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Summary

What is already known on this topic?

Electronic health record (EHR) data are prone to data quality problems
such as missing data. Data quality concerns are often cited as a barrier to
using these data for public health surveillance.

What is added by this report?

This study offers a framework to inform data quality processes for poten-
tial users of EHR data for surveillance. We identified the data quality prob-
lems associated with implementing EHR-based chronic disease surveil-
lance and developed remediation strategies.

What are the implications for public health practice?

The validation strategies applied in the analysis can be used to evaluate
and optimize the integrity of EHR data for public health surveillance.

Abstract

Introduction
Surveillance modernization efforts emphasize the potential use of
electronic health record (EHR) data to inform public health sur-
veillance and prevention. However, EHR data streams vary widely
in their completeness, accuracy, and representativeness.

 

Methods
We developed a validation process for the Multi-State EHR-Based
Network for Disease Surveillance (MENDS) pilot project to
identify and resolve data quality issues that could affect chronic
disease prevalence estimates. We examined MENDS validation
processes from December 2020 through August 2023 across 5
data-contributing organizations and outlined steps to resolve data
quality issues.

Results
We identified gaps in the EHR databases of data contributors and
in the processes to extract, map, integrate, and analyze their EHR
data. Examples of source-data problems included missing data on
race and ethnicity and zip codes. Examples of data processing
problems included duplicate or missing patient records, lower-
than-expected volumes of data, use of multiple fields for a single
data type, and implausible values.

Conclusion
Validation protocols identified critical errors in both EHR source
data and in the processes used to transform these data for analysis.
Our experience highlights the value and importance of data valida-
tion to improve data quality and the accuracy of surveillance es-
timates that use EHR data. The validation process and lessons
learned can be applied broadly to other EHR-based surveillance
efforts.

Introduction
The Multi-State EHR-Based Network for Disease Surveillance
(MENDS) is a pilot project coordinated by the National Associ-
ation of Chronic Disease Directors and funded by the Centers for
Disease Control and Prevention (CDC). It uses clinical data from
electronic health record (EHR) systems for public health surveil-
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lance by state and local public health departments (1–3). MENDS
is built on the Electronic Medical Record Support for Public
Health (ESP) surveillance platform, an open-source software de-
signed to transform raw EHR data into usable public health in-
formation (eg, incidence of hypertension treatment and control in
a specified jurisdiction stratified by age, sex, race, and ethnicity)
(4). MENDS transformation tasks include 1) identifying data ele-
ments available in the EHR that are relevant to surveillance of a
particular health condition, 2) extracting these data, 3) reformat-
ting and mapping the data into a MENDS-specific database, 4)
running algorithms to define cohorts and cases of interest, 5) com-
piling relevant clinical events for each condition, and 6) calculat-
ing and visualizing surveillance indicators.

Data quality issues may be present in the raw EHR data or occur at
any point in the transformation process (5). MENDS implemented
a 5-stage validation process to address the quality of source data
and the integrity of the transformation process. The objective of
this study was to describe MENDS validation processes across 5
data-contributing organizations and outline steps to resolve data
quality issues.

Methods
Administration and documentation

The MENDS Coordinating Center administered the validation pro-
cess according to the MENDS rules of governance (6). Our ap-
proach to validation was iterative and interactive. The validation
approach was initially informed by previous work done by MD-
PHnet, a precursor to MENDS, and guidance from CDC and un-
derwent progressive refinements guided by learnings (7). We pri-
oritized 5 chronic disease indicators in ESP for validation: hyper-
tension, smoking, cholesterol, diabetes, and obesity (8). These in-
dicators were chosen because of their importance to CDC and the
availability of existing ESP algorithms for immediate implementa-
tion. Results from validation activities and observations were
shared with data contributors and then discussed to learn more
about specific issues and to reach consensus about how to resolve
discovered issues. We documented the validation processes and
findings overall and for each data contributor, including when
each step was started and completed, issues identified, and steps
taken to resolve issues before proceeding to the next stage.

Five data-contributing organizations participated in this study,
each taking part in the validation process at some point from
December 2020 through August 2023. The 5 MENDS data con-
tributors were a health information exchange, a network of com-
munity health centers, a nonprofit research organization, a clinical
research network, and an enterprise health data warehouse pro-
vider — all intermediaries that collate the EHR data of others

rather than serve as direct clinical providers themselves. Data con-
tributors to MENDS aggregate data from numerous health sys-
tems and clinics, each with differences, strengths, and gaps. These
differences arise in part from differences in the core purposes and
operations of the data contributors. All data contributors had prior
experience with data sharing activities and ETL (extract, trans-
form, and load) processes and validation; however, the MENDS
focus on provisioning data for public health chronic disease sur-
veillance was a novel endeavor for them. Regardless of when data
contributors joined MENDS, they provided historical data starting
from January 1, 2018, up to the present date. Further details on the
development of the MENDS pilot, its technical infrastructure, the
data sources of contributors, and the network’s governance are
published elsewhere (2,9).

Validation stages

The first 4 stages of the MENDS multistage validation process
(Table 1) consist of the internal validation processes to ensure ac-
curate surveillance estimates.

Stage 0: Data confirmation. In this stage, data contributors quer-
ied their source systems manually to confirm the presence of
MENDS-required data (eg, prescription orders, vital signs, labor-
atory tests) before any exchange of data. Potential data contribut-
ors who lacked essential data elements that could not be rectified
did not move forward with joining MENDS.

Stage 1: Extract, transform, load (ETL) validation. In this stage,
the MENDS Coordinating Center examined data completeness, in-
cluding total numbers of patients, demographic variables (age, sex
and gender, race and ethnicity), state, 5-digit zip codes, and total
volume of encounters, vital signs, laboratories, and prescriptions
over time. Results were verified by data contributor personnel
through direct comparison against the source system.

Stage 2: Data characterization. In this stage, the MENDS Coordin-
ating Center looked closely at the data attributes used to identify
priority conditions by calculating minimum, maximum, mean, and
median values for comparison with expected values and those
used by other data contributors. The volume and monthly trends of
specific diagnostic codes, laboratories, and prescriptions (eg, top
10 diagnoses) were also reviewed.

Although stages 1 and 2 differ in scope, the MENDS Coordinat-
ing Center recognized that lower-than-expected volumes in either
stage suggest that the source data are incomplete (eg, no laborat-
ory results in the source system) or that the source data are not
flowing completely into the MENDS database (eg, selected labor-
atories are missing due to failure to retrieve all laboratory results
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from the source system). The MENDS Coordinating Center as-
sessed lower-than-expected values by comparing record counts
across data contributors and other implementations of the ESP out-
side of MENDS, adjusting for total patient population size.

Stage 3: Algorithm validation. This stage entailed data contribut-
ors reviewing randomly selected patients flagged with each condi-
tion (eg, hypertension, smoking status) and condition state (eg, hy-
pertension control, current smoker). MENDS used a limited data
set that included a patient identifier. This identifier was passed
back to the data contributor, where it was mapped to the fully
identifiable patient record, allowing a clinical data specialist at the
site to conduct reviews. The primary purpose of stage 3 was to
confirm that condition-specific algorithms had been correctly ap-
plied, but it also acted as a second check on source data validity.
The number of reviews varied by condition, with the intention of
balancing the workload of medical record review with the minim-
um capacity needed to identify data quality errors (Table 2). For
each reviewed patient, the data contributor compared the patient’s
MENDS classification (eg, hypertension) with the pertinent data
elements in the source data (eg, serial blood pressure measure-
ments, diagnosis codes for hypertension, prescriptions for anti-
hypertensive medications) to confirm agreement between MENDS
data and the source data.

Finally, MENDS recommended that each data contributor con-
duct stage 4, external indicator algorithm validation, which com-
pares indicators against external data sources, such as state or na-
tional chronic disease surveys. We did not address stage 4 valida-
tion in this study.

Results
Among the 5 data contributors participating in MENDS validation
during the study period, the median (range) time to complete the
internal validation stages 0 through 3 was 15.0 (1.6–20.0) months,
with stage 3 taking the most time (median, 9.7 months) (Figure).

Figure. Percentage of total time needed to complete each stage (stages 0–3)
of the MENDS internal validation process. Abbreviation: MENDS, Multi-State
EHR-Based Network for Disease Surveillance.

The length of time to complete each stage depended on whether is-
sues were identified that data contributors needed to address. For
example, if stage 1 was completed with no issues, Stage 2 could
proceed immediately. For some issues detected in stage 1, data
contributors had to modify their extraction procedure and re-
extract data, which could take weeks or months.

Generally, stage 3 reviews took the most time to complete, espe-
cially if validation failed because of extraction errors. This led to
modifying data extraction processes, re-extracting and repro-
cessing data, and repeating reviews to confirm resolution. The ini-
tial average percentage of hypertension reviews that failed in stage
3 for hypertension was 14% of patients sampled (ranging from 6%
to 31% across sites); this rate shrank to 2% (ranging from 0% to
4% across sites) after validation.

General data quality issues

The most common validation issue was missing data, including
lower-than-expected data volume, missing demographic or geo-
graphic information, and missing data on patients (Table 3). Sev-
eral other idiosyncratic data quality issues included incomplete or
incorrect mapping of source data values to value sets specified for
the ESP data model, errors in source-data processing, incorrect
zero values, and data on vital signs that did not connect with an
encounter (referred to as “orphan” observations in MENDS).

Low data volume. Two scenarios occurred with low data volume:
1) a site provided consistently lower-than-expected amounts of
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data compared with similar data feeds (corrected for population
size) of other partners or 2) a sudden, dramatic drop in data
volume. We found resolvable causes for most low data volume is-
sues. For some data volume fluctuation, we could not identify spe-
cific errors. In such cases, data contributors were notified of the
anomalies, and both the MENDS Coordinating Center and data
contributors continue to monitor for a future clarification of the is-
sue.

Incomplete records. We found incomplete data for key variables
across all sites to varying degrees. For example, 1 contributor had
missing or unknown race for 23% of patients. Discovery con-
firmed that this rate of missingness accurately reflected the data
received from health systems, and thus no further actions were
taken. Another contributor found that 5-digit zip codes were miss-
ing for roughly half its patients. Investigation confirmed that
health systems do consistently collect and store 5-digit zip codes,
but that the health system was not always sharing these data. The
health system agreed to improve the data feed to the MENDS data
contributor, and in subsequent updates, 5-digit zip code missing-
ness decreased to 4%.

Missing patients. Multiple data contributors could not find match-
ing patient IDs in their MENDS database or source data during
stage 3 validation. Investigation suggested that this issue occurred
because of the methods used by MENDS contributors to make
quarterly data updates. It is common, during such updates, to de-
lete data previously extracted for MENDS and to generate a new
extract containing historical and recent health data. The new data
extract also includes newly issued internal identifiers for some or
all patients, including those previously in the MENDS database, a
deliberate strategy to limit the risk of re-identification. Therefore,
patient IDs do not match from 1 cycle to the next, which limits the
time available for validation to the period between case identifica-
tion in ESP and the start of the next refresh cycle.

In addition, as a result of the patient matching and deduplication
efforts data contributors perform as part of their data management
processes, the loss of 1 or both MENDS patient IDs may occur as
records are merged. Merging duplicates improves quality of the
source data but may result in mismatched patient IDs after data re-
fresh cycles. Data contributors may also need to remove 1) indi-
vidual patients, at the request of those patients or 2) all patients
from a health system that has ended its data-sharing relationship
with the data contributor.

Although untraceable patient IDs can cause validation delays, they
are not considered invalidating. To complete a validation review,
missing patients can be replaced by using revised validation list-
ings. To alleviate missing patient IDs, validation reviews should
ideally be done in a timely fashion between refresh cycles.

Condition-specific data quality issues

Some validation issues were specific to the chronic disease indic-
ators being validated. A common finding in the MENDS database
was the presence of diagnostic codes, heights, weights, and blood
pressure values not connected with an encounter, so-called
“orphan” diagnostic codes or observations. Orphan observations
are unexpected because diagnosis codes and vital signs are typic-
ally generated during clinical encounters. Orphan observations can
arise from differences in how health systems define encounters in
their EHRs or from clinical visits that do not generate an en-
counter, such as some virtual visits, telephone calls, or nonbillable
visits. Stage 3 reviews also found blood pressure, height, and
weight observations with nonmatching encounter dates and obser-
vation dates, despite having the same encounter ID. Observations
and encounters can also become disjointed as the data move
through multiple extractions.

The discovery of orphan observations prompted the development
of strategies to retain these data for condition determination by
creating generic encounters based on available information
(“dummy encounters”) and imputing an encounter date from the
date of the orphan observation. Although this process allows
orphan data to be retained, dummy encounters lack key contextual
information such as care setting (eg, inpatient or outpatient). For
hypertension, the condition algorithm was modified to exclude
orphan observations that occurred on the same patient day as an
inpatient encounter.

Hypertension. Validation identified some biologically implausible
blood pressure values. The hypertension algorithm was updated to
exclude systolic blood pressures <30 mm Hg or >300 mm Hg, and
diastolic blood pressures <20 mm Hg or >150 mm Hg (10). These
changes supported more accurate counts of hypertension overall
and improved detection of undiagnosed hypertension and status of
hypertension control. In addition, a review of outlier blood pres-
sure values suggested that many came from the inpatient setting.
Because hospitalized patients are prone to very high and very low
blood pressures owing to clinical circumstances unrelated to
chronic hypertension, the hypertension algorithm was updated to
exclude inpatient data. Similarly, orphan blood pressure observa-
tions collected on the same day as an inpatient encounter were
considered to possibly reflect acute illness rather than the chronic
state and thus were excluded.

Smoking. The volume of smoking data was initially low, raising
concerns about missing data. However, it was difficult to estimate
missingness because smoking and tobacco use screening practices
varied substantially across and within health care organizations.
Investigation revealed that smoking data are often stored in mul-
tiple locations in the source data. The process to extract smoking
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data was revised (often multiple times) by each contributor to
search for and incorporate smoking data from multiple locations in
the source system. This change was particularly relevant for
MENDS sites that contributed data via Consolidated Clinical Doc-
ument Architecture (CCDA) because smoking data are also stored
in multiple places within a CCDA. One data contributor that re-
processed CCDAs to look for tobacco information in multiple
places identified an additional 900,000 smoking values — chan-
ging 100,000 records from never smoker to current smoker and
leading to a notable increase in smoking prevalence in the popula-
tion of this data contributor.

In addition, large volumes of smoking data were stored without a
date and, therefore, no time stamp could be attributed to those ob-
servations. Smoking data often reside in the EHR in a data do-
main known as social history, alongside other assessment-related
information, and these data can have an unusual structure and rela-
tionship with the encounters recorded within the EHR. We opted
not to use smoking data without a date, possibly leading to under-
estimation of smoking prevalence in some jurisdictions.

Smoking status and tobacco use status are 2 distinct but related
concepts, and health systems and clinics do not consistently differ-
entiate them. Some screen for one but not the other, and some
screen for both and record conflicting information. Stage 3 valida-
tion highlighted this difference and required MENDS to add fields
for smokeless tobacco products and non–tobacco smoking sub-
stances. Some were not consistently using recommended value
sets for smoking (11). For example, 1 data contributor had
smoking response values of only “current smoker” and “passive
smoker,” but not “never smoker” or “former smoker.” We were
unable to resolve this source-data issue.

Idiosyncratic data quality issues. Errors in source-data processing
and mapping were identified throughout the validation process.

For example, stage 1 validation includes generation of a fre-
quency table of the most common diagnostic codes. It revealed
that 1 data contributor used Systematized Nomenclature of Medi-
cine (SNOMED) vocabulary (12) to store diagnostic codes. Ini-
tially, MENDS algorithms included diagnostic code value sets by
using only International Classification of Diseases, 10th Revision,
Clinical Modification (ICD-10-CM) terminology. To resolve this
issue, we created and applied a SNOMED to ICD-10-CM code
map (13).

One data contributor’s stage 2 validation showed a higher-than-
expected proportion of patients identifying as Alaska Native. This
unexpected proportion was due to incorrect mapping of race val-
ues from the source data and was resolved by correcting mapping
assignments. Another data contributor found tens of thousands of

zero values for heights and weights, resulting from errors in the
processing of incoming clinical data (before the data were
provided to MENDS). The data contributor corrected its inbound
processing to resolve this issue.

Stage 3 validation reviews of patients with obesity revealed that 1
data contributor was rounding heights and weights incorrectly.
This finding was shared with the data contributor and corrected.

Discussion
The MENDS data validation process identified multiple data qual-
ity issues, including 1) source data issues that could not be re-
solved, 2) minor issues requiring explanation, and 3) source data
issues that were correctable, either during the ETL process to pop-
ulate the MENDS database or by the MENDS algorithms that
identify cases for surveillance. These issues are likely widespread
across EHR data repositories and contain generalizable lessons for
ensuring the rigor and validity of chronic disease surveillance us-
ing EHR data.

MENDS validation is time and resource intensive. Data contribut-
ors receive modest funding to participate in MENDS, but the
funds are intended to cover multiple aspects of network participa-
tion, such as legal agreements, data sharing, technical environ-
ment maintenance, and governance involvement, in addition to
validation activities (2,9). Validation findings and resolution work
also vary by partner sites, complicating project management. We
were sensitive to the burden of validation and, when possible, we
modified validation processes to address data contributors’ con-
cerns about workload. For example, we decreased the number of
stage 3 reviews asked of the sites by about half. Despite this scal-
ing back, the validation efforts still improved data quality, as seen
in the reduced error rate (14% to 2%) during stage 3, algorithm
validation.

Using a staged approach allowed MENDS and data contributors to
track incremental progress. Validation of Stage 0 through 2 identi-
fied high-level data quality issues, such as missing data on pre-
scriptions and demographic characteristics, that would affect sur-
veillance estimates for many conditions. Stage 3 reviews of indi-
vidual cases identified nuanced and often condition-specific data
quality problems missed by overall data assessment. In general, is-
sues identified in earlier stages were easier to fix than issues found
in later stages. Most issues could be resolved, improving both
MENDS surveillance information and potential secondary uses of
the source data. Two studies reported similar EHR data quality is-
sues, suggesting that processing costs for EHR data may be high-
er than anticipated, owing to the need to find and fix discrepan-
cies and inconsistencies (14,15).
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Missing data was the most common issue. Most instances could be
corrected in the source data or during the ETL process. We imple-
mented stage 0 validation before bringing the last data contributor
on board. This stage entailed addressing source data issues before
ETL. This contributor had the fewest missing data issues in later
validation stages (16).

Stage 1 and 2 validation methods successfully identified obvious
missing data issues, but more subtle missing data issues were not
always apparent. Determining the presence, cause, and extent of
missing information was challenging due to lack of reliable bench-
marks. Similarly, in stage 2, the frequency of biologically im-
plausible values was challenging to interpret, because we lacked
values for the expected proportion of biologically implausible
blood pressures and other measurements in the source data. In
Stage 3, we identified more nuanced quality issues specific to each
condition. The MENDS validation efforts highlight the import-
ance of an incremental validation approach: start with high-level
trends and patterns and narrow to more specific data quality is-
sues.

We found that most data contributors were not routinely perform-
ing data quality monitoring for issues that might affect chronic
disease surveillance. Data contributors rarely examine their data in
the ways required by MENDS validation (eg, total count of en-
counters, a critical variable for estimating disease prevalence), un-
derscoring the need for independent validation processes before
using raw EHR data for public health surveillance.

Some missing data problems could not be resolved because health
systems were not consistently collecting the information. For ex-
ample, missing data on race and ethnicity in clinical data are com-
mon (17). Standards on how best to collect and document race and
ethnicity data within EHR systems have only recently been estab-
lished, and many health systems have yet to adopt them (18,19).
However, efforts to improve the quality of race and ethnicity data
across health systems have resulted in steady improvements. Con-
tinuing to support health systems in making these improvements
helps ensure accurate information for public health programs and
interventions that address health equity. Awareness that the qual-
ity of race and ethnicity data can vary widely across systems (20)
can also help researchers interpret MENDS surveillance estimates
and facilitate use of these data — along with traditional sources of
chronic disease surveillance data (21,22).

Information on smoking status is another area that warrants im-
provement, both in what is collected and where it is recorded in
the EHR. The Centers for Medicare & Medicaid Services’ EHR
Incentive Program—also known as Meaningful Use program —
required the structured capture of data on smoking status, which
has since been standardized through the United States Core Data

for Interoperability (USCDI) via SNOMED codes (23,24). Des-
pite this standardization, the process of capturing data on smoking
status retains some inconsistencies, possibly stemming from the
different variables used to record smoking status, which can be
subject to interpretation and not mutually exclusive, impeding ac-
curate classification of patients’ smoking status.

How health systems share data with contributors can also affect
missingness. Some data contributors receive a large export of data
for all patients or all care, while others employ an event notifica-
tion framework through which only some conditions or types of
events are shared. Under the event notification framework, the
data contributor sends information from certain patients or from
selected encounters. Although patient demographic traits may be
available in the EHR, they may not be present in the encounter
data sent to the MENDS data contributor (25). A high rate of miss-
ing 5-digit zip codes for some contributors was an unexpected data
quality issue, because health systems generally collect and update
patients’ addresses consistently to facilitate billing. In many EHR
systems, a 5-digit zip code is a required field and is auto-populated
based on the address. Erroneous zip codes are far more common in
EHRs than missing zip codes; large numbers of missing zip codes
may indicate a data transmission or mapping issue rather than in-
completeness of source data.

Recommendations

Based on our experience, we plan the following improvements to
the validation framework:

Expand stage 0 to examine source data more thoroughly before develop-
ing the ETL process — to reduce time investigating and resolving errors in
later stages.

1.

Add a process in stage 1 validation to document how data refreshes occur
and their effects on patient IDs to reduce time following up on missing IDs.

2.

Expand stage 1 to include details about additional data attributes and
routine benchmarking of the expected distribution, range, interquartile
range, median, and percentage of missing values pulled either from the lit-
erature (when available) or from distributions across MENDS data contrib-
utors.

3.

Rerun the stage 1 report annually to identify and resolve new data quality
issues — introduced by data system updates at the health system or data
contributor levels — that affect MENDS data quality.

4.

Incorporate care settings and encounter type stratifications throughout
validation to better focus issue discovery and resolution efforts.

5.

Include state and local public health partners that will use the data in the
validation process, when possible, to deepen their understanding of how
clinical data are transformed into surveillance information and to build
confidence in using EHR-based surveillance information. State and local

6.
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public health partners could potentially apply the lessons garnered from
this process to their engagement efforts with health systems and clinics to
enhance the quality of their data, focusing on EHR documentation needs.

Conclusion

MENDS validation activities were resource intensive but identi-
fied multiple data quality issues that could affect the accuracy and
representativeness of calculated indicators; most data quality is-
sues could be resolved. Our experience highlights the value and
importance of data validation to improve data quality and the ac-
curacy of surveillance estimates using EHR data. The validation
process and lessons learned can be applied broadly to other EHR-
based surveillance efforts.
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Tables

Table 1. Description of the Stages of the Validation Process for Multi-State EHR-Based Network for Disease Surveillance (MENDS) Data

Stage of validation Description

Stage 0: Data confirmationa,b Team gives data contributor a catalog of required data domains to confirm and describe. The MENDS Coordinating Center
reviews the results, and any anomalies are discussed with the data contributor so that missing data are identified before an
extract, transform, and load (ETL) script is built. This stage was added after multiple partner sites completed initial data loads
with missing critical data. Stage 0 was completed by only 1 data contributor.

Stage 1: Extract, transform, and
load (ETL) scriptb

SQL (structured query language) scripts are run on the MENDS database to summarize the total counts of patients, encounters,
vital signs, laboratories, and prescriptions over time. The MENDS Coordinating Center reviews the results. When issues are
identified, the source data and ETL are reexamined, fixes are made as appropriate and feasible to source data or ETL, and data
are reextracted and loaded into the MENDS database.

Stage 2: Data characterization SQL scripts are run on the MENDS database to characterize the distribution of critical data, including calculating minimum,
maximum, mean, and median values. The MENDS Coordinating Center reviews the results. Characterization ensures that the
MENDS database is providing valid indicators of clinically meaningful population parameters for epidemiology.

Stage 3: Algorithm Randomly selected patient identifiers are provided to a data contributor to confirm, in their source data, that the algorithm code
is correctly identifying conditions as specified. The MENDS Coordinating Center reviews the results. If indicators do not pass at
90%, updates are made to the ETL, source data, or MENDS database, and replacement identifiers are provided.

Stage 4: External indicator
algorithmc

Partner sites compare MENDS surveillance estimates with surveillance information from alternative comparable data sources
such as the Behavioral Risk Factor Surveillance System (BRFSS), National Health and Nutrition Examination Survey (NHANES), or
claims-based estimates.

a Stage 0 was introduced later in the project as a quality improvement effort to alleviate issues later in the validation pathway. Only 1 partner site joined MENDS
after Stage 0 was established.
b Source data validation steps may occur 1 time, while subsequent validation steps are repeated for each surveillance indicator.
c MENDS validation is a 5-stage process. Stages 0 through 3 are internal validation steps to confirm that the data flows and algorithms work effectively before in-
dicator calculation. Stage 4 is an external validation step that compares indicators with estimates from other data sources. This study focused on internal valida-
tions steps and findings, but Stage 4 is included in this table for completeness.
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Table 2. Counts of Planned and Completed Stage 3 Validation Reviews by Condition and Outcome in Multi-State EHR-Based Network for Disease Surveillance
(MENDS)

Condition Outcome Planned Completed

Hypertension All 100 100

Clinical hypertension 20 20

Diagnosed hypertension, controlled 20 20

Diagnosed hypertension, uncontrolled 20 20

Diagnosed hypertension, unknown control 20 20

No hypertension 20 20

Smoking All 80 20

Never smoker 20 5

Current smoker 20 5

Former smoker 20 5

Status unknown 20 5

Cholesterol All 84 20

HDL, elevated 7 2

HDL, healthy 7 2

HDL, no results in the last year 7 1

LDL, elevated 7 2

LDL, healthy 7 2

LDL, no results in the last year 7 1

Total cholesterol, elevated 7 2

Total cholesterol, healthy 7 2

Total cholesterol, no results in the last year 7 1

Triglycerides, elevated 7 2

Triglycerides, healthy 7 2

Triglycerides, no results in the last year 7 1

Diabetes All 67 20

Prediabetes 5 0

Type 1 diabetes, controlled 7 4

Type 1 diabetes, poor control status 7 3

Type 1 diabetes, unknown control status 7 3

Type 2 diabetes, controlled 7 4

Type 2 diabetes, poor control status 7 3

Type 2 diabetes, unknown control status 7 3

Gestational diabetes 20 0

Obesity All 41 20

Obesity 7 4

Overweight 7 3

Abbreviations: HLD, high-density lipoprotein; LDL, low-density lipoprotein.
(continued on next page)
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(continued)

Table 2. Counts of Planned and Completed Stage 3 Validation Reviews by Condition and Outcome in Multi-State EHR-Based Network for Disease Surveillance
(MENDS)

Condition Outcome Planned Completed

Healthy weight 7 3

Height and weight for children 20 10

Total All 372 180

Abbreviations: HLD, high-density lipoprotein; LDL, low-density lipoprotein.
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Table 3. Description and Resolution of Representative Data Quality Issues Identified During Validation of Multi-State EHR-Based Network for Disease Surveillance
(MENDS)

Data quality issue Description Process modified Resolution

Missing data, low
volume

Source data had incomplete
historical laboratory data

Source data corrected Data contributor updated source data and reloaded data in MENDS,
which increased laboratory result data volume from 4 million to 69
million events.

No specific errors were identified No actions needed No actions taken.

Change in pharmacy vendor
resulted in storage of prescription
orders in a second location in the
source data

ETL updated Data contributor modified ETL to pull prescription orders from both
locations and refreshed data in MENDS to increase prescription
volume.

Some health systems were not
providing vital sign data to the data
contributor

ETL updated to exclude
affected systems

Data contributor could not directly resolve this issue; health systems
without substantial vital sign data were excluded from MENDS
database.

Missing data,
incomplete records

Missing data accurately reflected
data received from health systems.

Unresolved Issue was noted, and no further action could be taken to correct this
issue in the MENDS database.

Zip codes were collected by health
systems but not consistently
shared with the data contributor.

Source data corrected Data contributor corrected data feeds from its health systems and
refreshed data in MENDS, which reduced missingness from nearly half
to only 4% of patients.

Missing patients MENDS patient identifiers did not
match a patient in source data, so
diagnosis could not be confirmed.

No actions needed This error results from routine updates of patient identifiers, duplicate
removal, and health system or patient offboarding; patient list for
review was revised to replace missing patients to complete validation.

Orphan observations Heights, weights, and blood
pressures were submitted without
association with an encounter.

ETL updated To retain these observations for selective use in some algorithms,
MENDS database vendor developed a process to create a generic
encounter based on available information.

Additional clinical data
terminologies

Diagnostic codes were stored using
SNOMED instead of ICD-10-CM
terminology.

Algorithms updated MENDS used available terminology mapping tool to convert SNOMED
codes to ICD-10-CM when data were loaded into ESP.

Source data processing,
mapping

Higher-than-expected proportion of
patients were found in low-
frequency class of race and
ethnicity due to mapping error.

ETL updated Mapping assignments for race and ethnicity were corrected in the
MENDS database.

Incorrect zero values High frequency of zero values were
found in height and weight fields.

Source data corrected To correct source data, data contributor corrected processing error
affecting incoming health system data.

Source data processing,
extraction

Weight and height were rounded
incorrectly before extraction.

ETL updated Extraction was updated to correct rounding error.

Abbreviations: ESP, Electronic Medical Record Support for Public Health; ETL, extract, transform, and load; ICD-10-CM, International Classification of Diseases,
10th Revision, Clinical Modification; SNOMED, Systematized Nomenclature of Medicine.
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