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Objective: Administrative data are increasingly used in research and
evaluation yet lack standardized guidelines for constructing measures [l AL TIECUE
using these data. Body weight measures from administrative data What is already known?

serve critical functions of monitoring patient health, evaluating inter- : :
ti dinf . h. This studv aimed to d ibe the al » Body weight measurements are routinely
ventions, and informing research. This study aimed to describe the al- collected from patients during clinical en-

gorithms used by researchers to construct and use weight measures. counters and regularly documented in elec-
Methods: A structured, systematic literature review of studies tronic health records systems; however,
that constructed body weight measures from the Veterans Health the construction and use of weight meas-

ures for program evaluation and research
vary substantially.
» Although previous systematic reviews have

Administration was conducted. Key information regarding time frames
and time windows of data collection, measure calculations, data

cleaning, treatment of missing and outlier weight values, and valida- examined associations between weight-
tion processes was collected. management programs and patient out-
Results: We identified 39 studies out of 492 nonduplicated records comes, we did not identify any prior review
for inclusion. Studies parameterized weight outcomes as change in that summarized approaches used by re-

searchers to operationalize and analyze
measures of body weight from administra-
tive data.

weight from baseline to follow-up (62%), weight trajectory over time
(21%), proportion of participants meeting weight threshold (46%), or
multiple methods (28%). Most (90%) reported total time in follow-up
and number of time points. Fewer reported time windows (54%), out- | What does this review add?
lier values (51%), missing values (34%), or validation strategies (15%). » Among 39 studies reviewed, we found high
Conclusions: A high variability in the operationalization of weight variability in the reported construction and
measures was found. Improving methods to construct clinical meas- use of body weight measures, with many
ures will support transparency and replicability in approaches, guide o Iagklpg &y |nfqrmat|on needed to
, . . . . X compare findings or replicate analyses.
interpretation of findings, and facilitate comparisons across studies.

How might these results change the di-

Obesity (2020) 28, 1205-1214. )
rection of research?

» The availability of consistent, replicable
methods of weight measurement is critical

Introduction for longitudinal monitoring of patient health.

» Improving methodologies for constructing
Background weight measures will support more robust
Body weight measurements are routinely collected from patients during clinical en- evidence building, transparency in report-
counters and documented in electronic health record (EHR) systems, and they are read- ing, and replicable science.

ily accessible by health care providers to manage patients’ health. Collectively, body
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weight measures documented in EHRs can be utilized for several criti-
cal functions, including monitoring patient health outcomes, evaluating
health-related programs and interventions, assessing quality of care,
and research. The construction and utilization of body weight measures
from EHRs vary substantially in reported literature.

The Veterans Health Administration (VHA) is the largest integrated
health system in the United States and is one of the earliest develop-
ers and users of a unified EHR starting in the early 1990s (1). Data
from the EHR are extracted nightly and uploaded into the Department
of Veterans Affairs Corporate Data Warehouse (CDW) (2). The avail-
ability of these relational data tables provides administrators, manag-
ers, and researchers opportunities to conduct evaluations of population
health, programs, or treatments.

VHA developed the MOVE! Weight Management Program for Veterans
(MOVE!), a robust program to address the growing prevalence of obe-
sity among veterans. A recent systematic review examined studies
that reported on the quality and effectiveness of MOVE!, often using
weight-related outcome measures in analyses (3). However, little atten-
tion has been paid to how weight measures are determined using EHR
data. The absence of such guidelines limits the ability to compare find-
ings across studies and over time. Given the growing emphasis on the
use of pragmatic trials (4) that rely on administrative data and the need
to generate reproducible and transparent analytic methods (5), research-
ers are increasingly challenged to make their work accessible and
replicable. To better understand the diversity of weight measurement
methods, we undertook a review of weight measurement processes doc-
umented in published literature.

Objective

The objective of this systematic review was to describe the range of
body weight measurement algorithms documented in studies using
VHA data. Findings from this review will advance the ability to evaluate
and test weight algorithms. This work was guided by VHA policy per-
taining to nonresearch activities (6). Institutional review board approval
was not required because we relied on publicly available materials.

Methods

Research questions

We conducted a systematic literature review to identify the various
methodologies researchers utilize to construct body weight measures in
VHA studies. Our review followed recommendations in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (7). We were guided by the following two questions: (1) how
do researchers define, operationalize, and analyze body weight mea-
sures in VHA studies, and (2) what is the range of variation in defined
body weight measures across studies?

Literature search strategy and sources

An exploratory literature search was conducted in February 2018, and
a large collection of relevant articles was referred to the team by VHA
colleagues. These two sources (exploratory search and referrals) served
as a preliminary review to focus our objectives, define inclusion and
exclusion criteria for the studies, and develop tools to abstract key in-
formation from articles. A structured literature search was subsequently
conducted in October 2018 using the research database of the National
Center for Biotechnology Information/PubMed.
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Our focus was on use of body weight measures derived from VHA data
systems; thus, we limited our review to studies that used data generated
by VHA in the course of caring for veteran patients. Our search strat-
egy specified the following terms: (“veterans health”[MeSH term] OR
“veterans”’[MeSH term] OR “hospitals, veterans”’[MeSH term]) AND
(“body weight” OR “body mass index” OR “obesity”). The search
excluded animal research, conference proceedings, and systematic
reviews.

Eligibility criteria

We selected articles published in peer-reviewed scholarly journals be-
tween 2008 and 2018. Articles were considered eligible for inclusion
if the study reported use of body weight measures as an outcome (de-
pendent variable) in analyses and if weight measures relied on existing
electronic data originally collected for nonresearch purposes.

An article was excluded when (1) the authors did not report measure-
ment and/or use of a body weight measure, (2) it was not original
research (e.g., opinion piece, study protocol), (3) it did not focus on
veteran populations, (4) weight measures were self-reported, (5) VHA
administrative data were not used, or (6) weight was not an outcome in
analyses.

Data collection

We extracted study design details, participant inclusion and exclusion
criteria, sample size, years of data extraction, aim or purpose of the
weight measure(s), and data source of the relevant weight measure
from the identified studies. When study design was not explicitly
reported by the authors, determination was guided by the literature
(8). We also documented whether a weight measure was used as a
criterion for sample selection (e.g., study included only individuals
with overweight).

Weight measure construction, analysis, and utilization were recorded
as well as any described algorithms. Key elements included (1)
total time in the study follow-up time period, (2) number of unique
time points considered for analyses, (3) time intervals (the length
of time between each data measurement time point; e.g., baseline
to 6 months of follow-up), (4) time windows (the length of time
surrounding a time point in which observations are included; e.g.,
a 1-month window before/after baseline measurement), (5) missing
data (number or percentage), (6) treatment of missing data, (7) defi-
nition of outliers or biologically implausible values, (8) treatment of
outliers, (9) units of measurement, (10) weight measure calculation
(continuous, dichotomous, or categorical variable), and (11) validity
assessment of weight data.

Analyses and synthesis of results

Two team members (MF and AA) completed an initial exploratory
review and summarized findings. All coauthors provided input on de-
velopment of the analytic plan for the full review. Eligible abstracts
were screened (AA and MF). An in-depth full-text review of articles
was conducted for those meeting initial inclusion criteria (AA and
MF).

To ensure validity and inter-rater reliability of the review process,
two rounds of verification based on a 10% random sample of studies
meeting inclusion criteria and a 10% sample of those excluded were

1206 Obesity | VOLUME 28 | NUMBER 7 | JULY 2020

www.obesityjournal.org



Review

Obesity

CLINICAL TRIALS AND INVESTIGATIONS

reviewed by at least one other team member (LD, JB, RE, WW). The
reviewers extracted key data elements, which were compared with the
initial abstraction. The larger team then discussed extracted data, clar-
ified key elements, and further refined the scope of review. Decisions
pertaining to sampling criteria, as well as collection and analysis of key
data from the studies, were based on team consensus.

Upon completing the review of all studies, a third verification round
(using the same process from the first two rounds) was conducted,
yielding 92% inter-rater agreement on included/excluded studies. Final
decisions were made based on team consensus. Abstracted data from
included articles were aggregated by content-specific categories across
studies for each of the key elements described. Results were synthe-
sized and summarized into a matrix. Quality of the studies was assessed
using selected items from the COnsensus-based Standards for the selec-
tion of health status Measurement INstruments (COSMIN) (9).

Results

Literature review sample

We identified 492 nonduplicated records (Figure 1) and eliminated 346
articles via abstract screening. Full-text review was completed for 146
articles plus 6 additional studies identified from citations and not pre-
viously included. After full-text review, we excluded 107 articles, the
majority of which were eliminated because of primary data collection
for weight measures (n=37) and/or weight was not an outcome (n=44).

The final sample included 39 studies (Table 1). The majority
(87%) described an observational, retrospective cohort study design
(Tables 1-2). Most studies assessed weight outcomes to evaluate weight
management programs (41%) (10-25); the remaining studies evaluated
postbariatric surgery weight changes (25-35). Sample sizes ranged
from 40 (29) t0 4,990,424 (36), with most studies (62%) including more
than 1,000 patients.

Data sources

Several VHA data sources for weight measures were listed by research-
ers. Most stated they used national or regional data sources, including
the VHA CDW, National Patient Care Database, or other unspeci-
fied VHA administrative data sets (49%) (10,16-17,19-21,27,36-45).
Two additional studies (5%) in this group reported using a Veterans
Integrated Services Network database with unclear linkage to the na-
tional CDW (22,46). Other studies (44%) described using a facility
EHR or related systems (Veterans Health Information Systems and
Technology Architecture or Computerized Patient Record System)
(11,13-15,24-26,28-35,47,48). The remaining studies were not specific
about source or how data were extracted, listing MOVE! program data
(15%) (10,12,14,16,18,23) or VHA data (8%) (10,14,16).

Time factors

The time frames from which the studies obtained weight measures
spanned from 1997 to 2017 (Table 1). With the exception of one
cross-sectional study (36), all studies established a baseline time period

s 44 records identified via 421 records identified via 116 articles referred
= exploratory search structured literature search by other researchers
&
pi=
c
()
hs}
v
492 unique records after
duplicates removed 346 Total excluded*
0 33 No examination of weight
'g 19 Not original research
g Abstract 61 Not VA data or Veteran population
@ s.rac 10 Weight measure self-reported
review 32 Primary data collection
245 Weight measure not primary outcome
146 Articles identified
- P 6 records identified via
2 reference lists of articles
=
‘W Y
w 107 Total excluded*
Full text —— X
. > 7 No examination of weight
review .
7 Not original research
9 Not VA data or Veteran population
- 10 Weight measure self-reported
-°g’ 37 Primary data collection
E 39 articles included in 44 Weight measure not primary outcome
- final review 7 Non-administrative data

Figure 1 Flow diagram of literature review. *Articles can meet multiple exclusion criteria; thus, categories will not

sum to total.
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Similarly, almost all studies (90%) reported the number of time points
from which data were collected. Most often, studies focused on one or
two time points (36%) (10-13,21,27,29-30,34,36,38-40,46). The dura-
tion of time between the assessed time points (time intervals) varied
across studies but most often included intervals of 6 months (e.g., 6, 12,
or 18 months after baseline).

Just under half (46%) of studies described the time windows used to
determine point-in-time weights, with wide variability in the width of the
window as follows: 2 weeks (37,45), 30 days or 1 month (12,20-21,23-
24,41,45), 2 months (12,16,18,20-21,23), 3 months (17,24,41,45), 5 to
7 months (10,19,22,41), 10 to 15 months (11,22,33,36,40), or longer
(31). Several studies reported using more than one time window, often
using different windows to define baseline weights versus follow-up
weights (12,20-24,41,45). Typically, when multiple weights were found
within the defined window, the weight that was recorded closest to the
relevant time point was retained for use in analyses. Six studies did
not use windows but instead used all available weight values to assess
weight trajectories (11-12,31,42-43,47), one of which calculated a
quarterly median value of weights over time (43).

Measure construction

There were wide differences in how researchers defined and constructed
outcomes (Table 3). Studies used BMI (49%) or weight in pounds (41%)
or kilograms (13%). Parameterization of weight outcomes included as-
sessing change in weight from baseline to a follow-up time point (62%)
(11,16-18,20-26,28-35,37,40-41,45,46) or weight trajectory over time
23%) (11-12,27,31,38,42-43,47,48) as continuous variables. Several
studies (46%) created a binary indicator to classify participants meeting
a specific weight threshold (e.g., at least 5% weight loss) and then calcu-
lated the proportion of participants meeting this threshold (10,12-15,17-
18,20-23,27,31,36,39,41,44,45). Eleven (28 %) studies used more than one
approach. For example, Maciejewski et al. (31) determined the percentage
change in weight at follow-up as compared with baseline, predicted the
percentage of weight change at several follow-up time periods, and as-
sessed whether patients lost a specified percentage of their baseline weight.

Missing values

Only 14 (36%) studies reported the number or percentage of miss-
ing weight values (12,16,20-23,26-27,31,36-37,41,43,47) (Table 3).
Missing values were handled by excluding the patient from the analyses
(39%) (12,16,19,21-23,27,31,36-37,41,43-44,47,48) or excluding only
the relevant missing weight value (10%) (20,26,37,43). Two studies in
particular described using a combination of both methods (5%) (37,43).
Notably, among studies that reported exclusion at the level of the pa-
tient, several assessed their cohorts longitudinally over multiple years
with repeated measures. Thus, it is likely that the exclusion occurred
when all the weight values were absent for an individual participant
rather than excluding a participant based on any single value that was
missing for a particular visit. The reported methods often did not allow
us to distinguish between exclusions made because all values were
missing versus exclusions because one or more values were missing.
Finally, two studies described using all available weight values over a
specified time period (44,48).

Outlier values

Most studies (64%) did not identify outlier values (Table 3). Of those
that did, some (31%) used specific cutoff values based on lower and
upper thresholds (12,16,18,20-23,36,40,42-43,47). For example,

TABLE 3 Construction of weight measures among studies
included in systematic review (n=39)

Characteristic? n %

Unit of measurement

Weight in pounds 16 41.0%
Weight in kilograms 5 12.8%
BMI 19  487%
Use of weight variable in analyses
Change in weight compared with baseline 24 61.5%
Weight trajectory over time 9 23.1%
Proportion of participants meeting weight loss/gain 18 46.2%
threshold
Missing weight measures
Number or percentage of missing values reported 14 35.9%
Not reported 23 59.0%
Not applicable (e.g., because of sampling) 2 51%
Treatment of missing weight measures
Exclusion of individual 15 38.5%
Exclusion of observation 4 10.3%
Not reported 22 56.4%
OQutlier definition
Absolute values 12 30.8%
Relative, calculated, and/or data derived values 8 20.5%
Not reported 25 64.1%
Treatment of outliers
Exclusion of individual 2 51%
Exclusion of observation 12 30.8%
Not reported 25 64.1%
Validation strategies reported 6  15.4%

aStudies may report more than one category; thus, categories are not mutually
exclusive.

Maguen et al. (42) and Noel et al. (43) identified 70 1b and 700 Ib as
lower and upper thresholds, respectively. Fewer studies (21%) used
a more complex process for determining outliers based on statisti-
cal properties of the analytic sample (10,12,18,20-22,31,36). For
example, Chan et al. (12) computed mean weight by individual and
defined outliers as individual values more than 3 SDs from an indi-
vidual’s mean. Similarly, Maciejewski et al. (31) calculated rolling
SD of consecutive weight values in groups of three and then used
these as thresholds for determining outliers. Breland et al. (36) de-
termined outlier values by defining specific upper- and lower-bound
threshold values of the sequential ratios of current weight to previous
weight and current weight to next weight. Six studies used both sim-
ple thresholds and more complex statistical approaches (12,18,20-
22,36). Outliers were addressed by excluding the participant from
the analyses (5%) or excluding only the outlier value from analyses
(31%).

Validity

Validation of weight measures was rarely reported (15% of studies).
One study (27) conducted a sensitivity analysis that varied the threshold
value for weight change over time, while another (43) performed sensi-
tivity analysis of a 5% weight change threshold. Additional validation
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strategies included alternative analyses by adjusting statistical models
(20), comparing results to other similar studies (16), comparing par-
ticipants with one weight measure to those with multiple weight mea-
sures (42), and examining within-subject changes in the trajectory of
the weight measure (47).

Study quality

Study quality and risk of bias was evaluated in terms of the construction
of the weight outcome measure and the reported number of relevant
attributes (e.g., time factors, outlier values). Most studies (56%) de-
scribed in some level of detail at least half of the selected attributes.
However, only 10 (26%) studies met an excellent level of quality for
all relevant measure attributes. Many (46%) had a substantial lack of
reported attributes for the weight measure, which hinders an adequate
assessment of the validity of findings.

Discussion

We found high variability in the reported construction and use of body
weight measures among VHA studies, with many lacking key information
needed to compare findings or replicate analyses. Although most studies
(90%) reported the amount of time in the follow-up period and the number
of time points assessed, just over half reported time windows (54%) or
identified outlier values (51%), and fewer reported missing weight values
(34%) or validation strategies (15%). Interestingly, 11 of the 39 reviewed
studies constructed more than one weight measure as outcome variables
in analyses, while 8 studies identified more than one time window, and 6
studies used multiple definitions for outlier values. Thus, the variation in
measurement specification was not only present across studies but within
studies as well. Often, studies lacked a rationale or justification for includ-
ing multiple sets of defined measurement criteria.

Though our search was not limited to studies of weight change for
veterans with overweight or obesity, most (41%) were evaluations
of MOVE!, 28% evaluated veterans after bariatric surgery, and
10% focused on receipt of obesity-related care within VHA. Thus,
the implications of our findings are especially relevant for assess-
ments of patient weight in the context of weight loss interventions.
Moreover, EHR and associated data warehouses within integrated
health systems are generating larger and more comprehensive data
sources that include many health-related measures beyond weight
(e.g., blood pressure, cholesterol). The issues highlighted in this sys-
tematic review are likely to be prevalent for these additional mea-
sures as well. Importantly, the availability of consistent, replicable
methods of measurement over time are particularly valuable in lon-
gitudinal monitoring of health status, an approach frequently used in
population-based studies.

Despite the frequent use of weight measures in research studies and
program evaluations, our findings highlight the absence of standardized
guidelines for defining, constructing, utilizing, and reporting weight mea-
surement approaches, pointing to the need for more consistent meth-
odologies. This is a key issue, especially in light of increasing use of
administrative data for program evaluation and the rise of pragmatic clin-
ical trials (4) that often rely on these data sources. In order to foster the
use of valid and reliable measurement approaches among clinical trials
and evaluations, the data infrastructure to support such research should be
strengthened by standardized data extraction and analytic processes (49).

Review of Weight Measures Annis et al.

The development of standardized measurement approaches for weight
data should consider employing suggested methods for handling miss-
ing data (50,51) and outliers (52,53). In a previous review of reported
treatments for missing data from 169 articles published in the journal
Prevention Science, researchers found that deletion-based techniques
(i.e., listwise [exclusion of individuals] and pairwise [exclusion of
observations] deletion) were the most commonly reported methods
for handling missing data, used by 30% of the studies (54). Moreover,
based on how the studies reported missing data, the authors concluded
that this proportion was likely higher and closer to 37% (54), similar
to our finding of 44% of studies. Deletion-based techniques, however,
are considered to be poor solutions for addressing missing data (55), as
there are more sophisticated methods available.

Multiple imputation in particular is becoming increasingly used and
recommended as a way to decrease bias because of missing data
(54,56,57). The review mentioned above identified the use of imputa-
tion strategies by 21% of studies (54). In contrast, none of the 39 stud-
ies included in this review used imputation methods, although in many
cases, we were unable to distinguish whether missing data techniques
were not employed or not reported. Certainly, there are circumstances
whereby other methods of handling missing data may be more appropri-
ate than imputation (58). However, the lack of detail reported by studies
that pertain to the treatment of missing data is a common problem, even
among those using imputation methods (50-51,56). Regardless of the
method selected, studies would benefit from additional reporting clarity
and transparency about how missing data were addressed.

Parallel to the issue of missing data, the majority (64%) of studies we
reviewed did not state how outlier weight values were defined or han-
dled. This is consistent with a previous review that found that 41% of
42 large epidemiologic studies did not address biologically implausi-
ble values, while an additional 26% reported insufficient information
regarding implausible values (59). Similar to our approach, the authors
categorized biologically implausible values into the following three
groups: externally defined limits (i.e., comparisons to values obtained
outside of the study, or “absolute” values), internally defined limits
(i.e., defined based on the values of the study sample, or “relative” val-
ues), and using a combination of both methods (59).

Among the studies we reviewed that did report outliers, there was wide
variability in outlier definitions in both the “absolute” and “relative”
groups. For example, multiple cutoff values were used by our sample to
define plausible weight values, ranging from 50 to 91 1b for a minimum
weight and from 600 to 823 1b for a maximum weight value. Several
variations of BMI cutoff values were also reported. Similarly, the studies
that used relative approaches also differed in their strategies to identify
outlier values, such as using calculated participant mean weights, SDs,
weight ratios, and/or weight change. Interestingly, six of the studies used
a combination of approaches. Numerous statistical approaches to address
outlier or implausible values have been described elsewhere, along with
recommendations for selecting and utilizing an appropriate method
(52,53). Yet, the finding that only 14 (36%) distinct studies in our sample
described any information related to outliers indicates, again, that there
are opportunities to improve reporting of basic elements of data analyses.

Lastly, our sample of studies was decidedly split between constructing
the weight outcome as a continuous versus categorical or binary vari-
able. In fact, a substantial number of our reviewed studies (46%) created
a binary indicator to designate whether or not a study participant met a
weight threshold. As evident from the variability in the construction of
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weight outcomes, there does not appear to be a consistent practice for
defining weight measures or defining a clinically meaningful change in
weight. Although several studies considered meaningful weight change as
aloss in excess weight of 5% or more, rationale for this threshold was not
reported. Lack of consensus for operationalizing weight outcomes lim-
its the ability to compare and contrast findings across studies. Moreover,
categorizing or dichotomizing continuous variables can lead to a loss of
information and biased results (60). Further exploration of weight mea-
sures will require careful consideration of what constitutes clinically
meaningful weight change and how measurement approaches can be con-
structed to optimally detect these changes while limiting the risk of bias.

Robust science requires transparency and replicability, which allow
others to validate and potentially extend findings. Researchers are
increasingly requested by funding agencies and peer-reviewed jour-
nals to share data and provide clear descriptions of analytic methods.
Several standards for reporting research studies have been published
by expert working groups to guide such documentation (61-64). These
guidelines should extend to the need for clear articulation of methods
used to construct and analyze health system—generated data.

This study had some limitations. Our review of weight algorithms was
limited to VHA administrative data sources and studies of Veteran popu-
lations. VHA has long emphasized the importance of assessing and doc-
umenting weight for screening, preventing, and treating obesity (21,65).
Additionally, large relational databases of clinical and administrative data
fed by one of the earliest integrated EHR systems in the world provide
a robust data infrastructure to support quality improvement, program
evaluation, and research studies. Thus, our findings may not be gener-
alizable to studies outside VHA using non-VHA data sources. We did
not verify the data sources reported by researchers and noted variation in
the terminology they used to describe these sources. Thus, it is possible
some reported sources were misclassified. Our specification of search
terms and/or exclusion criteria may have led to missed opportunities to
further understand approaches to derive weight-related measures. Lastly,
the lack of reporting on a key data element in an article does not neces-
sarily indicate absence but rather may simply reflect space constraints
for published research and lack of priority for detailed documentation.

Conclusion

Routinely collected clinical measures of patient health, including body
weight, captured by administrative systems are important sources for
outcome measures in research and program evaluation. The high vari-
ability found in measurement approaches, along with the expanding
availability of large data systems, challenges researchers to identify
reliable, valid, and consistent methodologies for constructing measures
based on administrative data. Improving these methods will support
more robust evidence building, transparency in reporting, and replica-
ble science. Future research should examine whether specific analytic
approaches in constructing weight measures can potentially add value
to the validity or robustness of the analyses and/or negatively impact
data collection or other logistical aspects of the study.O
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