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Abstract
Objective: No studies have been published to assess the validity of recording diagnostic codes in
general, and that of type 2 diabetes mellitus in particular, in the Saudi electronic health records
(EHRs). This study was conducted to assess the validity of diagnostic codes (original and
standardized) of type 2 diabetes mellitus in the centralized Saudi National

Pharmacoepidemiologic Database (NPED).

Design: A retrospective validation study.

Setting: The study was conducted using the EHRs that were imported from a Saudi hospital to

the NPED (a standardized common data model [CDM)]).

Participants: A total of 437 random diabetic patients (>18 years old) were extracted from the

CDM, between 01 January 2013 and 01 July 2018, and matched with 437 controls.

Primary outcome: Sensitivity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of comparing the standardized coding of type 2 diabetes in the CDM vs.
the original electronic records at the hospital (International Statistical Classification of Diseases
and Related Health Problems 9™ Revision (ICD-9), vs. the paper-based medical records at the

hospital, and vs. the physician re-assessment of diabetes.

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

yb1Adod Aq parosiold 1senb Ag 20z ‘9T |Udy uo /wod fwg uadoligy/:dny woly papeojumod "£Z0Z U2JBIN TZ U0 89%590-220Z-uadolwa/oeTT 0T se paysiignd isiy :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Results: PPVs of NPED vs. original EHRs, paper-based records and physician re-assessment

were 1.0 (95% confidence interval [CI] 0.99 to 1.0), 0.54 (95%CI 0.47 to 0.61), and 1.0 (95%CI

0.99 to 1.0); respectively. Sensitivities were 0.95 (95%CI 0.93 to 0.97), 0.93 (95%CI 0.86 to

0.97), and 0.95 (95%CI 0.93 to 0.97); respectively. NPVs were 0.95 (95%CI 0.92 to 0.97), 0.96

(0.92 to 0.98), and 0.95 (0.92 to 0.97); respectively. Specificities were 1.0 (95%CI 0.99 to 1.0),

0.68 (95%CI 0.62 to 0.73), and 1.0 (95%CI 0.99 to 1.0); respectively.

Conclusions: The results of our study substantiate the validity of coding, extracting, and

standardizing type 2 diabetes mellitus in the NPED. A future multi-center study would help

adding more emphasis to the study findings.
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Strength and limitations of the study

The validity of disease diagnostic codes in general, and type 2 diabetes mellitus in

particular, has not been assessed in Saudi Arabia

This study showed that the majority of the pairwise comparison validation estimates

(sensitivity, specificity, positive and negative predictive values) were above 90%

The results of our study substantiate the validity of coding, extracting, and standardizing

type 2 diabetes mellitus in the NPED

Our study was included only one center

The validity of only ICD-9 code was assessed in the study (most hospitals have started

using ICD-10 code)
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INTRODUCTION

Data collected electronically from the provision of routine clinical care (i.e. real-world data
[RWD]) have been used to generate evidence (Real-world evidence [RWE]) on benefits, risks,
and the utilization of pharmaceuticals. 119 In Saudi Arabia, the electronic recording of health
data in hospital settings has increased at the major tertiary hospitals during the last decade. '!-14
In 2018, the Saudi Food and Drug Authority (SFDA) established the National
Pharmacoepidemiologic Database (NPED) to integrate and standardize electronic health records
(EHRs) from different hospitals in Saudi Arabia.!! The NPED was initiated to maximize the
utilization of RWE in supporting drug regulatory decision-making processes.!! The NPED will
also be utilized in determining disease natural histories and trends in Saudi Arabia.'! A
standardization was performed for the EHRs that were imported from the first hospital using the
Observational Health Data Sciences and Informatics (OHDSI) Common Data Model (CDM).!!
The standardization process was followed by an initial data quality assessment (no alarming
concerns were identified). However, this quality assessment did not include assessing the validity
of the recorded data.!! Additionally, and up to our knowledge, no study has been published to
assess the validity of the health recording practice at any of the Saudi hospitals (especially those

of disease diagnostic codes).

The validity of RWD is integral in conducting pharmacoepidemiologic research
studies.®!>16 Conducting validation studies in the Saudi health care system would assist not only
in improving the quality of the generated RWE but also in supporting stakeholders in

implementing their quality improvement initiatives. Validating the diagnostic codes of diabetes
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(especially type 2 diabetes mellitus) is a priority given its high prevalence in Saudi Arabia (25%
prevalence among the adult population), and given the lack of well-designed and large-scale
pharmacoepidemiologic studies in the Saudi diabetic population.!”!8 This study was conducted
to assess the validity of the original, the extracted, and the standardized diagnostic codes of type
2 diabetes mellitus of the EHRs that were imported from the first hospital to the NPED. The
validity of the original diagnosis of type 2 diabetes mellitus at that hospital was also assessed.
Finally, the study was aimed at assessing whether the diagnostic code of type 2 diabetes can be
used to identify patients with type 2 diabetes (or diabetes as an outcome) in the standardized

EHRs of that hospital.

RESEARCH DESIGN AND METHODS

Study design, data source, and patient population

This study was a retrospective validation study. The study was carried out using the EHRs that
were imported and mapped from a private hospital in Riyadh to the NPED. A random sample of
type 2 diabetic patients, who visited the hospital in the period between 01 January 2013 and 01
July 2018, was extracted from the standardized EHRs of the hospital and matched with a control
group (non-diabetic patients) based on age and sex. The included participants were required to be

>18 years and have at least one health record.
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Validation methods

The standardized diagnostic code of diabetes in the CDM was validated using a 3-step validation
approach (Figure 1). The first validation step was aimed at confirming the presence (in the
included cases) and the absence (in the included controls) of type 2 diabetes in the sample that
was extracted from the CDM by reviewing the patients’ original EHRs at the hospital (the first
reference). Diseases were coded during the study period at the hospital using the International
Statistical Classification of Diseases and Related Health Problems 9™ Revision (ICD-9) code
(ICD-9 code of type 2 diabetes mellitus: 250.00). This validation step will help in assessing the
accuracy of the CDM standardization process at the NPED, the completeness of the EHR
extraction process, and the validity of the original coding ICD coding of type 2 diabetes mellitus

at the hospital.

The second validation assessment was performed using a different reference: the patients’ paper-
based medical records (Figure 1). This validation step also included a comparison between the
original EHRs (the first reference) vs. paper-based medical records (the second reference) as an
additional step to validate the former standard. The final validation step, which was also a step to
validate the original diagnosis of type 2 diabetes mellitus at the hospital, all study patients (both
cases and controls) were re-assessed for the presence of type 2 diabetes by one of the study

physicians (the third reference) based on the hospital criteria which are adopted from the
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American Diabetes Association (AD) classification and diagnosis of diabetes (Table 1).!° The

physician was allowed to use all resources at the hospital that are necessary to complete the

diagnosis. The diabetic code of patients in the standardized CDM was compared to the third
reference. The findings from the assessment of the third reference were also compared with those
of the first (original EHRSs) and the second (paper-based medical records) references as an

additional validation step of the latter two standards (Figure 1).

Judging whether the diagnostic code of diabetes is sufficient to identify patients with type 2
diabetes mellitus (or to identify type 2 diabetes as an outcome) in the CDM is conditional on the
values of the validation assessment. If the estimates of the validation assessment (in particular
sensitivity and positive predictive value [PPV]) vs. one of the references were deemed high (i.e.
a chosen cut-off value of >85% based on the team clinical judgement), we would conclude that
using only the diagnostic code is sufficient to identify diabetic patients in the CDM or to identify

diabetes as an outcome. Otherwise, an assessment of the validity of additional identification
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algorithms will be would have been performed. The following algorithms would have been

examined

e FPG=>126 mg/dL (7.0 mmol/L)

e 2-h PG=>200 mg/dL (11.1 mmol/L) during an OGTT

e Al1C=>6.5% (48 mmol/mol).

e Symptoms of hyperglycemia or hyperglycemic crisis
(polyuria, polydipsia, and unexplained weight loss), AND a
random plasma glucose => 200 mg/dL (11.1 mmol/L).

¢ On therapy for Diabetes mellitus (Anti-diabetic medications)
and previous diagnosis of Diabetes Mellitus in medical
records.

standardized code in the CDM:

vs. the

- First algorithm: type 2 diabetes code + a prescription of an ant-diabetic medication

- Second algorithm: type 2 diabetes code + a prescription of an anti-diabetic medication +

a blood measurement reflective of diabetes (Table 1)

Table 1. Criteria for diagnosing type 2 diabetes mellitus

* In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat
testing on a different day
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These algorithms were chosen based on clinical judgment and based on other previously

published algorithms.?%-?!

Statistical analysis

Sensitivity, positive predictive value (PPV), specificity, and negative predictive value (NPV)
were estimated for each pairwise comparison (Figure 1) with their corresponding 95%
confidence intervals (Cls). To demonstrate a sensitivity of 85% and an expected width of 95%CI
of 10% (taking into account the 25% prevalence of type 2 diabetes mellitus in Saudi Arabia), a
minimum sample size of 196 patients (98 cases and 98 controls) was needed.!”1822

All statistical analyses were performed using RStudio Version 1.4.1103.

Patient and public involvement

Patients and/or public were not involved in the study.

RESULTS

Figure 1 shows a description of the number of patients who were included in each pairwise
comparison. A total of 437 random diabetic patients were identified and were matched with 437
controls. Of these matched pairs, only 190 (43.0 %) had paper-based medical records. The

median age of the included patients (both the cases and controls) was 56 years (interquartile

10
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range=21), and 522 of the included patients (60.0 %) were male. Type 2 diabetes mellitus

(among the cases) was diagnosed between 2007 and 2018. The majority of the cases (83.6%) had

abnormal hemoglobin Alc levels at the time of (or the nearest time to) the diagnosis of type 2

diabetes mellitus.

The estimates of validating the standardized diabetic code in the CDM vs. two references (EHRs

and the re-diagnosis) were all above 90% (Table 2). The validation estimates for EHRs vs. re-

diagnosis were also above 90%. The PPV and specificity for CDM vs. paper-based

documentation were 46% and 31% lower compared with those vs. EHRs and re-diagnosis (Table

3). Of 190 cases that were included in the validation assessment with the paper-based

documentation as a reference, 87 (46%) did not have any records for type 2 diabetes mellitus in

their medical charts. Type 2 diabetes mellitus among these 87 was mostly diagnosed after 2013

(the year of the large-scale utilization of EHRs at the hospital), and only 8 patients were

diagnosed with diabetes before 2013. This may justify the absence of diabetes recording in their

paper-based medical charts. The sensitivity and PPV of CDM vs. both EHRs and physician re-

diagnosis were above 85%. Therefore, an assessment of additional diabetes-identification

algorithms was deemed unnecessary.

Table 2. Validation estimates of the pairwise comparison among all study patients (excluding the
paper-based comparison)

11

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

Page 12 of 22

y6uAdoo Aq paloalold 1senb Aq 120z ‘9T udy uo /wod" g uadolwg//:dny woij papeojumoq €202 Yd4elN TZ U0 891590-220z-uadolwag/oeTT 0T st paysiignd isuy :uado NG


http://bmjopen.bmj.com/

Page 13 of 22

oNOYTULT D WN =

BMJ Open

Validation estimates (%)

Comparisons Sensitiv Soocific
ensitivity peciticity
PPV (95%CI NPV (95%CI
(O5%CD) (95%CT) Vv (95%CD (95%CT)
CDM vs. EHRs | 100 (99 to 100) | 95(93t097) | 95(92t097) | 100 (99 to 100)
CDMvs.1e- 1100 0910 100) | 95(93t097) | 95(921097) | 100 (99 to 100)
diagnosis
EHRs vs. 1e= 1100 (99 t0 100) | 100 (99 t0 100) | 100 (99 to 100) | 100 (99 to 100)
diagnosis

Table 3. Validation estimates of the pairwise comparison among patients with paper-based
medical records (n=380)

Validation estimates (%)

Comparisons S8 T S oot
ensitivity pecificity
PPV (95%CI NPV (95%CI
(©5%CD (95%CTI) (O5%CT) (95%CI)

CDM vs. EHRs | 100 (98 to 100) 90 (85 to 93) 88 (83 to 93) 100 (98 to 100)
CDM vs. paper-

based records 54 (47 to 61) 93 (86 to 97) 96 (92 to 98) 68 (62 to 73)

CDM vs. re-

VS TE 100 (98 o 100) | 90 (85t093) | 88(83t093) | 100 (98 to 100)
diagnosis

EHRs vs. paper-
based records

51 (44 to 58)

98 (94 to 100)

99 (96 to 100)

62 (56 to 68)

EHRSs vs. re-
diagnosis

100 (97 to 100)

100 (97 to 100)

100 (98 to 100)

100 (98 to 100)

Paper-based
records vs. re-
diagnosis

51 (44 to 58)

98 (94 to 100)

99 (96 to 100)

62 (56 to 68)

12
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DISCUSSION

The results of our study showed a high level of agreement in the validation estimates between the
standardized diagnostic code of type 2 diabetes mellitus in the NPED (from the first hospital)
and two references: the original ICD-9 coding of the EHRs and the physician re-assessment of
type 2 diabetes mellitus. The results also showed a high sensitivity and NPV vs. paper-based
records, but lower PPV and specificity compared with those vs. other references. Finally, the
study showed that using only the standardized diagnostic code is sufficient to identify patients

with type 2 diabetes mellitus or to identify type 2 diabetes mellitus as an outcome.

In our assessment of the validity of the standardized code of type diabetes mellitus in the CDM,
the minimum value of sensitivity (93% vs. paper-based records) was higher than the average
minimum value observed in the previous diabetes-case definition validation studies
(26.9%).29-21.23-25 On the other hand, the minimum value of specificity (62%) was lower
compared with the average minimum value observed in the published studies (88%).2021,23-25
The minimum values of PPV and NPV were almost comparable with the average minimum
values that were observed in the published studies (51% vs. 54%, and 95% vs. 90.8%;

respectively).20-21.23-25 Two of the references in our study (EHRs and re-diagnosis) were used as

13
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references in the previous diabetes-case validation studies.?%-21-23-25 [n 44.4% (8 of 18) of the
published diabetes-case definition validation studies, the original EHRs were used as a reference
(the other references were the physician re-diagnosis, self-reported or telephone surveys, and a
multisource approach).?02123.24 Type 2 diabetes mellitus was confirmed in 100% of the cases in
our study, which is almost comparable to the confirmation results in a previous study in which
the re-diagnosis was used as a reference.> Observing the high levels of sensitivity and PPV in
our study meant that using only the diagnostic code of diabetes would be sufficient to identify
patients with type 2 diabetes mellitus as cohorts or to identify diabetes as an outcome in the

standardized EHRs that were imported from the first hospital.

Our study was the first diabetes-case definition validation study (and the first validation study for

a diagnostic code) in the region. Three gold standards were used in our study, and validity was

assessed at different three levels (code extraction, code standardization, and the original diagnosis

of diabetes). Our study has two limitations. Firstly, the study was a single-center study. The

generalizability may improve by conducting a multi-center study that takes the variability of

hospital coding systems into account. Secondly, ICD-9 was used to code type 2 diabetes mellitus

at the hospital during the study period; however, the hospital (and other hospitals) started

upgrading their coding system to ICD-10. Including the same hospital in a future single or multi-

14
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center with an updated sample of ICD-10 coded type2 diabetes mellitus would help in adding more

emphasis to the study findings.

The results of our study substantiate the validity of coding, extracting, and standardizing type 2

diabetes mellitus in the Saudi National Pharmacoepidemiologic Database. The results also assured

the process of diagnosing type 2 diabetes mellitus and the use of the standardized code to identify

patients with type 2 diabetes mellitus or ascertain type 2 diabetes mellitus as an outcome in the

NPED. A future multi-center that includes an updated sample from the hospital with ICD-10 coded

type 2 diabetes mellitus would help in adding more emphasis to the study findings.

15
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STARD 2015

AIM

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the
completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative
study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts
submitted for publication.

EXPLANATION

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as having
a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition in the
future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, a
combination of these, or any other method for collecting information about the current health status of a patient.

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests.
Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the index
test results with those of the reference standard. The reference standard is the best available method for establishing the
presence or absence of the target condition. An accuracy study can rely on one or more reference standards.

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the
reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target
condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative
index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy
statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around
estimates of accuracy can then be calculated to quantify the statistical precision of the measurements.

If the index test results can take more than two values, categorization of test results as positive or negative requires a test
positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC)
curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The
area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The
clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example,
replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical
tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was
not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.

DEVELOPMENT

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists,
researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would
help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of
conclusions and recommendations. The list represents an update of the first version, which was published in 2003.

More information can be found on http://www.equator-network.org/reporting-guidelines/stard.
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Abstract

Introduction: The validity of disease diagnostic codes has not been assessed in Saudi Arabia.

This study was conducted to assess the validity of recording (and the original diagnostic practice)

of type 2 diabetes mellitus at a hospital whose records were integrated to a centralized database

(the standardized common data model [CDM] of the Saudi National Pharmacoepidemiologic

Database [NPED]).

Research design and methods: A random sample of patients with type 2 diabetes mellitus (>18 years
old and with a code of type 2 diabetes mellitus) was extracted from the CDM (only the records of one
tertiary care hospital were integrated at the time of the study) between 01 January 2013 and 01 July 2018
and matched with a control group (patients without diabetes) based on age and sex. The standardized
coding of type 2 diabetes in the CDM was validated by comparing the presence of diabetes in the CDM
vs. the original electronic records at the hospital, the recording in paper-based medical records, and the
physician re-assessment of diabetes in the included cases and controls; respectively. Sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV) values were estimated

for each pairwise comparison using RStudio 1.4.1103.

Results: A total of 437 random sample of patients with type 2 diabetes mellitus was identified

and matched with 437 controls. Only 190 of 437 (43.0 %) had paper-based medical records. All

estimates were above 90% except for sensitivity and specificity of CDM vs. paper-based records

(54%; 95% confidence interval [CI] 47 to 61%, and 68%; 95%CI 62 to 73%; respectively).

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

y6uAdoo Aq paloalold 1senb Aq 120z ‘9T udy uo /wod" g uadolwg//:dny woij papeojumoq €202 Yd4elN TZ U0 891590-220z-uadolwag/oeTT 0T st paysiignd isuy :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Conclusions: This study provided an assessment to the extent of which only type 2 diabetes

mellitus code can be used to identify patients with this disease at Saudi centralized database. A

future multi-center study would help adding more emphasis to the study findings.
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Strengths and limitations

We examined the validity of using only the code of type 2 diabetes mellitus in cohort and

outcome identification vs. three reference standards in the standardized EHRs of a single

hospital

We furtherly examined the validity of two additional algorithms to identify type 2
diabetes in cohort and outcome identification in the original EHRs of the hospital
To our knowledge, our study was the first of its kind in the region

Our study was limited by including only one center

Not including all type-2-diabetes-mellitus-related diagnostic codes was another limitation
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INTRODUCTION

Data collected electronically from the provision of routine clinical care (i.e. real-world data
[RWD]) have been used to generate evidence (Real-world evidence [RWE]) on benefits, risks,
and the utilization of pharmaceuticals. 119 In Saudi Arabia, the electronic recording of health
data in hospital settings has increased at the major tertiary hospitals during the last decade. '!-14
In 2018, the Saudi Food and Drug Authority (SFDA) established the National
Pharmacoepidemiologic Database (NPED) to integrate and standardize electronic health records
(EHRs) from different hospitals in Saudi Arabia.!! The NPED was initiated to maximize the
utilization of RWE in supporting drug regulatory decision-making processes.!! The NPED will
also be utilized in determining disease natural histories and trends in Saudi Arabia.'! A
standardization was performed for the EHRs that were imported from the first hospital using the
Observational Health Data Sciences and Informatics (OHDSI) Common Data Model (CDM).!!
The standardization process was followed by an initial data quality assessment (no alarming
concerns were identified). However, this quality assessment did not include assessing the validity
of the recorded data.!! Additionally, and up to our knowledge, no study has been published to
assess the validity of the health recording practice at any of the Saudi hospitals (especially those

of disease diagnostic codes).

The validity of RWD is integral in conducting pharmacoepidemiologic research
studies.®!>16 Conducting validation studies in the Saudi health care system would assist not only
in improving the quality of the generated RWE but also in supporting stakeholders in

implementing their quality improvement initiatives. Validating the diagnostic codes of diabetes
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(especially type 2 diabetes mellitus) is a priority given its high prevalence in Saudi Arabia (up to
25% of the Saudi population was estimated to have diabetes with an increased prevalence of
51% among the 70 to 79 year-old population), and given the lack of well-designed and large-
scale pharmacoepidemiologic studies in the Saudi population with diabetes.!’-1? Studies have
shown that the validity of recording diabetes mellitus in the context of RWD has been assessed
in different health records using different types of data sources (e.g. physician claims, hospital
discharge data, electronic health records), with different reference standards (mostly medical
records, self-reported or telephone surveys), and different case definitions (e.g. using one
diagnostic code or one claim for diabetes mellitus [and/or another indicator of diabetes mellitus

such as high glucose levels], two or more codes/claims). 20-24

This study was conducted to assess the validity of the original, the extracted, and the
standardized diagnostic codes of type 2 diabetes mellitus of the EHRs that were imported from
the first hospital to the NPED. The validity of the original diagnosis of type 2 diabetes mellitus at
that hospital was also assessed. Finally, the study was aimed at assessing whether the diagnostic
code of type 2 diabetes can be used to identify patients with type 2 diabetes (or diabetes as an

outcome) in the standardized EHRs of that hospital.
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RESEARCH DESIGN AND METHODS

Study design, data source, and patient population

This study was a retrospective single-center validation study. The study was carried out using the

EHRs that were imported and mapped from a 129-bed private tertiary care hospital in Riyadh

(the imported EHRs included a record of at least 500,000 patients) to the NPED. A sample of

patients with type 2 diabetes mellitus (one code of type 2 diabetes mellitus), who visited the

hospital in the period between 01 January 2013 and 01 July 2018, was randomly selected from

the standardized EHRs of the hospital (i.e. CDM), then (using the standardized EHRs)a control

group (patients without type 2 diabetes mellitus) was randomly matched based on age and sex

(a control group was included for the estimation of specificities and negative predictive values).

The included participants were required to be >18 years and have at least one health record.

Validation methods

The standardized diagnostic code of diabetes in the CDM was validated using a 3-step validation

approach (Figure 1). The first validation step was aimed at confirming the presence (in the

included cases) and the absence (in the included controls) of type 2 diabetes in the sample that

was extracted from the CDM by reviewing the patients’ original EHRs at the hospital (the first

reference). Diseases were coded during the study period at the hospital using the International
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Statistical Classification of Diseases and Related Health Problems 9™ Revision (ICD-9) code
(ICD-9 code of type 2 diabetes mellitus: 250.00). This validation step will help in assessing the
accuracy of the CDM standardization process at the NPED, the completeness of the EHR
extraction process, and the validity of the original coding ICD coding of type 2 diabetes mellitus

at the hospital.

The second validation assessment was performed using a different reference: the patients’ paper-
based medical records (Figure 1). This validation step also included a comparison between the
original EHRs (the first reference) vs. paper-based medical records (the second reference) as an
additional step to validate the former standard. The final validation step, which was also a step to
validate the original diagnosis of type 2 diabetes mellitus at the hospital, all study patients (both
cases and controls) were re-assessed for the presence of type 2 diabetes by one of the study
physicians (the third reference) based on the hospital criteria which are adopted from the
American Diabetes Association (AD) classification and diagnosis of diabetes (Table 1).25 The
physician was allowed to use all resources at the hospital that are necessary to complete the
diagnosis. The code of patients with type 2 diabetes in the standardized CDM was compared to
the third reference. The findings from the assessment of the third reference were also compared
with those of the first (original EHRs) and the second (paper-based medical records) references

as an additional validation step of the latter two standards (Figure 1). An additional step to
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confirm the diagnosis of type 2 diabetes mellitus in the original EHRs was performed using two

algorithms:

- First algorithm: type 2 diabetes code + a prescription of an anti-diabetic medication

- Second algorithm: type 2 diabetes code + a prescription of an anti-diabetic medication +

a blood measurement reflective of diabetes

The degree to which the results of these assessment agree with the code-only analysis will also

provide more information on whether only the code can be used to identify this population in

both the CDM and EHRs.

Sensitivity, specificity, the positive predictive value (PPV), and the negative predictive value

(NPV) were the targeted estimates in this study. The values of these validation estimates might

give an indication of the extent to which only the diagnostic code of type 2 diabetes mellitus can

be used to identify type 2 diabetes mellitus as an outcome in the CDM.

Table 1. Criteria for diagnosing type 2 diabetes mellitus

e FPG=>126 mg/dL (7.0 mmol/L)

e 2-h PG=>200 mg/dL (11.1 mmol/L) during an OGTT

e Hemoglobin Alc (HbAlc) => 6.5% (48 mmol/mol).

e Symptoms of hyperglycemia or hyperglycemic crisis
(polyuria, polydipsia, and unexplained weight loss), AND a
random plasma glucose => 200 mg/dL (11.1 mmol/L).

e On therapy for Diabetes mellitus (Anti-diabetic medications)
and previous diagnosis of Diabetes Mellitus in medical
records.
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* In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat
testing on a different day

These algorithms were chosen based on clinical judgment and based on other previously

published algorithms.?%-?!

Statistical analysis

The validation metrics were estimated for each pairwise comparison (Figure 1) with their
corresponding 95% confidence intervals (Cls). To demonstrate a sensitivity of 85% and an
expected width of 95%CI of 10% (taking into account the 25% prevalence of type 2 diabetes
mellitus in Saudi Arabia), a minimum sample size of 196 patients (98 cases and 98 controls) was
needed.!”-1826 The minimum total sample sizes for validating the first and second algorithms in
the original EHRs were 138 and 73; respectively. All statistical analyses were performed using

RStudio Version 1.4.1103.

Patient and public involvement

No patients or public involved.

10
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RESULTS

Figure 1 shows a description of the number of patients who were included in each pairwise

comparison. A total of 437 random patients with type 2 diabetes mellitus (427 [98.0%] were on

anti-diabetics and/or had HbA 1¢ measurement of >6.5%) were identified and were matched with

437 controls. Almost one- third of the cases were identified before 2016 (141 of 437 [32.3%)]).

Of the totally matched pairs, only 190 (43.0 %) had paper-based medical records. The median

age of the included patients (both the cases and controls) was 56 years (interquartile range=21),

and 522 of the included patients (60.0 %) were male. Type 2 diabetes mellitus (among the cases)

was diagnosed between 2007 and 2018. The majority of the cases (83.6%) had abnormal HbAlc

levels at the time of (or within 6 months) the index date (the date of diagnosing type 2 diabetes

mellitus).

The estimates of validating the standardized code of type 2 diabetes mellitus in the CDM vs. two

references (EHRs and the re-diagnosis) were all above 90% (Table 2). The validation estimates

for EHRs vs. re-diagnosis were also above 90%. The PPV and specificity for CDM vs. paper-

based documentation were 46% and 32% lower compared with those vs. EHRs and re-diagnosis

(Table2). Of 190 cases that were included in the validation assessment with the paper-based

documentation as a reference, 87 (46%) did not have any records for type 2 diabetes mellitus in

11
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their medical charts. Type 2 diabetes mellitus among these 87 was mostly diagnosed after 2013

(the year of the large-scale utilization of EHRs at the hospital), and only 8 patients were

diagnosed with diabetes before 2013. This may justify the absence of diabetes recording in their

paper-based medical charts. The results of the validation assessment of the first and second

algorithms in the EHRs were comparable with that of the type 2 diabetes mellitus code-only

analysis (Table 3).

Table 2. Validation estimates of the pairwise comparisons among all study patients

Validation estimates (%)

Comparisons
PPV (95%CI) Sn (95%CI) | NPV (95%CI) Sp (95%CI)
CDM vs. EHRs
100099, o3 (0.90, 0.95) | 0.92 (0.89, 0.95) | 1.00 (0.99, 1.00)
(n=874) 1.00)
CDM vs. paper- 0.54 (0.47,
based records 0.61) 0.93 (0.86, 0.97) | 0.96 (0.92, 0.98) | 0.68 (0.62, 0.73)
CDM vs. re-
- - 1.00 (0.
diagnosis (100(00)99’ 0.93 (0.90, 0.95) | 0.92 (0.89, 0.95) | 1.00 (0.99, 1.00)
(n=874)
EHRSs vs. re-
diagnosis 1.00 (0.99, 1.00) | 1.00 (0.99, 1.00) | 1.00 (0.99, 1.00) | 1.00 (0.99, 1.00)
(n=806%*)
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EHRSs vs. paper- D)
based records | 0.53 (0.45, 0.61) 0'9180((?'9 ’ 0'9190((?'96’ 0.68 (0.62, 0.74)
(n=336*) 00) 00)

*Controls in the CDM that were identified as cases in EHRs were excluded from this analysis

with their corresponding cases

Table 3. Validation estimates of the assessed algorithms

Comparisons

Validation estimates (%)

PPV (95%CI)

Sn (95%CT)

NPV (95%CI)

Sp (95%CI)

EHRSs vs. re-
diagnosis

(n=784)

Code and anti-
diabetic(s) (1%
algorithm)

0.97 (0.95, 0.98)

1.00 (0.99, 1.00)

1.00 (0.99,
1.00)

0.97 (0.95,
0.98)

EHRs vs. re-
diagnosis

(n=598)

Code and anti-
diabetic(s) and
HbA1¢>6.5%
(24 algorithm)

1.00 (0.99, 1.00)

1.00 (0.99, 1.00)

1.00 (0.98,
1.00)

1.00 (0.98,
1.00)
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DISCUSSION

This study assessed an approach to the population of type 2 diabetes mellitus using the disease-
only code in standardized EHRs of a Saudi hospital. With the exception of the assessment vs.
paper-based records, all validation estimates of the standardized and the original codes of type 2
diabetes mellitus were above 90% (the estimates of the algorithms were almost comparable with
these estimates). These findings might be supportive of using only the standardized diagnostic

code to identify type 2 diabetes mellitus as an outcome in these records.

In our assessment of the validity of the standardized code of type diabetes mellitus in the CDM,
the minimum value of sensitivity (93% vs. paper-based records) was higher than the average
minimum value observed in the previous diabetes-case definition validation studies
(26.9%).29-21.23-25 On the other hand, the minimum value of specificity (68%) was lower
compared with the average minimum value observed in the published studies (88%).20-* The
minimum values of PPV and NPV were almost comparable with the average minimum values
that were observed in the published studies (54% vs. 54%, and 92% vs. 90.8%; respectively).20-24
Two of the references in our study (EHRs and re-diagnosis) were used as references in the
previous diabetes-case validation studies. 2024 In 44.4% (8 of 18) of the published diabetes-case
definition validation studies, the original EHRs were used as a reference (the other references

14

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

y6uAdoo Aq paloalold 1senb Aq 120z ‘9T udy uo /wod" g uadolwg//:dny woij papeojumoq €202 Yd4elN TZ U0 891590-220z-uadolwag/oeTT 0T st paysiignd isuy :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

were the physician re-diagnosis, self-reported or telephone surveys, and a multisource
approach).20-21.22.23 Type 2 diabetes mellitus was confirmed in 100% of the cases in our study,
which is almost comparable to the confirmation results in a previous study in which the re-
diagnosis was used as a reference.?* The value of validation estimates in our study might be
supportive of using only the diagnostic code to identify patients with type 2 diabetes mellitus as
cohorts or to identify diabetes as an outcome in the standardized EHRs that were imported from

the first hospital.

Our study was the first diabetes-case definition validation study (and the first validation study for

a diagnostic code) in the region. Three reference standards were used in our study, and validity

was assessed at different three levels (code extraction, code standardization, and the original

diagnosis of diabetes) and was compared to those of algorithms. Our study has two limitations.

Firstly, the study was a single-center study. The generalizability may improve by conducting a

multi-center study that takes the variability of hospital coding systems into account. Secondly,

ICD-9 was used to code type 2 diabetes mellitus at the hospital during the study period; however,

the hospital (and other hospitals) started upgrading their coding system to ICD-10. Additionally,

we did not include other type-2-diabetes-related ICD-9 codes (codes for uncontrolled diabetes and

diabetic complications) in our assessment. Including the same hospital in a future single or multi-

15
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center with an updated sample of ICD-10 codes of type 2 diabetes mellitus and/or its complications

would help in adding more emphasis to the study findings.

The validity of the (standardized) diagnostic code of type 2 diabetes mellitus at different levels

and provided an indication to the extent to which this code can be used to identity this disease as

an outcome. A future multi-center study that includes an updated sample from the hospital with

ICD-10 codes of type 2 diabetes mellitus and/or its complications would help in adding more

emphasis to the study findings.
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AIM

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the
completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative
study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts
submitted for publication.

EXPLANATION

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as having
a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition in the
future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, a
combination of these, or any other method for collecting information about the current health status of a patient.

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests.
Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the index
test results with those of the reference standard. The reference standard is the best available method for establishing the
presence or absence of the target condition. An accuracy study can rely on one or more reference standards.

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the
reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target
condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative
index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy
statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around
estimates of accuracy can then be calculated to quantify the statistical precision of the measurements.

If the index test results can take more than two values, categorization of test results as positive or negative requires a test
positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC)
curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The
area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The
clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example,
replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical
tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was
not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.

DEVELOPMENT

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists,
researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would
help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of
conclusions and recommendations. The list represents an update of the first version, which was published in 2003.

More information can be found on http://www.equator-network.org/reporting-guidelines/stard.
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Abstract

Objectives: This study was conducted to assess the validity of recording (and the original

diagnostic practice) of type 2 diabetes mellitus at a hospital whose records were integrated to a

centralized database (the standardized common data model [CDM] of the Saudi National

Pharmacoepidemiologic Database [NPED]).

Design: A retrospective single-center validation study

Settings: Data of the study participants were extracted from the CDM of the NPED (only

records of one tertiary care hospital were integrated at the time of the study) between 01 January

2013 and 01 July 2018.

Participants: A random sample of patients with type 2 diabetes mellitus (>18 years old and with

a code of type 2 diabetes mellitus) matched with a control group (patients without diabetes)

based on age and sex.

Outcome measures: The standardized coding of type 2 diabetes in the CDM was validated by

comparing the presence of diabetes in the CDM vs. the original electronic records at the hospital,

the recording in paper-based medical records, and the physician re-assessment of diabetes in the

included cases and controls; respectively. Sensitivity, specificity, positive predictive value

(PPV), and negative predictive value (NPV) values were estimated for each pairwise comparison

using RStudio 1.4.1103.
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Results: A total of 437 random sample of patients with type 2 diabetes mellitus was identified

and matched with 437 controls. Only 190 of 437 (43.0 %) had paper-based medical records. All

estimates were above 90% except for sensitivity and specificity of CDM vs. paper-based records

(54%; 95% confidence interval [CI] 47 to 61%, and 68%; 95%CI 62 to 73%; respectively).

Conclusions: This study provided an assessment to the extent of which only type 2 diabetes

mellitus code can be used to identify patients with this disease at a Saudi centralized database. A

future multi-center study would help adding more emphasis to the study findings.
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Strengths and limitations

We examined the validity of using only the code of type 2 diabetes mellitus in cohort and

outcome identification vs. three reference standards in the standardized EHRs of a single

hospital

We furtherly examined the validity of two additional algorithms to identify type 2
diabetes in cohort and outcome identification in the original EHRs of the hospital
To our knowledge, our study was the first of its kind in the region

Our study was limited by including only one center

Not including all type-2-diabetes-mellitus-related diagnostic codes was another limitation
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INTRODUCTION

Data collected electronically from the provision of routine clinical care (i.e. real-world data
[RWD]) have been used to generate evidence (Real-world evidence [RWE]) on benefits, risks,
and the utilization of pharmaceuticals. 119 In Saudi Arabia, the electronic recording of health
data in hospital settings has increased at the major tertiary hospitals during the last decade. '!-14
In 2018, the Saudi Food and Drug Authority (SFDA) established the National
Pharmacoepidemiologic Database (NPED) to integrate and standardize electronic health records
(EHRs) from different hospitals in Saudi Arabia.!! The NPED was initiated to maximize the
utilization of RWE in supporting drug regulatory decision-making processes.!! The NPED will
also be utilized in determining disease natural histories and trends in Saudi Arabia.'! A
standardization was performed for the EHRs that were imported from the first hospital using the
Observational Health Data Sciences and Informatics (OHDSI) Common Data Model (CDM).!!
The standardization process was followed by an initial data quality assessment (no alarming
concerns were identified). However, this quality assessment did not include assessing the validity
of the recorded data.!! Additionally, and up to our knowledge, no study has been published to
assess the validity of the health recording practice at any of the Saudi hospitals (especially those

of disease diagnostic codes).

The validity of RWD is integral in conducting pharmacoepidemiologic research studies.®!5:16
Conducting validation studies in the Saudi health care system would assist not only in improving
the quality of the generated RWE but also in supporting stakeholders in implementing their

quality improvement initiatives. Validating the diagnostic codes of diabetes (especially type 2
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diabetes mellitus) is a priority given its high prevalence in Saudi Arabia (up to 25% of the Saudi
population was estimated to have diabetes with an increased prevalence of 51% among the 70 to
79 year-old population), and given the lack of well-designed and large-scale
pharmacoepidemiologic studies in the Saudi population with diabetes.!’-!° Studies have shown
that the validity of recording diabetes mellitus in the context of RWD has been assessed in
different health records using different types of data sources (e.g. physician claims, hospital
discharge data, electronic health records), with different reference standards (mostly medical
records, self-reported or telephone surveys), and different case definitions (e.g. using one
diagnostic code or one claim for diabetes mellitus [and/or another indicator of diabetes mellitus

such as high glucose levels], two or more codes/claims). 20-24

This study was conducted to assess the validity of the original, the extracted, and the
standardized diagnostic codes of type 2 diabetes mellitus of the EHRs that were imported from
the first hospital to the NPED. The validity of the original diagnosis of type 2 diabetes mellitus at
that hospital was also assessed. Finally, the study was aimed to assess whether the diagnostic
code of type 2 diabetes can be used to identify patients with type 2 diabetes (or diabetes as an

outcome) in the standardized EHRs of that hospital.
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METHODS

Study design, data source, and patient population

This study was a retrospective single-center validation study. The study was carried out using the

EHRs that were imported and mapped from a 129-bed private tertiary care hospital in Riyadh

(the imported EHRs included a record of at least 500,000 patients) to the NPED. A sample of

patients with type 2 diabetes mellitus (one code of type 2 diabetes mellitus), who visited the

hospital in the period between 01 January 2013 and 01 July 2018, was randomly selected from

the standardized EHRs of the hospital (i.e. CDM), then (using the standardized EHRs)a control

group (patients without type 2 diabetes mellitus) was randomly matched based on age and sex

(a control group was included for the estimation of specificities and negative predictive values).

The included participants were required to be >18 years and have at least one health record.

Validation methods

The standardized diagnostic code of diabetes in the CDM was validated using a 3-step validation

approach. The first validation step was aimed to confirm the presence (in the included cases) and

the absence (in the included controls) of type 2 diabetes in the sample that was extracted from

the CDM by reviewing the patients’ original EHRs at the hospital (the first reference). Diseases

were coded during the study period at the hospital using the International Statistical
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Classification of Diseases and Related Health Problems 9t Revision (ICD-9) code (ICD-9 code
of type 2 diabetes mellitus: 250.00). This validation step will help in assessing the accuracy of
the CDM standardization process at the NPED, the completeness of the EHR extraction process,

and the validity of the original coding ICD coding of type 2 diabetes mellitus at the hospital.

The second validation assessment was performed using a different reference: the patients’ paper-
based medical records. This validation step also included a comparison between the original
EHRs (the first reference) vs. paper-based medical records (the second reference) as an
additional step to validate the former reference. In the final validation step, which was also a step
to validate the original diagnosis of type 2 diabetes mellitus at the hospital, all study patients
(both cases and controls) were re-assessed for the presence of type 2 diabetes by one of the study
physicians (the third reference) based on the hospital criteria which are adopted from the
American Diabetes Association (AD) classification and diagnosis of diabetes (Table 1).25 The
physician was allowed to use all resources at the hospital that are necessary to complete the
diagnosis. The code of patients with type 2 diabetes in the standardized CDM was compared to
the third reference. The findings from the assessment of the third reference were also compared
with those of the first (original EHRs) and the second (paper-based medical records) references
as an additional validation step of the latter two references. An additional step to confirm the

diagnosis of type 2 diabetes mellitus in the original EHRs was performed using two algorithms:
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- First algorithm: type 2 diabetes code + a prescription of an anti-diabetic medication

- Second algorithm: type 2 diabetes code + a prescription of an anti-diabetic medication +

a blood measurement reflective of diabetes

These algorithms were chosen based on clinical judgment and based on other previously

published algorithms.?0-?!

The degree to which the results of the algorithm assessments agree with the code-only analysis
will also provide more information on whether only the code can be used to identify this
population in both the CDM and EHRs. Sensitivity, specificity, the positive predictive value
(PPV), and the negative predictive value (NPV) were the targeted parameters in this study. The
values of these validation estimates might give an indication of the extent to which only the
diagnostic code of type 2 diabetes mellitus can be used to identify type 2 diabetes mellitus as an

outcome in the CDM.
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e FPG=>126 mg/dL (7.0 mmol/L)

Table 1. Criteria for
diagnosing type 2
e Hemoglobin Alc (HbAlc) => 6.5% (48 mmol/mol). diabetes mellitus

e 2-h PG=>200 mg/dL (11.1 mmol/L) during an OGTT

e Symptoms of hyperglycemia or hyperglycemic crisis
(polyuria, polydipsia, and unexplained weight loss), AND a
random plasma glucose => 200 mg/dL (11.1 mmol/L).

e On therapy for Diabetes mellitus (Anti-diabetic medications)
and previous diagnosis of Diabetes Mellitus in medical
records.

* In the absence of unequivocal hyperglycemia, these criteria should be confirmed by repeat
testing on a different day

Statistical analysis

The validation parameters were estimated for each pairwise comparison with their corresponding
95% confidence intervals (CIs). To demonstrate a sensitivity of 85% and an expected width of
95%CI of 10% (taking into account the 25% prevalence of type 2 diabetes mellitus in Saudi
Arabia), a minimum sample size of 196 patients (98 cases and 98 controls) was needed.!”-18.26

The minimum total sample sizes for validating the first and second algorithms in the original

10
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EHRs were 138 and 73; respectively. All statistical analyses were performed using RStudio

Version 1.4.1103.

Patient and public involvement

Patients and the public were not involved in the design, conduct or reporting/dissemination of

this study.

RESULTS

Table 2 shows the number of patients who were included in each pairwise comparison. A total of

437 random patients with type 2 diabetes mellitus (427 [98.0%] were on anti-diabetics and/or

had HbA 1c measurement of >6.5%) were identified and were matched with 437 controls. Almost

one- third of the cases were identified before 2016 (141 of 437 [32.3%]). Of the totally matched

pairs, only 190 (43.0 %) had paper-based medical records. The median age of the included

patients (both the cases and controls) was 56 years (interquartile range=21), and 522 of the

included patients (60.0 %) were male. Type 2 diabetes mellitus (among the cases) was

diagnosed between 2007 and 2018. The majority of the cases (83.6%) had abnormal HbAlc

levels at the time of (or within 6 months) the index date (the date of diagnosing type 2 diabetes

mellitus).

11
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The estimates of validating the standardized code of type 2 diabetes mellitus in the CDM vs. two

references (EHRs and the re-diagnosis) were all above 90% (Table 2). The validation estimates

for EHRs vs. re-diagnosis were also above 90%. The PPV and specificity for CDM vs. paper-

based documentation were 46% and 32% lower compared with those vs. EHRs and re-diagnosis

(Table 2). Of 190 cases that were included in the validation assessment with the paper-based

documentation as a reference, 87 (46%) did not have any records for type 2 diabetes mellitus in

their medical charts. Type 2 diabetes mellitus among these 87 was mostly diagnosed after 2013

(the year of the large-scale utilization of EHRs at the hospital), and only 8 patients were

diagnosed with diabetes before 2013. This may justify the absence of diabetes recording in their

paper-based medical charts. The results of the validation assessment of the first and second

algorithms in the EHRs were comparable with that of the type 2 diabetes mellitus code-only

analysis (Table 3).

Table 2. Validation estimates of the pairwise comparisons among all study patients

Validation estimates (%)
Comparisons
PPV (95%CI) Sn (95%CI) NPV (95%CI) Sp (95%CI)
CDM vs. EHRs
1. .
(100((? e 0.93 (0.90, 0.95) | 0.92(0.89,0.95) | 1.00 (0.99, 1.00)
(n=874) 00)

12
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CDM vs. paper- 0.54 (0.47,
0.93 (0.86, 0.97) | 0.96 (0.92, 0.98) | 0.68 (0.62, 0.73
based records 0.61) (0.86, ) 0.92, ) .62, )
CDM vs. re-
: : 1.00 (0.99
diagnosis | 0(0) 1 0.93(0.90, 0.95) | 0.92 (0.89, 0.95) | 1.00 (0.99, 1.00)
(n=874)
EHRs vs. re-
diagnosis 1.00 (0.99, 1.00) | 1.00 (0.99, 1.00) | 1.00 (0.99, 1.00) | 1.00 (0.99, 1.00)
(n=806*)

EHRs vs. paper-
based records
(n=336%)

0.53 (0.45, 0.61)

0.98 (0.92,
1.00)

0.99 (0.96,
1.00)

0.68 (0.62, 0.74)

*Controls in the CDM that were identified as cases in EHRs were excluded from this analysis

with their corresponding cases

Table 3. Validation estimates of the assessed algorithms

Validation estimates (%)

Comparisons
PPV (95%CI) Sn (95%CI) NPV (95%CI) | Sp (95%CI)
EHRs vs. re-
diagnosis
(n=784) 1.00 (0.99, 0.97 (0.95,
. . . 1. 99, 1.
| 0.97 (0.95, 0.98) 00 (0.99, 1.00) 1.00) 0.98)
Code and anti-
diabetic(s) (1%
algorithm)
EHRSs vs. re-
diagnosis 1 1 | ) 1.00 (0.98, 1.00 (0.98,
.00 (0.99, 1.00) .00 (0.99, 1.00) 1.00) 1.00)
(n=598)
13
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I DISCUSSION

This study assessed an approach to the population of type 2 diabetes mellitus using the disease-
20 only code in standardized EHRs of a Saudi hospital. With the exception of the assessment vs.

23 paper-based records, all validation estimates of the standardized and the original codes of type 2
26 diabetes mellitus were above 90% (the estimates of the algorithms were almost comparable with
29 these estimates). These findings might be supportive of using only the standardized diagnostic

32 code to identify type 2 diabetes mellitus as an outcome in these records.

39 In our assessment of the validity of the standardized code of type diabetes mellitus in the CDM,
42 the minimum value of sensitivity (93% vs. paper-based records) was higher than the average

45 minimum value observed in the previous diabetes-case definition validation studies

48 (26.9%).29-21.23-25 On the other hand, the minimum value of specificity (68%) was lower

51 compared with the average minimum value observed in the published studies (88%).29-2* The

minimum values of PPV and NPV were almost comparable with the average minimum values

58 14
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that were observed in the published studies (54% vs. 54%, and 92% vs. 90.8%; respectively).0-24
Two of the references in our study (EHRs and re-diagnosis) were used as references in the
previous diabetes-case validation studies. 2024 In 44.4% (8 of 18) of the published diabetes-case
definition validation studies, the original EHRs were used as a reference (the other references
were the physician re-diagnosis, self-reported or telephone surveys, and a multisource
approach).20-21.22.23 Type 2 diabetes mellitus was confirmed in 100% of the cases in our study,
which is almost comparable to the confirmation results in a previous study in which the re-
diagnosis was used as a reference.?* The value of validation estimates in our study might be
supportive of using only the diagnostic code to identify patients with type 2 diabetes mellitus as
cohorts or to identify diabetes as an outcome in the standardized EHRs that were imported from

the first hospital.

Our study was the first diabetes-case definition validation study (and the first validation study for

a diagnostic code) in the region. Three reference standards were used in our study, and validity

was assessed at different three levels (code extraction, code standardization, and the original

diagnosis of diabetes) and was compared to those of algorithms. Our study has two limitations.

Firstly, the study was a single-center study. The generalizability may improve by conducting a

multi-center study that takes the variability of hospital coding systems into account. Secondly,
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ICD-9 was used to code type 2 diabetes mellitus at the hospital during the study period; however,

the hospital (and other hospitals) started upgrading their coding system to ICD-10. Additionally,

we did not include other type-2-diabetes-related ICD-9 codes (codes for uncontrolled diabetes and

diabetic complications) in our assessment. Including the same hospital in a future single or multi-

center with an updated sample of ICD-10 codes of type 2 diabetes mellitus and/or its complications

would help in adding more emphasis to the study findings.

We assessed the validity of the (standardized) diagnostic code of type 2 diabetes mellitus at

different recording levels and provided an indication to the extent to which this code can be used

to identity this disease as an outcome. A future multi-center study that includes an updated sample

from the hospital with ICD-10 codes of type 2 diabetes mellitus and/or its complications would

help in adding more emphasis to the study findings.
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TITLE OR ABSTRACT
1 Identification as a study of diagnostic accuracy using at least one measure of accuracy 1
(such as sensitivity, specificity, predictive values, or AUC)
ABSTRACT
2 Structured summary of study design, methods, results, and conclusions 2
(for specific guidance, see STARD for Abstracts)
INTRODUCTION
3 Scientific and clinical background, including the intended use and clinical role of the index test : 5,6
Study objectives and hypotheses 5,6
METHODS
Study design 5 Whether data collection was planned before the index test and reference standard 7
were performed (prospective study) or after (retrospective study)
Participants 6 Eligibility criteria
On what basis potentially eligible participants were identified
(such as symptoms, results from previous tests, inclusion in registry)
8 Where and when potentially eligible participants were identified (setting, location and dates) 7
9 Whether participants formed a consecutive, random or convenience series 7
Test methods 10a : Index test, in sufficient detail to allow replication 7-10
10b : Reference standard, in sufficient detail to allow replication 7-10
11 : Rationale for choosing the reference standard (if alternatives exist) 7-10
12a : Definition of and rationale for test positivity cut-offs or result categories 7-10
of the index test, distinguishing pre-specified from exploratory
12b : Definition of and rationale for test positivity cut-offs or result categories 7-10
of the reference standard, distinguishing pre-specified from exploratory
13a | Whether clinical information and reference standard results were available 7-10
to the performers/readers of the index test
13b : Whether clinical information and index test results were available 7-10
to the assessors of the reference standard
Analysis 14 : Methods for estimating or comparing measures of diagnostic accuracy 10
15 | How indeterminate index test or reference standard results were handled 7- 10
16 : How missing data on the index test and reference standard were handled N/A
17 : Any analyses of variability in diagnostic accuracy, distinguishing pre-specified from exploratory i N/A
18 : Intended sample size and how it was determined 10
RESULTS
Participants 19 : Flow of participants, using a diagram N/A
20 : Baseline demographic and clinical characteristics of participants 11
21a | Distribution of severity of disease in those with the target condition 11
21b @ Distribution of alternative diagnoses in those without the target condition 11
22 | Time interval and any clinical interventions between index test and reference standard 11
Test results 23 : Cross tabulation of the index test results (or their distribution) 11-13
by the results of the reference standard
24 : Estimates of diagnostic accuracy and their precision (such as 95% confidence intervals) 11-13
25 : Any adverse events from performing the index test or the reference standard -
DISCUSSION
26 : Study limitations, including sources of potential bias, statistical uncertainty, and 13-15
generalisability
27 | Implications for practice, including the intended use and clinical role of the index test 13-15
OTHER
INFORMATION
28 | Registration number and name of registry -
29 | Where the full study protocol can be accessed -
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STARD 2015

AIM

STARD stands for “Standards for Reporting Diagnostic accuracy studies”. This list of items was developed to contribute to the
completeness and transparency of reporting of diagnostic accuracy studies. Authors can use the list to write informative
study reports. Editors and peer-reviewers can use it to evaluate whether the information has been included in manuscripts
submitted for publication.

EXPLANATION

A diagnostic accuracy study evaluates the ability of one or more medical tests to correctly classify study participants as having
a target condition. This can be a disease, a disease stage, response or benefit from therapy, or an event or condition in the
future. A medical test can be an imaging procedure, a laboratory test, elements from history and physical examination, a
combination of these, or any other method for collecting information about the current health status of a patient.

The test whose accuracy is evaluated is called index test. A study can evaluate the accuracy of one or more index tests.
Evaluating the ability of a medical test to correctly classify patients is typically done by comparing the distribution of the index
test results with those of the reference standard. The reference standard is the best available method for establishing the
presence or absence of the target condition. An accuracy study can rely on one or more reference standards.

If test results are categorized as either positive or negative, the cross tabulation of the index test results against those of the
reference standard can be used to estimate the sensitivity of the index test (the proportion of participants with the target
condition who have a positive index test), and its specificity (the proportion without the target condition who have a negative
index test). From this cross tabulation (sometimes referred to as the contingency or “2x2” table), several other accuracy
statistics can be estimated, such as the positive and negative predictive values of the test. Confidence intervals around
estimates of accuracy can then be calculated to quantify the statistical precision of the measurements.

If the index test results can take more than two values, categorization of test results as positive or negative requires a test
positivity cut-off. When multiple such cut-offs can be defined, authors can report a receiver operating characteristic (ROC)
curve which graphically represents the combination of sensitivity and specificity for each possible test positivity cut-off. The
area under the ROC curve informs in a single numerical value about the overall diagnostic accuracy of the index test.

The intended use of a medical test can be diagnosis, screening, staging, monitoring, surveillance, prediction or prognosis. The
clinical role of a test explains its position relative to existing tests in the clinical pathway. A replacement test, for example,
replaces an existing test. A triage test is used before an existing test; an add-on test is used after an existing test.

Besides diagnostic accuracy, several other outcomes and statistics may be relevant in the evaluation of medical tests. Medical
tests can also be used to classify patients for purposes other than diagnosis, such as staging or prognosis. The STARD list was
not explicitly developed for these other outcomes, statistics, and study types, although most STARD items would still apply.

DEVELOPMENT

This STARD list was released in 2015. The 30 items were identified by an international expert group of methodologists,
researchers, and editors. The guiding principle in the development of STARD was to select items that, when reported, would
help readers to judge the potential for bias in the study, to appraise the applicability of the study findings and the validity of
conclusions and recommendations. The list represents an update of the first version, which was published in 2003.

More information can be found on http://www.equator-network.org/reporting-guidelines/stard.
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