes. Searches were limited to human studies
published in English. The broad nature of the search strategy allowed for the detection of
modifications of ICD codes, such as international clinical modification (e.g. ICD-9-CM).

Study Selection

Studies were evaluated in duplicate for eligibility in a two-stage procedure. In stage one, all
identified titles and abstracts were reviewed and in stage two, a full text review was performed
on all studies that met the predefined eligibility criteria. If either reviewer defined a study as
eligible in stage one, it was included in the full-text review in stage two. Disagreements were
resolved by discussion or consultation with a third reviewer.

Inclusion/Exclusion Criteria

A study was included in the systematic review if it met the following criteria: (1) study
population included those > 18 years of age with type 1 diabetes mellitus or type 2 diabetes
mellitus (2) statistical estimates [sensitivity, specificity, positive predictive value (PPV), negative
predictive value (NPV) or, kappa] were reported or could be calculated; (3) an ICD-9 or ICD-10
case definition for diabetes was reported and validated; (4) a satisfactory reference standard
(e.g. self-report from population-based surveys or patient medical chart reviews); and (5) if it
reported on original data. Studies validating diabetes in specialized populations (e.g.
cardiovascular disease) were excluded to ensure the diabetes case definitions would be
generalizable. Studies not employing a sole medical encounter data in their diabetes case
definition (e.g. inclusion of pharmacy or laboratory data) were also excluded, as the
independent validity of such definitions could not be calculated. Bibliographies of included
studies were manually searched for additional studies, which were then screened and reviewed
using the same methods described above.

Data Extraction and Quality Assessment

Primary outcomes were sensitivity, specificity, PPV, NPV, and kappa reported for each of the
ICD-coded diabetes case definition. Other extracted data included sample size, and ICD codes
used. If statistical estimates were not reported in the original paper, estimates were calculated
from data available.

Calculating a pooled estimate of surveillance performance measures using meta-analytic
techniques was deemed inappropriate given the heterogeneity of diabetes case definitions and
reference standards used across studies. Data were tabulated by type of administrative health
data used. Study quality was evaluated using the Quality Assessment Tool for Diagnostic
Accuracy Studies (QUADAS) criteria[12].

RESULTS

Identification and Description of Studies

A total of 2,895 abstracts were identified with 193 studies reviewed in full text, of which 16
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1 g
2 H
2 studies met all eligibility criteria (Figure 1). Eight of these studies were conducted in the United Z
5 States[13-20], seven in Canada[21-27], and one in Australia[28]. Thirteen studies used ICD-9 @
6 codes[13-19, 21-23, 26-28] and the remaining three studies used both ICD-9 and ICD-10 e
7 codes[23-25]. None of the studies differentiated or commented as to whether a particular code %
8 of interest was in the primary or in one of the secondary diagnostic positions. Of the 16 studies 3
9 reviewed, eight used medical records[13-14, 21, 23-26, 28], and eight used either self-reported ;‘,
10 surveys or telephone surveys to validate the diabetes diagnosis[15-20, 22-27]. Eight studies used o ‘é
E physician claims data[13-16, 18-20, 23], four studies used hospital discharge data [22, 24, 26, % =
13 28], and four studies used a combination of both[17, 21, 25, 27]. Two studies used electronic % 3
14 medical records (EMRs) as their health data source[29, 30] but these were removed from the g c3r
15 review since EMRs were not a part of our search strategy. ﬁ g
16 s 3
17 The QUADAS scores (Table 1) ranged from 9 to 13, out of a maximum of 14. Five questions were E §
ig selected from QUADAS to constitute the ‘bias assessment’. Regardless of quality assessment % g
20 scores, all 16 studies are discussed in this systematic review. 3 %
c ()]

o N

g; The sample size varied from 93 to ~3 million people. Sensitivity and specificity values were g S
23 available from all 18 studies, PPV in 16 studies, NPV in 12 studies, and kappa in six. All 16 studies 5] g
24 were categorized by the type of administrative health data source being used. S ma
25 82a
26 Physician Claims Data SaN
27 %cjo =
gg Table 2 lists the eight studies[13-16, 18-20, 23] using physician claims data. In these studies, the §§ ¥
30 sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, PPV ranged from § (Fé;g
31 71.4 t0 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from 0.8 to 0.9. Four out of the N S
32 eight studies using physician claims data had a least one diabetes case definition where both S%QE
33 sensitivity and specificity exceed 80%. S5 =
34 53§
35 . : o - . e
36 Studies comparing physician claims based case definitions over multiple years [13, 15-16] S0Z
37 consistently show increases in sensitivity values and a slight decrease in specificity and PPV over e 5
38 time. This relationship is consistent with the study[18] looking at changes in the statistical > 3
39 estimates with increasing the number of appearance of diagnostic codes in the case definition — g’!_ -(gD
40 the sensitivity was the highest when any diagnostic code (in-patient or out-patient) was used, = 2
j; while the specificity and PPV were the highest when most number of out-patient diagnostic i 3
43 codes were used. 2 3
44 o 3 o
45 Hospital Discharge Data 5 >
46 g S
47 Table 3 lists the four studies[22, 24, 26, 28] using only hospital discharge data. In these studies, S 3
48 the sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5 to 99%, PPV ranged from 5 z
49 62.5 to 96%, NPV ranged from 90.8 to 99%, and kappa ranged from 0.6 to 0.9. Two out of the @_ 2B
50 . . . . . o o o
51 four studies using hospital discharge data had a least one diabetes case definition where both )
52 sensitivity and specificity exceed 80%. In contrast to the physician claims based case definitions, S
53 the sensitivity seemed to improve when a longer duration was used in the case definition, 3
54 however the specificity and the PPV behaved inversely. i
55 2
g? Combination of Physician Claims and Hospital Discharge Data E
58 B
59 Z
60 o
5 ®
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Table 4 lists out the four studies[17, 21, 25, 27] using a combination of physician claims and
hospital discharge data. In these studies, the sensitivity ranged from 57 to 95.6%, specificity
ranged from 88 to 98.5%, PPV ranged from 54 to 80%, NPV ranged from 98 to 99.6% and kappa
ranged from 0.7 to 0.8. Using a combination of two or more data sources increases the
minimum value of the range for sensitivity compared to using either physician claims or hospital
discharge data based definitions individually. All four of the studies using a combination of
physician claims and hospital discharge data had a least one case definition where both
sensitivity and specificity exceed 80%.

Another factor affecting the statistical estimates is the number of claims being used in the
definition. Rector et al.’s study[17] shows consistent results where the sensitivity is higher when
at least one claims data is used in the definition, but the specificity is higher when at least two
are used. Lastly, Young et al.’s study[27] demonstrates the highest sensitivity when 2 physician
claims and 2 hospital discharge data are used in the definition and the highest specificity when
one physician claim and two hospital claims are used in the definition.

A secondary tabulation of data was performed by the type of ICD coding system used. Eight
studies using ICD-9 coding systems are from the United States and four studies from Canada.
Four studies use both ICD-9 and ICD-10 coding systems — three of these are from Canada and
one from Western Australia. In studies using ICD-9 codes, sensitivity ranged from 26.9 to 100%,
specificity ranged from 88 to 100%, PPV ranged from 21 to 100%, NPV ranged from 74 to 99.6%,
and kappa ranged from 0.6 to 0.9; whereas, in the studies using ICD-10 codes, the ranges for
sensitivity (59.1 to 89.6%) and specificity (95.5 to 99%) narrowed significantly, and PPV ranged
from 63.1 to 96%, NPV ranged 90.8 to 98.9%, and kappa ranged from 0.6 to 0.9.

DISCUSSION

In this systematic review, case definitions appear to preform te-perferm-morereliably better
when more data sources are used over a longer observation period. The outcomes with respect

to sensitivity, specificity and PPV for each of these studies seem to differ due to variations in the
definition of primary diagnosis in ICD-coded health data, the use of hospital discharge versus
physician billing claims, and by the geographical location.

The validity of diabetes case definitions varies significantly across studies, but we identified
definition features that were associated with-better performance. The combinations of more
than one data source, physician claim and /or hospital discharge encounter along with an
observation period of more than one year consistently demonstrated higher sensitivity with only
a modest decline in specificity. These definition characteristics are present in the definition used
by the National Diabetes Surveillance System (NDSS) to identify Canadians with diabetes
mellitus[31]. The performance of this particular definition has been widely studied and a meta-
analysis pooling the results of these studies demonstrates a pooled sensitivity of 82.3% (95% Cl
75.8, 87.4) and specificity of 97.9% (95% Cl 96.5, 98.8%)[10].

This systematic review, provides new knowledge on factors that are associated with enhanced
definition performance, and outlines the trade-offs one encounters with respect to sensitivity
and specificity (and secondarily PPV and NPV) related to data source and years of follow up. The
development of an administrative case definition of diabetes is often related to pragmatic
considerations (type of data on hand); however, this systematic review provides health services
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1 o
2 3
2 researchers with important information on how case definitions may perform given definition Z
5 characteristics. 7]
6 g
7 There was considerable ‘within-data definition’ variation in measures of validity. This variation =
8 likely reflects that neither physician claims nor hospital discharge data are primarily collected for 3
9 surveillance; hence, the accuracy of diagnoses coded in these data sources remains suspect. ;‘,
10 Physician claims, while potentially rich in clinical information, are not recorded in a standardized o ‘é
E manner. Billing practices do vary by practitioner, which may in turn be influenced by the nature % =
13 of physician reimbursement (salary versus fee for service)[23, 32-33]. Furthermore, patients % 3
14 with diabetes commonly carry multiple comorbidities, so while patients may have diabetes and g g
15 be seen by a physician, providers will file billing claims for conditions other than diabetes[34- s g
16 35]. In contrast, hospital discharge data are limited to clinical information that is relevant to an § $
17 individual hospitalization, capturing diagnostic and treatment information usually for a brief a §
18 window of time. The advantage of hospital discharge data for surveillance is that discharge ~ g
:zlg diagnostic and medical procedure information are recorded by medical coders with g %
21 standardized training with a detailed review of medical charts. However, the standard method g @
22 of discharge coding does vary regionally and thus variation around validity estimates based on 2 S
23 these differences in coding practices will be observed. 5] g
24 = m‘g
25 Ideal performance parameters will vary based on the clinical condition of interest, the nature of 33 é
g? surveillance and the type of data being used for surveillance. When studying diabetes trends g%g
28 and incidence rate, a case definition that has high but balanced measures of sensitivity and PPV g%’ o
29 is preferred. This will ensure maximal capture of potential patients and that patients captured 528
30 likely have diabetes. This systematic review suggests that the commonly used two physician § (Fé;g
31 outpatient billings and/or one hospitalization, within a certain period of time is appropriate. It is N o
32 also important to recognize that the data source used may also affect the type of patient a };E
33 identified with administrative data definitions. Hospital discharge data (when used in isolation) §i§
gg will potentially identify patients with more advanced disease or more complications and g %i
36 therefore may not be fully representative of the entire diabetes population. Similarly, physician gf@_g
37 claims data may identify a comparatively well, ambulatory population that has access to e 5
38 physician care in the community. > 3
39 5 S
40 The greatest strength of this systematic review is its inclusiveness - the search strategy was not = i
j; restricted by region, time or any particular case definition of diabetes. However, most of the i 3
43 studies, 15 out of the 16, included in the qualitative analysis were conducted in North America 2 3
44 with high sensitivity and specificity estimates between the cases identified through the ‘é g
45 administrative data versus medical records and the administrative data versus population-based 5 2
46 surveys across studies; suggesting that public administrative data are a viable substitute for % S
47 diabetes surveillance. Lastly, the study quality across all studies included was generally high as g 3
jg measured by the QUADAS scale. é z
e 9

22 There is the potential for a language bias as studies whose full-texts were not available in English & g
52 were not considered. There are potential limitations for all reference standards used to validate Py
53 administrative case definitions for diabetes. The accuracy of charts reviews depends principally 3
54 on physician documentation, availability of records, and the accuracy of coding[36]. Self- ®
35 reported surveys and telephone surveys are prone to recall bias, social desirability bias, poor g
56 understanding of survey questions, or incomplete knowledge of their diagnosis. Self-reported S
g; surveys can also suffer from participation biases as patients with low diabetes risk may be less é
59 Z
60 o
7 o
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willing to participate whereas certain patients with advance diabetes may be too unwell to
participate. Age, sex, and a patient’s level of education can have an effect on the reporting of
diabetes[37-39]. Those with poorly controlled diabetes have been found to underreport their
disease status[40]. The ideal reference standard would be a clinical measure (such as glucose or
HbA1c) however the use of a clinical reference standard is not often done.

In addition to the limitations of the reference standards used for validation it should also be
noted that even clinical measures as a references standard are imperfect and glucose and
HbA1C are surrogates of the underlying disease process. It should also be noted that glucose
and HbA1C thresholds for diagnosis have changed (albeit modestly) over the past 20 years.
Changes in the clinical definition over time have significant implications to diabetes surveillance.
Understanding changing diagnostic thresholds is critical to interpreting surveillance data.
However, the validity of an administrative data case definition is conceptually related but
somewhat separate from the clinical definition. If we are to understand the clinical definition as
a biologic or physiologic definition that denotes the presence or absence of disease, the
administrative data definitions are a surrogate of disease, and denote presence or absence of
disease based on care for the disease. The administrative definitions identify patients with a
diagnosis of diabetes based on an interaction with the health care system in which they received
care for diabetes. Therefore the application of this definition follows the application of the
clinical definition. There is a presumption that the clinical definition, whatever it may be at the
time of the application, was valid.

Lastly, difference between type 1 diabetes mellitus and type 2 diabetes mellitus is not clear in
studies using administrative databases. In this systematic review, we included only adult
population (> 18 years of age) which is primarily the type 2 diabetes population.

Generalizability

Fifteen out of the 16 included studies were conducted in North America and therefore it is not
surprising that the validation studies report comparable results. However, even though these
studies are nested in the general population, the selected diabetes cohorts used in the
validation studies may not always be truly representative of the general population.

CONCLUSION

Most studies included in this review use similar case definitions that require one or more
diagnoses of diabetes. The performance characteristics of these case definitions depends on the
variations in the definition of primary diagnosis in ICD-coded discharge data, and/or the
methodology adopted by the health care facility to extract information from patient records.
Purpose of surveillance and the type of data being used should command the performance
parameters of an administrative case definition. Approaches used in developing case definitions
for diabetes can be simple and practical and result in high sensitivity, specificity and PPV.
Overall, administrative health databases are useful for undertaking diabetes surveillance[21, 25]
but an awareness of the variation in performance being affected by case definition is essential.
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Table 1. Study Quality Characteristics using QUADAS Tool
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QUADAS Tool
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. 2
Robinson
2

.1
Borzecki
3

Wilchesky?
3

1
Crane

24

So

Chen®

Nedkoff*
8

26
Quan

Young2
7

Hebert®
5

Ngo
6

1
Rector
7

. 1
Miller
8

Singh19

2
O'Connor
0

Was the
spectrum of
patients
representative
of the patients
who will
receive the test
in practice?*

Yes

Yes

Yes

Yes

Yes

Yes

Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were selection
criteria clearly
described?

Yes

Yes

No

No

Yes

No

Yes Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Is the
reference
standard likely
to correctly
classify the
target
condition?

Yes

Yes

Yes

Yes

Yes

Yes

Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Is the time
period
between
reference
standard and
index test short
enough to be
reasonably
sure that the
target
condition did
not change
between the
two tests?

Yes

Yes

Yes

Yes

Yes

Yes

Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Did the whole
sample or a
random
selection of the

sample, receive

Yes
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Yes

Yes

Yes

Yes

Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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3
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5 verifica.ution
using a
6 reference
7 standard of
8 diagnosis?*
9 Did patients
10 receive the
11 same reference
12 standard Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
regardless of
13 the index test
14 result?*
15 Was the
16 reference
standard
1; independent of
19 :ih: |tnr:j:?<ntde:; Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
20 test did not
21 form part of
the reference
22 standard)?
23 Was the
24 execution of
25 the index test
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27 sufficient detail
to permit
28 replication of
29 the test?
30 Was the
31 execution of
the reference
32
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35 to permit its
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Were the
reference
standard
results
interpreted
without
knowledge of
the results of
the index
test?*

Yes

Yes

Yes

Yes

Yes

Yes

Yes Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were the same
clinical data
available when
test results
were
interpreted as
would be
available when
the test is used
in practice?

Unclea
r

Unclear

Yes

Yes

Yes

Yes

Unclea
r

Yes

Yes

Yes

Unclear

Yes

Yes

Yes

Yes

Unclear

Were
uninterpretabl
e/
intermediate
test results
reported?

No

No

No

Yes

No

No

No No

No

No

No

No

No

No

No

Yes

Were
withdrawals
from the study
explained?

Unclea
r

Unclear

No

No

No

No

Unclea
r

Yes

Unclea
r

Unclea
r

Unclear

No

No

No

Unclea
r

Unclear

Score
(Maximum 14)

11

11

10

12

10

11 13

12

12

11

11

12

12

12

12

Bias
assessment
(Maximum 5)

QUADAS tool is extracted from table 2 of Whiting P, Rutjes AW, Reitsma JB, et al. The development of QUADAS
of studies of diagnostic accuracy included in systematic reviews. BMC Med Res Methodol.2003;3:25".

: a tool for the quality assessment
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Table 2: Study Characteristics and Test Measures of Studies for Physician Claims Data

(Superior performance characteristics within studies have been highlighted in bold.)

Country

Study
Years

Author[Reference]

Reference

Type of
Administrative
Data

Diabetes Case Definition

ICD Codes
Used

Study, N

Sensitivity
%
(95% CI)

Specificity %
(95% Cl)

PPV %
(95% ClI)

NPV %
(95% Cl1)

Kappa

Canada

1995 -
1996

23

Wilcheky

Medical Chart

Physician Claims

Using only diagnoses recorded
in the claims of study
physicians

ICD-9 250.0
-.9

2,752

51.78
(49.9,
53.6)

98.41
(98.2, 98.6)

Using diagnostic codes
recorded on claims made by all
physicians who provided
medical services to patients in
the year prior to the start of the
study

ICD-9 250.0
-.9

64.43
(62.6,
66.2)

96.82 (96.5,
97.1)

USA

1997 -
2001

14
Crane

Clinician
documentation
in Electronic
Medical
Record
progress notes

Physician Claims

At least one clinician-coded
diagnoses

ICD 9 250.0,
1,.2,.3

1,441

93
(86, 100)

99
(99, 100)

91
(83,99)

USA

1998 -
1999

.13
Borzecki

Medical Charts

Physician Claims

At least one diagnosis in
National Department of
Veterans Affairs (VA) database,
Out-Patient Clinic file over one
year

ICD 9 250.x

1,176

97

96

0.92

At least two diagnoses in
National Department of
Veterans Affairs (VA) database,
Out-Patient Clinic file over one
year

ICD 9 250.x

0.91

At least one diagnosis in
National Department of
Veterans Affairs (VA) database,
Out-Patient Clinic file over two
years

ICD 9 250.x

0.89
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Veterans Affairs (VA) database,
Out-Patient Clinic file over two
years

ICD 9 250.x
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0.93

USA

USA

1993 -
1994

1996 -
1998

20
O'Connor

Singh®®

Telephone
Survey

Self-reported
Survey

Physician Claims

Physician Claims

Two or more ICD-9 diagnostic
codes

Veterans Affairs databases

Oregon Medicaid Claims Data,

ICD 9 250.x

ICD 9 250

1,976

92.22*

76
(75-76)

98.62*

98
(98 -98)

ICD 9-CM
One or more diagnoses of 250.00-.93,
USA 1992 - Hebert"™ Self-reported Physician Claims | diabetes in any claim file over 357.2, 71.6 96.6 79
1995 Survey 1-year period 362.0-
362.02,
366.41
ICD 9-CM
One or more diagnoses of 250.00-.93,
diabetes in any claim file over 357.2, 79.1 94.3 71.4
2-year period 362.0-.02,
366.41

76.15*

91
(91-91)

99.63*

95
(94 - 95)

0.79
(0.79 -

USA

1997 -
2000

N 18
Miller

Self-reported
Survey

Physician Claims
(Medicare)

diagnosis code

Any diagnostic code

ICD 9 250,
357.2,
362.0,
366.41

2,924,148

78.3

95.7

85.3

. ICD 9 250, 0.81
= <
USA 1997 Ngo'® Self-reported | o\ ian Claims | ANY €lim < 24 months before | 300 0, 5 56y 83.9 97.9 81.9 98.2 (0.77 -
Survey interview with a diabetes
rervien 366.41 0.85)
diagnosis code
e o 357.2, 362, 88.7 97.4 76.4 98.9 (0.76 -
366.41 0.85)
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1

2

3

4

5 ICD 9 250,

6 Any out-patient diagnostic code 32;5’ 77.5 95.9 85.8
7 366.41

8 ICD 9 250,

20 > 2 any diagnostic code :Z;S’ 73.1 98.3 93.4
11 366.41

12 ICD 9 250,

13 > 2 out-patient codes :Z;S: 72.2 98.4 93.7
14 366.41

15 ICD 9 250,

16 > 3 any diagnostic code 3225’ 69 98.4 95.2
17 366.41

ig ICD 9 250,

20 > 3 out-patient codes 3225’ 68 98.9 95.4
21 366.41

22 ICD 9 250,

23 > 4 any diagnostic code gz;g: 65 99.1 96
24 366.41

25 ICD 9 250,

g? > 4 out-patient codes gz;g: 63.8 99.2 96.2
28 366.41

29

30 PPV: Positive Predictive Value

31 NPV: Negative Predictive Value

32 ICD: International Classification of Diseases

33 ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification

gg ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

36 Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

37 Sensitivity identifies the proportion of patients who truly do have the disease/condition.

38 Specificity identifies the proportion of patients who truly do not have the disease/condition.

39 Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.

40 Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
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43

44

45 17
46 ‘sa1bojouyo9) fefl uPELEe SFRNRN Y 6 Gl BEH PREIXSITD) Po1e{5 1 653R AL} B s e B Kdds Aq perdeloid

47 * (s3gv) Inauadns juswaublasug

48 19p anbiydeiboljgig 9ouaby 1e Gzoz ‘2T aunr uo /wod fwq uadolway/:dny woly pepeojumoq "9T0Z 1SNBNY G U0 Z56600-GTOZ-Uadolwag/9eTT 0T e paysiignd 1s11) :uado CINg


http://bmjopen.bmj.com/

©CoOoO~NOOUOTA,WNPE

e
[Ny

ADDBADIMDIMDEDRMDDOWWWWWWWWWNDNNNNNNNNNRERRERRPERERRER
NO U RARWNRPOOONOOUOPRWNRPOOONOUIAWNRPOOONOODUIAWN

48

N
o]

Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.

Table 3: Study Characteristics and Test Measures of Studies for Hospital Discharge Data

BMJ Open

(Superior performance characteristics within studies have been highlighted in bold.)
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Type of IcD Sensiti
Study Author o . . N vity % Specificity PPV % NPV %
Country Years [Reference] Reference Administrative Diabetes Case Definition Codes Study, N (95% % (95%Cl) (95% Cl) (95% Cl) Kappa
Data Used
Cl)
1995 . . . . 80 98.3 80 98.3
msia | | st | Vel | v | dae oo | o fem | em | ee | e
2000 & P - 95.67) 99.65) 95.67) 99.65)
ICD-10
E10.0 -
2001 Diabetes with .8, E11.0 66.7 98.9 83.3 97.2
- Complications -8, (38.38, (96.00, (51.59, (93.67,
2004 P E12.0-.8, 88.18) 99.86) 97.91) 99.10)
E13.0-.8,
E14.0-.8
2% Medical Hospital Diabetes with Chronic ICD9
Canada 2003 Quan Chart Discharge Data Complications 2504 -7 4,008 63.6 98.9 62.5 99 0.62
ICD 10
E10.2 -
.5, E10.7,
E11.2 -
. . . .5, E11.7,
E;ar:efis‘an’;hfhmmc E12.2- 59.1 99 63.1 98.9 0.6
P 5, E12.7,
E13.2 -
.5, E13.7,
E14.2 -
.5,E14.7
ICD9
Diabetes without Chronic 250.0 -
Complications .3, 250.8, 77 984 86.5 9 08
9
18
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1
2
3
4
5 E610.80, ;31,
6 E110, .1,
7 6, E11.8,
8 . . . 9, E12.0,
9 Diabetes without Chronic | " o "¢ 75.8 98.7 88.5 96.8 0.79
Complications
10 .9, E13.0,
1,.6,.8
11 .9, E14.0,
ig 1,.6,.8
9
1 - 0]
15 Western Medical Hospital Look back period: Index ICD
16 Australia 1998 | Nedkoff*® Chart Disc‘;ar ebata | admission period: 9/ICD-9 1,685 91.1 98.7 93.3 97.4 0.912
17 g CM 250
18 1-year 91.6 98.1 92.8 97.6 0.902
19
20 2-years 92.1 97.9 92.1 97.8 0.903
21 5-years 92.4 97.7 91.9 97.8 0.9
gg 10-years 92.6 97.6 91.4 97.8 0.9
24 15-years 92.6 97.5 97.8 0.897
25 _ - ICD 10-
26 ;88421 :Z:‘;?gﬁ period: Index AM E10- 2,258 815 98.2 9% 90.8 0.825
E14
27
28 1-year 86.3 97.3 94.4 93 0.853
29 2-years 87.3 96.7 93.5 93.4 0.854
30
31 5-years 89.3 959+ 92.2 94.4 0.859
32 10-years 89.6 95.6t 91.6 94.5 0.856
gi 15-years 89.6 95.5 1 91.5 94.5 0.855
35 -]
36 1989 Self- Disc':]zsrpgaéata 1, 2 or 3 physician claim or 0.72
37 Canada - Robinson® reported g L 1 hospitalization over 3 ICD9CM 2,651 72 98 76 98 (0.67 -
38 1990 Survey and Physician |\ o 0.77)
Claims :
39
40 -, .
a1 PPV: Positive Predictive Value
42
43
44
45 19
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NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of patients who truly do have the disease/condition.

Specificity identifies the proportion of patients who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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1
2
3
4
5
6
7
8
9
10
11
12
13
14 Table 4: Study Characteristics and Test Measures of Studies for both Physician Claims Data and Hospital Discharge Data
ig (Superior performance characteristics within studies have been highlighted in bold.)
17 Study | Authoreferee Type of ICD Codes | Study | SEMSVIt | oo cificit PPV % NPV% | Ka
18 Country Year: ] Reference Admi;;stt;ative Diabetes Case Definition Used ) Ny (95‘,,«;?0) %p(gs% C‘:) (95% Cnl) (95% Cc;) app
20 . Physician Claims | One Physician Service Claims
21 Canada 11999929_ Hux*! Mci(il:tal aynd Hospital or One I\[iospitalization with |2C5?J_?< 3,317 91 92* 61 99*
22 Discharge Data diagnosis of diabetes
Two Physici i i
23 or one Hosptatnation it | 129 86 o7 0 o+
24 diagnosis of diabetes 250x
25
26
27 ) Physician Claims . . ICD9 95.6 0.65
2000 - 2 Medical . 3 Years Observation Period 250.xx, ICD 92.8(91.9- 54 99.6
28 Canada | 00, Chen Chart and Hospital | (- 10E10x- | 362 | (925 93.7) (49.6-58.5) | (99.4-89.8) | (061~
29 Discharge Data 14.x 97.7) 0.69)
ICD 9
32 2 Years Observation Period 250.xx, ICD (:;':_ 97.1 72.4 98.8 (377;_
32 Data 12 ElO.x - 90.5) (96.5-97.7) | (67.5-77.3) | (98.4-99.2) 0.81)
33 ICD 9
34 . . 3 Years Observation Period | 250.xx, ICD 91.2 97.6 72.1 99.2 0.82
35 Physician Claims | 1 - 10 E10.x - (87.9= 1 971081) | (67.5-769) | (e8.9-995) | (78"
36 1ax 94.6) 0.85)
ICD 9
g; 2 Years Observation Period 250.xx, ICD (7716:56_ 99.3 90.9 98 (;)883_
Data 10 E10.x - (99.0-99.6) | (87.2-94.6) | (97.5-98.4)
39 1ax 81.6) 85.5)
40
41
42
43
44
45 1
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BMJ Open
Hospital ICDS
. 250.xx,
USA 1999 Rector”’ Telephone | - Discharge Data | | 1 g cjaim with dx 357.2x, 3,633 90 93
surveys and Physician
Claims 362.0x,
366.41
ICD9
250.xx
One 1999 face-to-face !
encounter claim with dx 357.2x, 82 96
362.0x,
366.41
ICD9
One 1999 face-to-face 250.xx,
encounter claim with 357.2x, 72 98
primary dx 362.0x,
366.41
ICD9
250.xx,
Two 1999 claims with dx 357.2x, 85 96
362.0x,
366.41
ICD9
Two 1999 face-to-face 250.xx,
encounter claims with 357.2x, 70 98
primary dx 362.0x,
366.41
ICD9
Two 1999 face-to-face 250.xx,
encounter claims with 357.2x, 57 99
primary dx 362.0x,
366.41
ICD9
1999 - One 1999 or 2000 claim with | 220
2000 dx 357.2x, 95 88
362.0x,
366.41]
ICD9
One 1999 or 2000 face-to- | 220
face encounter claim with dx 357.2%, 94 92
362.0x,
366.41
One 1999 or 2000 face-to- ICD9
face encounter claim with 250.xx, 87 96
primary dx 357.2x,
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1
2
3
4
5 oy
6 .
7
8 2503
) XX,
9 LVI\;E ziQQ or 2000 claims 357.2x, 93 93
10 362.0x,
11 366.41
12 ICD9
13 Two 1999 or 2000 face-to- 250.xx,
14 face encounter claims with 357.2x, 91 95
dx 362.0x,
15 366.41
16 ICD9
17 Two 1999 or 2000 face-to- 250.xx,
18 face encounter claims with 357.2x, 77 98
19 primary dx 3222;,
20 -
21
22 [Hospital admissions of
23 provincial residents claims
for which are submitted to
24 the Manitoba Health
25 Services Commission
26 (MHSC)] AND [Hospital
27 1980 - Self- Hospital admissions of provincial
28 Canada 1984 Young27 reported Admission and residents claims for which ICD 9-CM 1,000 82.7 96.3
Survey Physician Claims | are submitted to the
29 Manitoba Health Services
30 Commission (MHSC) AND
31 Claims by the physician to
32 the Manitoba Health
33 Services Commission (MHSC)
34 or payment]
35 [Hospital admissions of
provincial residents claims
36 for which are submitted to
37 the Manitoba Health
38 Services Commission (MHSC) ICD9-CM 821 98.5
39 AND Claims by the physician
40 to the Manitoba Health
a Services Commission (MHSC)
42
43
44
45 23
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or payment] AND [Claims by
the physician to the
Manitoba Health Services
Commission (MHSC) or
payment]

[Hospital admissions of
provincial residents claims
for which are submitted to
the Manitoba Health
Services Commission
(MHSC)] AND [Hospital
admissions of provincial
residents claims for which
are submitted to the
Manitoba Health Services ICD 9-CM 83.9 95.8
Commission (MHSC) AND
Claims by the physician to
the Manitoba Health
Services Commission (MHSC)
or payment] AND [Claims by
the physician to the
Manitoba Health Services
Commission (MHSC) or
payment]

PPV: Positive Predictive Value

NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of patients who truly do have the disease/condition.

Specificity identifies the proportion of patients who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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3 Appendix A: PRISMA Checklist 2009 % i
4 s 8
2 Section # | Checklist Item 8 S Reported on
7 & S Page Number
8 TITLE S >
30 Title 1 ‘ Identify the report as a systematic review, meta-analysis, or both. § ("3:% Page 1
11 ABSTRACT 3o
12 Structured summary 2 Provide a structured summary including, as applicable: background; objeg_tg/é data Page 2
ii sources; study eligibility criteria, participants, and interventions; study a@%gal and
15 synthesis methods; results; limitations; conclusions and implications of kgwﬁndmgs
16 systematic review registration number. N g
17 INTRODUCTION ;:‘é-g
ig Rationale Describe the rationale for the review in the context of what is already kng‘vgg Page 3
20 Objectives 4 Provide an explicit statement of questions being addressed with referen@ Page 3
21 participants, interventions, comparisons, outcomes, and study design (P@D’S_i
3:23 METHODS > 3
24 Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., B\/eb:address) N/A
25 and, if available, provide registration information including registration nymEter
26 Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and reportg;ha%cterlstics Page 4
g; (e.g., years considered, language, publication status) used as criteria for &glglllty,
o9 giving rationale. 3
30 Information sources 7 Describe all information sources (e.g., databases with dates of coverage, ;confact with Page 3
31 study authors to identify additional studies) in the search and date last s&rcged
32 Search 8 Present full electronic search strategy for at least one database, |nclud|n%an§5hm|ts Appendix A
22 used, such that it could be repeated. S g
35 Study selection 9 State the process for selecting studies (i.e., screening, eligibility, |ncIuded,'§|n systematlc Page 4
36 review, and, if applicable, included in the meta-analysis). >
37 Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, indepeﬁdently, in | Page 4
gg duplicate) and any processes for obtaining and confirming data from investig{itors.
40 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding &urces) Page 4
41 and any assumptions and simplifications made. g
jé Risk of bias in individual studies | 12 | Describe methods used for assessing risk of bias of individual studies (|ncIudng Page 4
a4 specification of whether this was done at the study or outcome level), and h@N this
45 information is to be used in any data synthesis. o
46 Summary measures Fb3 peState the pringipatsummarygeeasunes desgsiriskisatiodiffenense immeans). o N/A
47
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Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if dgne, N/A
LI
including measures of consistency (e.g. I?) for each meta-analysis. a s
Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evi@endg (e.g., N/A
publication bias, selective reporting within studies). e 31
il
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup an@@%, meta- N/A
regression), if done, indicating which were pre-specified. z 8_£
e
2320
RESULTS 235
350
s
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included iss egreview, Figure 1
with reasons for exclusions at each stage, ideally with a flow diagram. %%.%
ac =
Q==
Study characteristics 18 | For each study, present characteristics for which data were extracted (e.%.%ﬁjdy size, Tables1-4
PICQS, follow-up period) and provide the citations. Sh=
s
Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome Igveg N/A
assessment (see item 12). 3 S
ER
S
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study‘?(a)_gimple N/A
summary data for each intervention group (b) effect estimates and configenge
intervals, ideally with a forest plot. w 3
=
Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervaE arﬁ;:! N/A
measures of consistency. S g
5N
9 -
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item@_S).S N/A
3 o
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyZes, meta- | N/A
regression [see Item 16]). %
@
DISCUSSION S
=
Q
Summary of evidence 24 | Summarize the main findings including the strength of evidence for each matié Pages 6,7
outcome; consider their relevance to key groups (e.g., healthcare providers,.g'sers, and
policy makers). >
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3 Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at @vieg/—level Page 7
cvieg
g (e.g., incomplete retrieval of identified research, reporting bias). a s
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discharge.mp. or coding.mp. or codes.mp.) and (validity or Eﬂ RSS Feed
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ABSTRACT

Objectives: With steady increases in ‘big data’ and data analytics over the past two
decades, administrative health databases have become more accessible and are now
used regularly for diabetes surveillance. The objective of this study is to systematically
review validated International Classification of Diseases (ICD) based case definitions for
diabetes in the adult population.

Setting, participants and outcome measures: Electronic databases, Medline and
Embase, were searched for validation studies where an administrative case definition
(using International Classification of Diseases codes) for diabetes in adults was validated
against a reference and statistical measures of the performance reported.

Results: The search yielded 2,895 abstracts and of the 193 potentially relevant studies,
16 met criteria. Diabetes definition for adults varied by data source, including physician
claims (Sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, PPV
ranged from 71.4 to 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from 0.8 to
0.9), hospital discharge data (Sensitivity ranged from 59.1 to 92.6%, specificity ranged
from 95.5 to 99%, PPV ranged from 62.5 to 96%, NPV ranged from 90.8 to 99%, and
kappa ranged from 0.6 to 0.9), and a combination of both (Sensitivity ranged from 57 to
95.6%, specificity ranged from 88 to 98.5%, PPV ranged from 54 to 80%, NPV ranged
from 98 to 99.6% and kappa ranged from 0.7 to 0.8).

Conclusion: Overall, administrative health databases are useful for undertaking diabetes
surveillance but an awareness of the variation in performance being affected by case
definition is essential. The performance characteristics of these case definitions depends
on the variations in the definition of primary diagnosis in ICD-coded discharge data,
and/or the methodology adopted by the health care facility to extract information from
patient records.

STRENGTHS AND LIMITATIONS

e Our systematic review was comprehensive as it had a broad search strategy that
bore no language or time restriction.

e Allincluded studies captured patient information at the population level with clear
case definitions encompassing a broad spectrum of patients.

e There is the potential for a language bias as studies whose full-texts were not
available in English were not considered.

e There are potential limitations for all reference standards used to validate
administrative definitions for diabetes.

BACKGROUND
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: g
g Diabetes is a chronic disease that has increased substantially during the past 20 @
6 years[1]. At present, diabetes is the leading cause of blindness[2], renal failure[3], non- Té
7 traumatic lower limb amputations[4], and is a major risk factor for cardiovascular §
g disease[5]. Because of its chronic nature, the severity of its complications and the 8
10 means required to control it, diabetes is a costly disease. The healthcare costs - i
11 associated with this condition are substantial, and can account for up to 15% of national s 2
12 health care budgets|[6]. 8 5
13 g g
14 o 3
15 Understanding the distribution of diabetes and its complications in a population is s g
16 important to understand disease burden and to plan for effective disease management. 3 5
17 Diabetes surveillance systems using administrative data can efficiently and readily E §
ig analyze routinely collected health-related information from healthcare systems and % z
20 provide reports on risk factors, care practices, morbidity, mortality, and estimate 3 %
21 incidence and prevalence at a population level[7]. With steady increases in ‘big data’ § §
2:2% and data analytics over the past two decades, administrative health databases have ‘; o
24 become more accessible to health services researchers and are now used regularly to -z
25 study the processes and outcomes of healthcare. However, administrative health data ‘é (B;‘E
26 are not collected primarily for research or surveillance. There is a need for health ig-é
% administrative data users to examine the validity of case ascertainment in their data §§ 5
29 sources before use[8]. = g 9
30 503
31 By definition, surveillance depends on a valid case definition that is applied constantly gg sga_
gé over time. A case definition is set of uniform criteria used to define a disease for gg%
34 surveillance[9]. However, a variety of diabetes case definitions exist, resulting in g%g
35 variation in reported diabetes prevalence estimates. A systematic review and meta- 32>
36 analysis of validation studies on diabetes case definitions from administrative records E\(Bg
g; has been performed[10]. This review aimed to determine the sensitivity and specificity > g
39 of a commonly used diabetes case definition, ‘two physician claims or one hospital = g
40 discharge abstract record within a two-year period’ and its potential effect on diabetes R
41 prevalence estimation. Our study extends this body of work by systematically reviewing @ ‘_3’
jé validated International Classification of Diseases (ICD), 9th edition (ICD-9) and ICD-10 ggJ g'
44 based case definitions for diabetes and comparing the validity of different case ‘é g
45 definitions across studies and countries. 5 2
4
jg METHODS § E
50 Search Strategy % §
51 L)
gg This systematic review was performed using the Preferred Reporting Items for ‘:‘E
54 Systematic Reviews and Meta-Analyses (PRISMA) guidelines[11][Appendix A]. Two 2
55 citation databases, Medline and Embase, were searched using an OVID platform from g
56 1980 until September, 2015. The search strategy consisted of the following set of terms E
g; [Appendix B]: (1) [health services research or administrative data or hospital discharge é
59 g
60 o
3 o
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data or ICD-9 or ICD-10 or medical record or health information or surveillance or
physician claims or claims or hospital discharge or coding or codes] AND (2) [validity or
validation or case definition or algorithm or agreement or accuracy or sensitivity or
specificity or positive predictive value or negative predictive value] AND (3) medical
subject heading terms for diabetes. Searches were limited to human studies published
in English. The broad nature of the search strategy allowed for the detection of
modifications of ICD codes, such as international clinical modification (e.g. ICD-9-CM).

Study Selection

Studies were evaluated in duplicate for eligibility in a two-stage procedure. In stage one,
all identified titles and abstracts were reviewed and in stage two, a full text review was
performed on all studies that met the predefined eligibility criteria. If either reviewer
defined a study as eligible in stage one, it was included in the full-text review in stage
two. Disagreements were resolved by discussion or consultation with a third reviewer.

Inclusion/Exclusion Criteria

A study was included in the systematic review if it met the following criteria: (1) study
population included those > 18 years of age with type 1 diabetes mellitus or type 2
diabetes mellitus (2) statistical estimates [sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) or, kappa] were reported or could be
calculated; (3) an ICD-9 or ICD-10 case definition for diabetes was reported and
validated; (4) a satisfactory reference standard (e.g. self-report from population-based
surveys or patient medical chart reviews); and (5) if it reported on original data. Studies
validating diabetes in specialized populations (e.g. cardiovascular disease) were
excluded to ensure the diabetes case definitions would be generalizable. Studies not
employing a sole medical encounter data in their diabetes case definition (e.g. inclusion
of pharmacy or laboratory data) were also excluded, as the independent validity of such
definitions could not be calculated. Bibliographies of included studies were manually
searched for additional studies, which were then screened and reviewed using the same
methods described above.

Data Extraction and Quality Assessment

Primary outcomes were sensitivity, specificity, PPV, NPV, and kappa reported for each of
the ICD-coded diabetes case definition. Other extracted data included sample size, and
ICD codes used. If statistical estimates were not reported in the original paper,
estimates were calculated from data available.

Calculating a pooled estimate of surveillance performance measures using meta-analytic

techniques was deemed inappropriate given the heterogeneity of diabetes case
definitions and reference standards used across studies. Data were tabulated by type of
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1 g
2 administrative health data used. Study quality was evaluated using the Quality _::
5 Assessment Tool for Diagnostic Accuracy Studies (QUADAS) criteria[12]. @
c :
; RESULTS a
9 g
10 Identification and Description of Studies - i
11 s 2
12 A total of 2,895 abstracts were identified with 193 studies reviewed in full text, of which 3 Q
ﬁ: 16 studies met all eligibility criteria (Figure 1). Eight of these studies were conducted in § CB\T
15 the United States[13-20], seven in Canada[21-27], and one in Australia[28]. Thirteen s g
16 studies used ICD-9 codes[13-19, 21-23, 26-28] and the remaining three studies used S %
17 both ICD-9 and ICD-10 codes[23-25]. None of the studies differentiated or commented E §
ig as to whether a particular code of interest was in the primary or in one of the secondary % z
20 diagnostic positions. Of the 16 studies reviewed, eight used medical records[13-14, 21, 2 %
21 23-26, 28], and eight used either self-reported surveys or telephone surveys to validate 5 §
2:23 the diabetes diagnosis[15-20, 22-27]. Eight studies used physician claims data[13-16, 18- ‘% o
24 20, 23], four studies used hospital discharge data [22, 24, 26, 28], and four studies used E z
25 a combination of both[17, 21, 25, 27]. Two studies used electronic medical records ‘é é”g
26 (EMRs) as their health data source[29, 30] but these were removed from the review ig-é
% since EMRs were not a part of our search strategy. §§ &
29 539
30 The QUADAS scores (Table 1) ranged from 9 to 13, out of a maximum of 14. Five QC:BE
31 guestions were selected from QUADAS to constitute the ‘bias assessment’. Regardless gg sga_
gé of quality assessment scores, all 16 studies are discussed in this systematic review. gg%
34 o ” " o 538
35 The sample size varied from 93 to ~3 million people. Sensitivity and specificity values 32>
36 were available from all 18 studies, PPV in 16 studies, NPV in 12 studies, and kappa in six. E\(Bg
g; All 16 studies were categorized by the type of administrative health data source being > g
39 used. 3 g
40 R
41 Physician Claims Data @ g
42 2 5
43 a ©
a4 Table 2 lists the eight studies[13-16, 18-20, 23] using physician claims data. In these ‘é g
45 studies, the sensitivity ranged from 26.9 to 97%, specificity ranged from 94.3 to 99.4%, 5 >
46 PPV ranged from 71.4 to 96.2%, NPV ranged from 95 to 99.6% and kappa ranged from % S
j; 0.8 to 0.9. Four out of the eight studies using physician claims data had a least one % %
49 diabetes case definition where both sensitivity and specificity exceed 80%. § B
50 g O
51 Studies comparing physician claims based case definitions over multiple years [13, 15- ' i
gg 16] consistently show increases in sensitivity values and a slight decrease in specificity E
54 and PPV over time. This relationship is consistent with the study[18] looking at changes 2
55 in the statistical estimates with increasing the number of appearance of diagnostic g
56 codes in the case definition — the sensitivity was the highest when any diagnostic code E
g; (in-patient or out-patient) was used, while the specificity and PPV were the highest 8
59 g
60 o
5 ®
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when most number of out-patient diagnostic codes were used.
Hospital Discharge Data

Table 3 lists the four studies[22, 24, 26, 28] using only hospital discharge data. In these
studies, the sensitivity ranged from 59.1 to 92.6%, specificity ranged from 95.5 to 99%,
PPV ranged from 62.5 to 96%, NPV ranged from 90.8 to 99%, and kappa ranged from 0.6
to 0.9. Two out of the four studies using hospital discharge data had a least one diabetes
case definition where both sensitivity and specificity exceed 80%. In contrast to the
physician claims based case definitions, the sensitivity seemed to improve when a
longer duration was used in the case definition, however the specificity and the PPV
behaved inversely.

Combination of Physician Claims and Hospital Discharge Data

Table 4 lists out the four studies[17, 21, 25, 27] using a combination of physician claims
and hospital discharge data. In these studies, the sensitivity ranged from 57 to 95.6%,
specificity ranged from 88 to 98.5%, PPV ranged from 54 to 80%, NPV ranged from 98 to
99.6% and kappa ranged from 0.7 to 0.8. Using a combination of two or more data
sources increases the minimum value of the range for sensitivity compared to using
either physician claims or hospital discharge data based definitions individually. All four
of the studies using a combination of physician claims and hospital discharge data had a
least one case definition where both sensitivity and specificity exceed 80%.

Another factor affecting the statistical estimates is the number of claims being used in
the definition. Rector et al.’s study[17] shows consistent results where the sensitivity is
higher when at least one claims data is used in the definition, but the specificity is higher
when at least two are used. Lastly, Young et al.’s study[27] demonstrates the highest
sensitivity when 2 physician claims and 2 hospital discharge data are used in the
definition and the highest specificity when one physician claim and two hospital claims
are used in the definition.

A secondary tabulation of data was performed by the type of ICD coding system used.
Eight studies using ICD-9 coding systems are from the United States and four studies
from Canada. Four studies use both ICD-9 and ICD-10 coding systems — three of these
are from Canada and one from Western Australia. In studies using ICD-9 codes,
sensitivity ranged from 26.9 to 100%, specificity ranged from 88 to 100%, PPV ranged
from 21 to 100%, NPV ranged from 74 to 99.6%, and kappa ranged from 0.6 to 0.9;
whereas, in the studies using ICD-10 codes, the ranges for sensitivity (59.1 to 89.6%) and
specificity (95.5 to 99%) narrowed significantly, and PPV ranged from 63.1 to 96%, NPV
ranged 90.8 to 98.9%, and kappa ranged from 0.6 to 0.9.

DISCUSSION
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. =
2 H
2 In this systematic review, case definitions appear to perform better when more data ::
5 sources are used over a longer observation period. The outcomes with respect to @
6 sensitivity, specificity and PPV for each of these studies seem to differ due to variations Té
7 in the definition of primary diagnosis in ICD-coded health data, the use of hospital §
g discharge versus physician billing claims, and by the geographical location. 3
10 g
11 The validity of diabetes case definitions varies significantly across studies, but we é-? §
12 identified definition features that were associated with-better performance. The 3 Q
ﬁ: combinations of more than one data source, physician claim and /or hospital discharge § CB\T
15 encounter along with an observation period of more than one year consistently s g
16 demonstrated higher sensitivity with only a modest decline in specificity. These 3 5
17 definition characteristics are present in the definition used by the National Diabetes E §
ig Surveillance System (NDSS) to identify Canadians with diabetes mellitus[31]. The % ik
20 performance of this particular definition has been widely studied and a meta-analysis 2 %
21 pooling the results of these studies demonstrates a pooled sensitivity of 82.3% (95% Cl 5 N
22 75.8, 87.4) and specificity of 97.9% (95% Cl 96.5, 98.8%)[10]. a S
23 s 2
c

gg This systematic review, provides new knowledge on factors that are associated with % (B:g
26 enhanced definition performance, and outlines the trade-offs one encounters with ig-é
% respect to sensitivity and specificity (and secondarily PPV and NPV) related to data §§ 5
29 source and years of follow up. The development of an administrative case definition of =29
30 diabetes is often related to pragmatic considerations (type of data on hand); however, QC:BE
31 this systematic review provides health services researchers with important information =E
32 on how case definitions may perform given definition characteristics. 3§§
2 B og
35 There was considerable ‘within-data definition’ variation in measures of validity. This 3,%3
36 variation likely reflects that neither physician claims nor hospital discharge data are E\(Bg
g; primarily collected for surveillance; hence, the accuracy of diagnoses coded in these > g
39 data sources remains suspect. Physician claims, while potentially rich in clinical = g
40 information, are not recorded in a standardized manner. Billing practices do vary by R
41 practitioner, which may in turn be influenced by the nature of physician reimbursement @ ‘_3’
jé (salary versus fee for service)[23, 32-33]. Furthermore, patients with diabetes commonly ggJ g'
a4 carry multiple comorbidities, so while patients may have diabetes and be seen by a ‘é g
45 physician, providers will file billing claims for conditions other than diabetes[34-35]. In 5 o
46 contrast, hospital discharge data are limited to clinical information that is relevant to an = 5
j; individual hospitalization, capturing diagnostic and treatment information usually for a % %
49 brief window of time. The advantage of hospital discharge data for surveillance is that S B
50 discharge diagnostic and medical procedure information are recorded by medical coders E o
51 with standardized training with a detailed review of medical charts. However, the ' i
gg standard method of discharge coding does vary regionally and thus variation around E
54 validity estimates based on these differences in coding practices will be observed. 2
55 2
56 Ideal performance parameters will vary based on the clinical condition of interest, the g:
g; nature of surveillance and the type of data being used for surveillance. When studying 8
59 g
60 o
7 ®

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

©CoO~NOUITA,WNPE

BMJ Open

diabetes trends and incidence rate, a case definition that has high but balanced
measures of sensitivity and PPV is preferred. This will ensure maximal capture of
potential patients and that patients captured likely have diabetes. This systematic
review suggests that the commonly used two physician outpatient billings and/or one
hospitalization, within a certain period of time is appropriate. It is also important to
recognize that the data source used may also affect the type of patient identified with
administrative data definitions. Hospital discharge data (when used in isolation) will
potentially identify patients with more advanced disease or more complications and
therefore may not be fully representative of the entire diabetes population. Similarly,
physician claims data may identify a comparatively well, ambulatory population that has
access to physician care in the community.

The greatest strength of this systematic review is its inclusiveness - the search strategy
was not restricted by region, time or any particular case definition of diabetes. However,
most of the studies, 15 out of the 16, included in the qualitative analysis were
conducted in North America with high sensitivity and specificity estimates between the
cases identified through the administrative data versus medical records and the
administrative data versus population-based surveys across studies; suggesting that
public administrative data are a viable substitute for diabetes surveillance. Lastly, the
study quality across all studies included was generally high as measured by the QUADAS
scale.

There is the potential for a language bias as studies whose full-texts were not available
in English were not considered. There are potential limitations for all reference
standards used to validate administrative case definitions for diabetes. The accuracy of
charts reviews depends principally on physician documentation, availability of records,
and the accuracy of coding[36]. Self-reported surveys and telephone surveys are prone
to recall bias, social desirability bias, poor understanding of survey questions, or
incomplete knowledge of their diagnosis. Self-reported surveys can also suffer from
participation biases as patients with low diabetes risk may be less willing to participate
whereas certain patients with advance diabetes may be too unwell to participate. Age,
sex, and a patient’s level of education can have an effect on the reporting of
diabetes[37-39]. Those with poorly controlled diabetes have been found to underreport
their disease status[40]. The ideal reference standard would be a clinical measure (such
as glucose or HbA1c) however the use of a clinical reference standard is not often done.

In addition to the limitations of the reference standards used for validation it should
also be noted that even clinical measures as a references standard are imperfect and
glucose and HbA1C are surrogates of the underlying disease process. It should also be
noted that glucose and HbA1C thresholds for diagnosis have changed (albeit modestly)
over the past 20 years. Changes in the clinical definition over time have significant
implications to diabetes surveillance. Understanding changing diagnostic thresholds is
critical to interpreting surveillance data. However, the validity of an administrative data
case definition is conceptually related but somewhat separate from the clinical
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; on care for the disease. The administrative definitions identify patients with a diagnosis §
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40 command the performance parameters of an administrative case definition. Approaches 5 3
S
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jé high sensitivity, specificity and PPV. Overall, administrative health databases are useful ggJ 9
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o
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Table 1. Study Quality Characteristics using QUADAS Tool
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QUADAS Tool
Item

Hux

. 2
Robinson
2

.1
Borzecki
3

Wilchesky?
3

1
Crane

24

So

Chen®

Nedkoff*

8

26
Quan

Young2
7

Hebert!
5

Ngo

1
Rector
7

. 1
Miller
8

Singh19

2
O'Connor
0

Was the
spectrum of
patients
representative
of the patients
who will
receive the test
in practice?*

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Were selection
criteria clearly
described?

Yes

Yes

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Is the
reference
standard likely
to correctly
classify the
target
condition?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Is the time
period
between
reference
standard and
index test short
enough to be
reasonably
sure that the
target
condition did
not change
between the
two tests?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Did the whole
sample or a
random
selection of the
sample, receive

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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1
2
3
4
5 verifica.ution
using a
6 reference
7 standard of
8 diagnosis?*
9 Did patients
10 receive the
11 same reference
12 standard Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
regardless of
13 the index test
14 result?*
15 Was the
16 reference
standard
1; independent of
19 :ih: |tnr:j:?<ntde:; Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
20 test did not
21 form part of
the reference
22 standard)?
23 Was the
24 execution of
25 the index test
26 c.ie.scrlbed ".1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
27 sufficient detail
to permit
28 replication of
29 the test?
30 Was the
31 execution of
the reference
32
33 dessctr?l;f; r]: Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
34 sufficient detail
35 to permit its
36 replication?
37 Were the index
test results
38 interpreted Yes Yes Yes Yes Unilea Uncr:lea Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
38 without
4 knowledge of
41
42
43
44
45
. . . . . . 15
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the results of
the reference
standard?*
Were the
reference
standard
results
interpreted
without
knowledge of
the results of
the index
test?*

Were the same
clinical data
available when
test results

. were | Unclea Unclear Yes Yes Yes Yes Unclea Yes Yes Yes Unclear Yes Yes Yes Yes Unclear
interpreted as r r
would be
available when
the test is used
in practice?
Were
uninterpretabl
e/
intermediate
test results
reported?
Were
withdrawals | Unclea Unclear No No No No Unclea Ves Unclea | Unclea Unclear No No No Unclea Unclear
from the study r r r r r
explained?
Score
(Maximum 14)
Bias
assessment 5 5 5 5 4 4 5 5 5 5 5 5 5 5 5 5
(Maximum 5)

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

No No No Yes No No No No No No No No No No No Yes

11 11 10 12 10 9 11 13 12 12 11 11 12 12 12 12

QUADAS tool is extracted from table 2 of Whiting P, Rutjes AW, Reitsma JB, et al. The development of QUADAS: a tool for the quality assessment of studies of diagnostic accuracy included in
systematic reviews. BMC Med Res Methodol.2003;3:25".
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Table 2: Study Characteristics and Test Measures of Studies for Physician Claims Data

BMJ Open

(Superior performance characteristics within studies have been highlighted in bold.)

Country

Study
Years

Author[Reference]

Reference

Type of
Administrative
Data

Diabetes Case Definition

ICD Codes
Used

Study, N

Sensitivity
%
(95% Cl)

Specificity %
(95% CI)

PPV %
(95% Cl)

NPV %
(95% cl)

Kappa

Canada

1995 -
1996

Wilcheky®

Medical Chart

Physician Claims

Using only diagnoses recorded
in the claims of study
physicians

ICD-9 250.0
-9

2,752

51.78
(49.9,
53.6)

98.41
(98.2, 98.6)

Using diagnostic codes
recorded on claims made by all
physicians who provided
medical services to patients in
the year prior to the start of the
study

ICD-9 250.0
-9

64.43
(62.6,
66.2)

96.82 (96.5,
97.1)

USA

1997 -
2001

14
Crane

Clinician
documentation
in Electronic
Medical
Record
progress notes

Physician Claims

At least one clinician-coded
diagnoses

ICD 9 250.0,
1,.2,.3

1,441

93
(86, 100)

99
(99, 100)

91
(83,99)

USA

1998 -
1999

.13
Borzecki

Medical Charts

Physician Claims

At least one diagnosis in
National Department of
Veterans Affairs (VA) database,
Out-Patient Clinic file over one
year

ICD 9 250.x

1,176

97

96

0.92

At least two diagnoses in
National Department of
Veterans Affairs (VA) database,
Out-Patient Clinic file over one
year

ICD 9 250.x

0.91

At least one diagnosis in
National Department of
Veterans Affairs (VA) database,
Out-Patient Clinic file over two
years

ICD 9 250.x

0.89
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0.93

USA

USA

1993 -
1994

1996 -
1998

20
O'Connor

Singh®®

Telephone
Survey

Self-reported
Survey

Physician Claims

Physician Claims

Two or more ICD-9 diagnostic
codes

Veterans Affairs databases

Oregon Medicaid Claims Data,

ICD 9 250.x

ICD 9 250

1,976

92.22*

76
(75-76)

98.62*

98
(98 -98)

ICD 9-CM
One or more diagnoses of 250.00-.93,
USA 1992 - Hebert"™ Self-reported Physician Claims | diabetes in any claim file over 357.2, 71.6 96.6 79
1995 Survey 1-year period 362.0-
362.02,
366.41
ICD 9-CM
One or more diagnoses of 250.00-.93,
diabetes in any claim file over 357.2, 79.1 94.3 71.4
2-year period 362.0-.02,
366.41

76.15*

91
(91-91)

99.63*

95
(94 - 95)

0.79
(0.79 -

USA

1997 -
2000

N 18
Miller

Self-reported
Survey

Physician Claims
(Medicare)

diagnosis code

Any diagnostic code

ICD 9 250,
357.2,
362.0,
366.41

2,924,148

78.3

95.7

85.3

. ICD 9 250, 0.81
= <
USA 1997 Ngo'® Self-reported | o\ ian Claims | ANY €lim < 24 months before | 300 0, 5 56y 83.9 97.9 81.9 98.2 (0.77 -
Survey interview with a diabetes
rervien 366.41 0.85)
diagnosis code
e o 357.2, 362, 88.7 97.4 76.4 98.9 (0.76 -
366.41 0.85)
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1
2
3
4
5 ICD 9 250,
. ) . 357.2,
6 Any out-patient diagnostic code 362.0 77.5 95.9 85.8
7 366.41
8 ICD 9 250,
9 > 2 any diagnostic code 357.2, 73.1 98.3 93.4
10 362.0,
11 366.41
ICD 9 250
12 ’
. 357.2,
> -
13 > 2 out-patient codes 362.0, 72.2 98.4 93.7
14 366.41
15 ICD 9 250,
16 > 3 any diagnostic code 3225’ 69 98.4 95.2
17 366.41
ig ICD 9 250,
. 357.2,
> -
20 > 3 out-patient codes 362.0, 68 98.9 95.4
21 366.41
22 ICD 9 250,
23 > 4 any diagnostic code gz;g’ 65 99.1 96
24 366.41
25 ICD 9 250,
26 > 4 out-patient codes 357.2, 63.8 99.2 96.2
27 362.0,
28 366.41
29
30 PPV: Positive Predictive Value
31 NPV: Negative Predictive Value
ICD: International Classification of Diseases
32 ICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification
33 ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification
34 Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.
35 Sensitivity identifies the proportion of patients who truly do have the disease/condition.
36 Specificity identifies the proportion of patients who truly do not have the disease/condition.
Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
37 Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
38 Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
39
40
41
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43
44
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Table 3: Study Characteristics and Test Measures of Studies for Hospital Discharge Data

BMJ Open

(Superior performance characteristics within studies have been highlighted in bold.)
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Type of ICD Sensiti
Study Author . . . N vity % Specificity PPV % NPV %
Country Years [Reference] Reference Administrative Diabetes Case Definition Codes Study, N (95% % (95% Cl) (95% Cl) (95% CI) Kappa
Data Used
ql)
1995 . . . . 80 98.3 80 98.3
coin | | st | el | e | ot it AT B U SO A
2000 & P - 95.67) 99.65) 95.67) 99.65)
ICD-10
E10.0 -
2001 Diabetes with .8, E11.0 66.7 98.9 83.3 97.2
- Comblications -.8, (38.38, (96.00, (51.59, (93.67,
2004 P E12.0-.8, 88.18) 99.86) 97.91) 99.10)
E13.0-.8,
E14.0-.8
2% Medical Hospital Diabetes with Chronic ICD9
Canada 2003 Quan Chart Discharge Data | Complications 250.4-.7 4,008 63.6 98.9 625 99 0.62
ICD 10
E10.2 -
.5, E10.7,
E11.2 -
. ) ) .5, E11.7,
E;anfefisa:;hfhmn'c E12.2- 59.1 99 63.1 98.9 0.6
P 5,E12.7,
E13.2 -
.5,E13.7,
E14.2 -
.5,E14.7
ICD9
Diabetes without Chronic 250.0 -
Complications .3, 250.8, 717 98.4 86.5 97 08
9
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1
2
3
4
5 E610.80, ;31,
6 E110, .1,
7 .6, E11.8,
8 . . . 9, E12.0,
9 Diabetes without Chronic | " o "¢ 75.8 98.7 88.5 96.8 0.79
Complications
10 P 9, E13.0,
1,.6,.8,
11 .9, E14.0,
ig 1,.6,.8,
9
1 -]
15 Western Medical Hospital Look back period: Index ICD
16 ! 1998 | Nedkoff® osp - back period: 9/IcD-9 1,685 91.1 98.7 93.3 97.4 0.912
Australia Chart Discharge Data admission
17 CM 250
18 1-year 91.6 98.1 92.8 97.6 0.902
19
20 2-years 92.1 97.9 92.1 97.8 0.903
21 5-years 92.4 97.7 91.9 97.8 0.9
gg 10-years 92.6 97.6 91.4 97.8 0.9
24 15-years 92.6 97.5 97.8 0.897
25 5 .. ICD 10-
26 ;88421 :Z:‘;?gﬁ period: Index AM E10- 2,258 815 98.2 9% 90.8 0.825
E14
27
28 1-year 86.3 97.3 94.4 93 0.853
29 2-years 87.3 96.7 93.5 93.4 0.854
30
31 5-years 89.3 959t 92.2 94.4 0.859
32 10-years 89.6 956t 91.6 94.5 0.856
gi 15-years 89.6 95.5 1 91.5 94.5 0.855
35 ]
36 1989 Self- Disc':]zsrpgaéata 1, 2 or 3 physician claim or 0.72
37 Canada - Robinson® reported g L 1 hospitalization over 3 ICD9CM 2,651 72 98 76 98 (0.67 -
and Physician
38 1990 Survey Claims years 0.77)
39
40
PPV: Positive Predictive Value
41
42
43
44
45 2
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NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM:: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of patients who truly do have the disease/condition.

Specificity identifies the proportion of patients who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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1
2
3
4
5 Table 4: Study Characteristics and Test Measures of Studies for both Physician Claims Data and Hospital Discharge Data
? (Superior performance characteristics within studies have been highlighted in bold.)
8
eference Type of Sensitivit e .
9 Study Author™f . . . L ICD Codes | Study o Specificity PPV % NPV % Kapp
10 Country Years ] Reference Admn;:tt;atlve Diabetes Case Definition Used N (9;/’0) % (95%Cl) (95% Cl) (95% Cl) a
11 . Physician Claims | One Physician Service Claims
12 Canada 11999929_ Hux® h/lcic::tal and Hospital or One Hospitalization with IZCS%-?( 3,317 91 92* 61 99*
13 Discharge Data diagnosis of diabetes )
14 Two Physician Service Claims }
15 or One Hospitalization with lzcs?J?( 86 97* 80 98*
16 diagnosis of diabetes )
17
- . ICD9
18 Canada | 2000- Chen® Medical Phay::ﬁgsc'ii;rlns 3 Years Observation Period | 250x%,ICD | 4, (:;":_ 92.8(91.9- 54 99.6 (8'215_
19 2002 Chart Disch pD N Data 10 E10.x - ! 97'7) 93.7) (49.6-58.5) (99.4-99.8) 0‘69)
20 ischarge Data 14 . .
21 ICDS 86.4 0.77
22 2 Years Observation Period 250.xx, ICD (82.4— 97.1 724 98.8 (0'73_
23 Data 10 E10.x - 90'5) (96.5-97.7) (67.5-77.3) (98.4-99.2) 0'81)
24 14.x : .
ICDS 91.2 0.82
25 Physician Clai 3 Years Observation Period 250.xx, ICD (87.9— 97.6 72.1 99.2 (0.78—
26 ysician Liaims | pata 10 E10.x - . (97.1-98.1) | (67.5-76.9) | (98.9-99.5) | "
94.6) 0.85)
27 14.x
28 IcD9
29 2 Years Observation Period 250.xx, ICD (7716'5?_ 99.3 90.9 98 (;)'883_
30 Data 10 E10.x - 81.6) (99.0-99.6) | (87.2-94.6) | (97.5-98.4) 85.5)
31 14.x
a2 ICD9
33 Hospital 250.xx
34 USA 1999 Rector'’ Telephone | - Discharge Data |, o 1999 (jaim with dx 357.2x, 3,633 90 93
surveys and Physician
35 Claims 362.0,
36 366.41
37 2505
38 One 1999 face-to-face X%
39 encounter claim with dx 357.2%, 82 %6
362.0x,
40 366.41
41
42
43
44
45 23
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BMJ Open
ICD9
One 1999 face-to-face 250.xx,
encounter claim with 357.2x, 72 98
primary dx 362.0x,
366.41
ICD9
250.xx,
Two 1999 claims with dx 357.2x, 85 96
362.0x,
366.41
ICD9
Two 1999 face-to-face 250.xx,
encounter claims with 357.2x, 70 98
primary dx 362.0x,
366.41
ICD9
Two 1999 face-to-face 250.xx,
encounter claims with 357.2x, 57 99
primary dx 362.0x,
366.41
ICD9
1999 - One 1999 or 2000 claim with | 20
2000 dx 357.2x, 95 88
362.0x,
366.41]
ICD9
One 1999 or 2000 face-to- 250
face encounter claim with dx 357.2%, 94 92
362.0x,
366.41
ICD9
One 1999 or 2000 face-to- 250.xx,
face encounter claim with 357.2x, 87 96
primary dx 362.0x,
366.41
ICD9
. 250.xx,
TWV,:?-, 3?(99 or 2000 claims 357.2x, 03 03
362.0x,
366.41
Two 1999 or 2000 face-to- ICD9
face encounter claims with 250.xx, 91 95
dx 357.2x,
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1
2
3
4
5 oy
6 .
7
8 ICD9
9 Two 1999 or 2000 face-to- 250.xx,
face encounter claims with 357.2x, 77 98
10 primary dx 362.0x,
11 366.41
12
13 [Hospital admissions of
14 provincial residents claims
15 for which are submitted to
16 the Manitoba Health
Services Commission
17
18 (MHSC)] AND [Hospital
1980 - Self- Hospital admissions of provincial
19 Canada 1984 Young27 reported Admission and residents claims for which ICD 9-CM 1,000 82.7 96.3
20 Survey Physician Claims | are submitted to the
21 Manitoba Health Services
22 Commission (MHSC) AND
23 Claims by the physician to
the Manitoba Health
24 Services Commission (MHSC)
25 or payment]
26 [Hospital admissions of
27 provincial residents claims
28 for which are submitted to
the Manitoba Health
29 Services Commission (MHSC)
30 AND Claims by the physician
31 to the Manitoba Health ICD 9-CM 82.1 98.5
32 Services Commission (MHSC)
33 or payment] AND [Claims by
the physician to the
34 Manitoba Health Services
35 Commission (MHSC) or
36 payment]
37
38
39
40
41
42
43
44
45 55
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[Hospital admissions of
provincial residents claims
for which are submitted to
the Manitoba Health
Services Commission
(MHSC)] AND [Hospital
admissions of provincial
residents claims for which
are submitted to the
Manitoba Health Services ICD 9-CM 83.9
Commission (MHSC) AND
Claims by the physician to
the Manitoba Health
Services Commission (MHSC)
or payment] AND [Claims by
the physician to the
Manitoba Health Services
Commission (MHSC) or
payment]

95.8

Page 26 of 31

PPV: Positive Predictive Value

NPV: Negative Predictive Value

ICD: International Classification of Diseases

ICD-9-CM:: International Classification of Diseases, Ninth Revision, Clinical Modification

ICD 10-AM: International Classification of Diseases, Tenth Revision, Australian Modification

Note: *Sensitivity, Specificity, PPV and NPV are all hand-calculated.

Sensitivity identifies the proportion of patients who truly do have the disease/condition.

Specificity identifies the proportion of patients who truly do not have the disease/condition.

Positive predictive value is the probability that subjects with a positive screening test truly have the disease/condition.
Negative predictive value is the probability that subjects with a negative screening test truly do not have the disease/condition.
Kappa is an inter-rater agreement statistic to evaluate the agreement between two classifications on ordinal or nominal scales.
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Citations identified through database Citationsidentified through other
searching (n =3,834) sources(n=6)

13 Citations after duplicates removed (n = 2,895)

15 4

16 Citations screened (n = 2,895) ){ Citations exduded (n = 2,703)

~ Articlesexcluded (n=176) \
20 Full-text articles assessed for eligdiy

(n=192) *  Abstractonly(n=15)
21 \ / ¢  Anticlenotavailable(n=1)
* Notanoriginalanticle (n=13)
\ 4 ¢ ICO Coding System nct used (n =55)
23 ( . o Statistical estimates notreported (n = 39))

Studies includedin qualitative Not a diabetes study (n = 18)

24

synthesis(n = 16) Not 3 validation study (n = 23)
Pediatricstudy(n=2)
Administrative datanot used (n=4)
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Section # Checklist Item Reported on
Page Number

TITLE

Title 1 ‘ Identify the report as a systematic review, meta-analysis, or both. ("3: Page 1

ABSTRACT 2

Structured summary 2 Provide a structured summary including, as applicable: background; objeg_tg/é data Page 2
sources; study eligibility criteria, participants, and interventions; study a@%gal and
synthesis methods; results; limitations; conclusions and implications of kgwﬁndmgs
systematic review registration number. oo g

INTRODUCTION 558

Rationale Describe the rationale for the review in the context of what is already kng‘vgg Page 3

Objectives 4 Provide an explicit statement of questions being addressed with referen@ Page 3
participants, interventions, comparisons, outcomes, and study design (P@D’S_i

METHODS > 3

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., B\/eb:address) N/A
and, if available, provide registration information including registration nymEter

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and reportg;ha%cterlstics Page 4
(e.g., years considered, language, publication status) used as criteria for &glglllty,
giving rationale. 3

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, ;confact with Page 3
study authors to identify additional studies) in the search and date last s&rcged

Search 8 Present full electronic search strategy for at least one database, |nclud|n%an§5hm|ts Appendix A
used, such that it could be repeated. S g

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, |ncIuded,'§|n systematlc Page 4
review, and, if applicable, included in the meta-analysis). >

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, indepeﬁdently, in | Page 4
duplicate) and any processes for obtaining and confirming data from investigdtors.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding %)urces) Page 4
and any assumptions and simplifications made. g

Risk of bias in individual studies | 12 | Describe methods used for assessing risk of bias of individual studies (|ncIudng Page 4
specification of whether this was done at the study or outcome level), and h@N this
information is to be used in any data synthesis. o

Summary measures Fb3 peState the pringipatsummarygeeasunes desgsiriskisatiodiffenense immeans). o N/A
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< 3
O ©
1 : 3
2 a 9
3 Synthesis of results 14 | Describe the methods of handling data and combining results of studies,-__f_ d&e, N/A
g including measures of consistency (e.g. I?) for each meta-analysis. a %
6 Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evi@endg (e.g., N/A
7 publication bias, selective reporting within studies). e 31
8 e >
9 Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup an@@%, meta- N/A
12 regression), if done, indicating which were pre-specified. g 8_;
2 25 2
13 RESULTS 830
14 S ag
15 Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included iRt e:?Jreview, Figure 1
i? with reasons for exclusions at each stage, ideally with a flow diagram. %%E
o
18 o=
19 Study characteristics 18 | For each study, present characteristics for which data were extracted (e.%.%ﬁjdy size, Tables1-4
20 PICOS, follow-up period) and provide the citations. Sh=
21 Ehe
22 Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome Iéveg N/A
52 assessment (see item 12). EF;. .(gD
25 3. S
S
26 Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study‘?(a)_gimple N/A
27 summary data for each intervention group (b) effect estimates and configenge
28 intervals, ideally with a forest plot. w 3
29 3 9
32 Synthesis of results 21 | Present results of each meta-analysis done, including confidence interval% arﬁ;:! N/A
32 measures of consistency. S g
5N
33 e -
34 Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item@_S).S N/A
3 3 o
36 Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analy§es, meta- | N/A
37
38 regression [see Item 16]). %
39 @
40 DISCUSSION =2
41 S
jé Summary of evidence 24 | Summarize the main findings including the strength of evidence for each matié Pages 6,7
44 outcome; consider their relevance to key groups (e.g., healthcare providers,.g'sers, and
45 policy makers). >
46 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml i
47
48
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17 prisMA 2009 Checklist was extracted from Liberati A. The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of St
18 Explanation and Elaboration. Ann. Intern. Med. 2009;339:b270011.
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Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at @vieg/—level Page 7
. . . . . . 5 9
(e.g., incomplete retrieval of identified research, reporting bias). o 8
8 S
Conclusions 26 | Provide a general interpretation of the results in the context of other eviaenge, and Page 7
implications for future research. =) i
& ms
FUNDING ¢ o 7
Do N
B33
Funding 27 | Describe sources of funding for the systematic review and other support%%‘w supply Page 8
of data); role of funders for the systematic review. e
2
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Appendix B: Search Strategies

Embase Search Criteria

3~Wolters Kluwer

Health

OvidSP

Logged in as Bushra Khokhar at University of Calgary

My Account |

&7 Ask a Librarian | Support & Training | Help | Logoff

| Search  Journals Books Multimedia My Workspace Primal Pictures

~ Search History (4 searches) (close) =
(] # A |Searches Results Search Type Actions
O 1 (exp health services research/ or administrative data.mp. or 80154 Advanced é] Display
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