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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

Background: In 2020, International Classification of Diseases (ICD-10) codes were created for lab-
confirmed SARS-CoV-2 infections. We assessed the operating characteristics of 1CD-10 discharge
diagnostic code U07.1 within a large unselected general population

Methods: The General Medicine Inpatient Initiative (GEMINI) assembles hospitalization data (including
administrative 1ICD-10 discharge diagnostic codes, lab results, demographics, and more) from hospitals in
Ontario, Canada. We studied adults (18+) admitted during 2020 and tested at least once for SARS-CoV-2
via polymerase chain reaction (PCR) during (or within 48 hours before) hospitalization. With PCR results
as the reference standard, we calculated sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) for ICD-10 code UQ7.1 hospital discharge diagnostic codes. Analyses were
stratified by demographics, calendar period, and timing of the first test (within/after 48h of hospital
admission). Latent class analyses (LCA) were also performed as an alternate way to estimate sensitivity

and specificity without assuming a reference standard.

Results: In 11,852 hospitalizations with at least one SARS-CoV-2 PCR test, 444 (3.7%) were positive. The
sensitivity of code U07.1 to identify SARS-CoV-2 infection was 97.8%, specificity was 99.5%, PPV was

88.2%, and NPV was 99.9%. Operating characteristics were similar in most stratified analyses, but the
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specificity and PPV were lower if the first SARS-CoV-2 test was done >48 hours after admission. With
LCA, the sensitivity of code U07.1 was 97.5%, and the specificity was 100%.

Interpretation: Sensitivity, specificity, PPV, and NPV of code U07.1 were high. Our results support using
9 this code to identify SARS-CoV-2 infection in hospitalization data.
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Background

Reliable, standardized case definitions are needed to make optimal use of routinely collected health data,
particularly administrative healthcare records. In early 2020, the World Health Organization (WHO)
released a new International Classification of Diseases Revision 10 (ICD-10) code for the identification of
confirmed SARS-CoV-2 infection (UQ7.1, virus identified). If this new code can reliably identify SARS-
CoV-2 infection within health data, it could expedite important research and surveillance activities. A
handful of studies have assessed ICD-10 code UQ7.1 in North America and elsewhere. Given the potential
for variability across different jurisdictions (of coding practices, patient populations, and other factors), we
aimed to confirm this code’s validity within a broad patient population with universal health care.
Moreover, no other study has evaluated the new ICD-10 code using latent class analyses (assuming no
reference standard). In the current study, we assessed the operating characteristics of code U07.1 within
hospital data, using both a reference standard (SARS-CoV-2 polymerase chain reaction, PCR results) and

by using LCA with no reference standard (a novel approach, particularly in this setting).

Methods

Data

The General Medicine Inpatient Initiative (GEMINI) is a hospital research collaborative collecting clinical
and administrative data from hospitals in the province of Ontario, Canada. Data include inpatient and
emergency department (ED) care, including demographics, administrative discharge diagnostic codes, vital
signs, and the results of laboratory test results and imaging [1,2]. In Canada, upon discharge, trained medical
clerks at each hospital assign administrative discharge diagnostic codes (one most responsible diagnosis
and up to 25 additional codes) [3]. We studied all adults (18+) admitted to one of seven GEMINI
participating hospitals between January and December 2020 with at least one SARS-CoV-2 PCR test at
admission (or the 48 hours preceding) or during hospitalization. During this period in Ontario, rapid antigen
testing was generally unavailable for the general population, and confirmation of suspected SARS-CoV-2

by PCR was mandated by public health authorities.

We characterized demographics (sex, age, and urban vs rural residence as per Statistics Canada [4]), the
Charlson Comorbidity Index score (CCI, based on ICD discharge diagnostic codes for current and prior
hospitalizations), and specific pulmonary comorbidities (asthma, pulmonary fibrosis, and chronic
obstructive pulmonary disease). We also evaluated the length of hospital stay, intensive care unit (ICU)

admission, mechanical ventilation, and hospital death.

Main Analysis
Continuous variables were described using means, standard deviations, and quantiles. Categorical variables

were described using counts and percentages.
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To evaluate the performance of the U07.1 code using PCR test results as the reference standard, we
identified all SARS-CoV-2 PCR tests performed 48 hours before admission and all tests performed during
hospitalization. Readmissions were treated as independent observations, meaning that any tests performed
in previous encounters were generally not accounted for in the current admission. We assumed cases as
lab-confirmed (SARS-CoV-2 identified) if at least one test was positive in the observation period and a
confirmed non-case (no SARS-CoV-2 identified) if there were no positive PCR tests (and at least one

negative test result). We then assigned:

i) TP as lab-confirmed SARS-CoV-2, with discharge code U07.1

ii) FN as lab-confirmed SARS-CoV-2, without discharge code U07.1
iii) FP asno SARS-CoV-2 identified, with discharge code U07.1

iv) TN as no SARS-CoV-2 identified, without discharge code U07.1

Additional analyses

Stratified analyses were carried out for sex and age (<50 years, 50-75 years, and > 75 years), urban versus
rural residence, calendar period of admission (January-April, May-August, and September-December), and
timing of first PCR test (before admission, within 24h of the admission, between 24-48h of the admission,

or after 48h of admission).

In additional analyses, we assessed the operating characteristics of U07.1 without assuming the PCR test
result as the reference standard. For that, we used latent class analyses (LCA), a method well suited to the
evaluation of case definitions in the real world when there is no completely accurate gold standard
(including PCR, where clinical performance has been said to approach 80% sensitivity and 98-99%
specificity)[5]. In this analysis, we estimated operating characteristics (sensitivity and specificity) by
combining three different potential indicators of SARS-CoV-2 infection PCR test results, ICD-10 discharge
diagnosis code U07.1, and clinical presentation (fever AND at least one additional feature: oxygen
saturation < 93% OR oxygen supplementation OR mechanical ventilation). We treated disease status as a
two-class latent variable and assumed non-informative priors in the estimation of model parameters. In the
main LCA analyses, we excluded individual hospitalizations with missing data. To assess the implications
of potential bias from missing data, we performed secondary analyses where i) all records with missing
data were considered as non-cases of SARS-CoV-2 infection; ii) all missing data were considered as SARS-

CoV-2 infection cases. LCA was performed using the ‘poLCA’ R package [6].

All analyses in this paper were performed using R version 4.1.2 [7].
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Results

There were 11,852 hospitalizations occurring between Jan. 23, 2020, and Dec. 31, 2020, associated with at
least one SARS-CoV-2 PCR test (regardless of result). In 444 of these 11,852 hospitalizations, we found at
least one positive test, representing a frequency of 3.7% for confirmed SARS-CoV-2. Among the 444 PCR-
confirmed cases, 434 had an ICD-10 discharge diagnosis code UQ7.1.

The sensitivity of code U07.1 was 97.8% (95% CI 95.9-98.9%), the specificity was 99.5% (95% CI 99.3-
99.6%), PPV was 88.2% (95% CI 85.0-90.9%), and NPV was 99.9% (99.8-100.0%) Stratified analyses are
presented in Tables 1-2. Operating characteristics were similar across sex, age groups, and calendar periods
(Table 1). When considering the timing of the first PCR test, the specificity of ICD code U07.1 was slightly

lower when the test was done more than 48 hours after admission (Table 2).

Results of the LCA are presented in Table 3. Data on vital signs and PCR were missing in 773 (6.0%) and
952 (7.4%) admissions, respectively. In the main analyses (when any individual with missing data was
removed), the sensitivity of the U07.1 code was 97.5%, and the specificity was 100%. Results were similar
in secondary analyses that considered missing data alternatively as indicative of all non- SARS-CoV-2 or
as all SARS-CoV-2 cases.

Interpretation

Our results demonstrate the high sensitivity, specificity, and positive predictive value of ICD-10 code U07.1
in identifying lab-confirmed SARS-CoV-2 infection in hospital data. These operating characteristics were
similar across sex, age groups, calendar periods, and comorbidities. The sensitivity of the ICD code was
higher when the test was done between 24-48 hours of hospitalization. Latent class analyses (which do not

assume a gold standard to estimate sensitivity/specificity) were comparable to our main findings.

Our results are consistent with studies in other jurisdictions evaluating the reliability of ICD-10 code U07.1
in identifying SARS-CoV-2 infection in hospitalization data. In the only other Canadian study, Wu et al.
assessed the validity of SARS-CoV-2 ICD codes in Alberta provincial health databases from emergency
admissions and inpatients in two cohorts linked to administrative health records [8]. They found that the
sensitivity of ICD-10 code UQ7.1 for inpatients with positive PCR tests was 94.2% (95% Cl 93.5-94.8%),
and the PPV was 94.5% (95% CI 93.8-95.2%) [8].

Kadri et al. examined the reliability of ICD-10 code U07.1 in American administrative hospitalization data
early in the pandemic [9]. Using a positive PCR test as the gold standard, they estimated the sensitivity of
U07.1 at 98.0% (95% CI 97.6-98.4%) specificity at 99.0% (95% CI 98.9-99.1%) and PPV at 91.5% (95%
Cl 90.8-92.3%) [9]. They concluded that hospitals accurately code SARS-CoV-2 diagnoses, though they
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advocated for continuing to assess the reliability of this code over time [9]. Subsequent studies found similar
results [10-12]. Lynch et al. in the United States (US) reviewed Veterans Affairs medical records containing
ICD diagnostic code U07.1 and calculated PPV, with PCR testing as the reference standard [13]. They also
found high PPV in hospitalized patients (93.8%, 95% CI 91.8-95.6%) [13]. Bhatt et al. evaluated hospital
discharge diagnoses between April 1, 2020, and July 31, 2020, in the Mass General Brigham health system
(which includes Massachusetts General Hospital, Brigham and Women’s Hospital, and other allied
hospitals across Massachusetts) [14]. Compared to all other studies, they found a much lower sensitivity
(49.2%, 95% CI 47.1-51.3%) for the hospital ICD code U07.1 compared to PCR test results; they estimated
high specificity (99.4%, 95% CI 99.3-99.5%) and a PPV of 90.0% (95% CI 88.2-91.6%) [14]. They
attributed the lower sensitivity to scribing delays at discharge, changes to testing criteria and interpretation
differences when looking at test results and symptom presentation [14]. Bodilsen et al. also confirmed a
high PPV for SARS-CoV-2 codes in Danish hospital data [15].

One of the motivations for using Canadian data for our study is that in this county, individuals have
universal access to health care, so administrative records hold discharge diagnoses for all hospitalizations.
Since only one other Canadian study has been published on this topic, and since it is well-known that ICD
code use (and their validation) can vary greatly over jurisdictions, our study is important. Moreover, since
the sensitivity and specificity of case definitions from administrative data can vary greatly over
demographic and other variables, our stratified analyses offer some unique information. Finally, LCA has
not often been used to validate ICD diagnostic codes from electronic health data, although often there is no
easily available ‘gold standard’ for a disease state [16]. LCA analyses recognize that there is no true gold
standard; as mentioned previously, even though PCR testing has largely been considered the reference
standard for identifying SARS-CoV-2), its clinical sensitivity approaches 80% sensitivity. This is because
someone with only a small amount of the virus in their nasal passages may have a negative test even if they
have the virus somewnhere else (like the gastrointestinal tract)[17]. Further, hospitalization for SARS-CoV-

2 disease may occur later in the disease course when only a relatively small amount of the virus is present.

Overall, our findings confirm the validity of the new ICD-10 code. This is reassuring for research and
surveillance activities relying on administrative hospitalization data. Moreover, our results were consistent
even when no gold standard was assumed. However, our study has some potential limitations. First, PCR
tests performed outside Ontario hospitals were unavailable, which may have caused some individuals tested
for SARS-CoV-2 in outpatient settings to be identified as false positives (i.e., with a U07.1 diagnosis but
without a positive test). However, this limitation is common in many published studies on this topic.
Additionally, our study uses data from the first year of the pandemic, and as others have suggested, repeat

analyses in years to come may Yyield further insights [18].
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In conclusion, in a large Canadian electronic hospital database, ICD-10 code UQ7.1 accuracy of these codes
can facilitate ongoing research initiatives, including determining how to manage future pandemics and costs

or new SARS-CoV-2 waves and determining the effectiveness of immunization.
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Table 1 Operating characteristics of ICD*U07.1 (lab-confirmed COVID) within hospital
diagnostic codes (PCR as reference) stratified by sex, age and urban-versus-rural residence
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Parameter \ Estimate (95% CI)
Female
Sensitivity 97.2% (93.6%-99.1%)

Specificity

99.5% (99.2%-99.6%)

Positive predictive value

86.1% (80.5%-90.5%)

Negative predictive value

99.9% (99.8%-100.0%)

Male

Sensitivity

98.1% (95.7%-99.4%)

Specificity

99.5% (99.3%-99.7%)

Positive predictive value

89.7% (85.6%-92.9%)

Negative predictive value

99.9% (99.8%-100.0%)

< 50 years
Sensitivity 95.1% (87.8%-98.6%)
Specificity 99.5% (99.1%-99.7%)

Positive predictive value

84.6% (75.5%-91.3%)

Negative predictive value

99.8% (99.6%-100.0%)

50-75 years
Sensitivity 98.5% (95.6%-99.7%)
Specificity 99.5% (99.2%-99.6%)

Positive predictive value

87.1% (81.9%-91.2%)

Negative predictive value

99.9% (99.8%-100.0%)

> 75 years
Sensitivity 98.2% (94.8%-99.6%)
Specificity 99.6% (99.3%-99.8%)

Positive predictive value

91.5% (86.4%-95.2%)

Negative predictive value

99.9% (99.8%-100.0%)

Urban

Sensitivity

97.6% (95.6%-98.8%)

Specificity

99.5% (99.3%-99.6%)

Positive predictive value

87.8% (84.5%-90.7%)

Negative predictive value

99.9% (99.8%-100.0%)

Rural

Sensitivity

100.0% (39.8%-100.0%)

Specificity

99.7% (98.4%-100.0%)

Positive predictive value

80.0% (28.4%-99.5%)

Negative predictive value

100.0% (99.0%-100.0%)

*|CD=international classification of diseases PCR=polymerase chain reaction
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Table 2 Operating characteristics of ICD*U07.1 (lab-confirmed COVID) within hospital
diagnostic codes (PCR as reference) stratified by sex, age and urban-versus-rural residence

Parameter

Estimate (95% confidence interval)

Timing of first PCR

Before admission

Sensitivity

98.7% (96.2%-99.7%)

Specificity

99.9% (99.7%-100.0%)

Positive predictive value

97.8% (95.0%-99.3%)

Negative predictive value

99.9% (99.8%-100.0%)

Between 0-24h of admission

Sensitivity

95.8% (90.4%-98.6%)

Specificity

99.7% (99.6%-99.9%)

Positive predictive value

88.3% (81.4%-93.3%)

Negative predictive value

99.9% (99.8%-100.0%)

Between 24-48 of admission

Sensitivity

100.0% (63.1%-100.0%)

Specificity

99.0% (96.5%-99.9%)

Positive predictive value

80.0% (44.4%-97.5%)

Negative predictive value

100.0% (98.2%-100.0%)

Beyond 48h of admission
Sensitivity 97.8% (92.4%-99.7%)
Specificity 94.2% (92.1%-95.9%)

Positive predictive value

71.4% (62.7%-79.1%)

Negative predictive value

99.7% (98.8%-100.0%)

Calendar period of admission

Jan-Apr 2020

Sensitivity

99.4% (97.0%-100.0%)

Specificity

98.6% (97.9%-99.2%)

Positive predictive value

90.5% (85.5%-94.2%)

Negative predictive value

99.9% (99.6%-100.0%)

May-Aug 2020
Sensitivity 96.2% (90.5%-99.0%)
Specificity 99.5% (99.2%-99.7%)

Positive predictive value

79.5% (71.5%-86.2%)

Negative predictive value

99.9% (99.8%-100.0%)

Sep-Dec 2020

Sensitivity

96.8% (92.8%-99.0%)

Specificity

99.7% (99.6%-99.9%)

Positive predictive value

92.2% (87.0%-95.8%)

Negative predictive value

99.9% (99.8%-100.0%)
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Table 3 Operating characteristics of ICD*U07.1 (lab-confirmed COVID) within hospital

diagnostic codes, using latent class analyses

Main analyses (subjects with missing data removed)

Parameter Estimate (95% confidence interval)
Sensitivity 97.5% (95.9-99.0%)
Specificity 100% (100-100%)
Alternative 1 (missing data considered as non-COVID cases)

Parameter Estimate (95% confidence interval)
Sensitivity 100.0% (100-100%)
Specificity 99.4% (98.0-100%)
Alternative 2 (missing data considered as COVID cases)

Parameter Estimate (95% confidence interval)
Sensitivity 96.2% (94.4-98.0%)

Specificity

99.9% (99.8-100%)
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